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T HIS AUTO INSTRUCTION was prepared with the idea of 
presenting in dear, simple form, the principle upon which gasoline t 
engines and automobiles are built and operated, and to explain in 
detail all that an operator must understand in order that he may operate 
and care for any make of car or gasoline engine. 

In order that the reader may clearly understand the modern details of 
an automobile and its parts, it was necessary to illustrate and describe the 
early type of cars and gradually work up to the more modern types. For 
this reason many of the subjects begin with early models or types, which is 
absolutely necessary before the reader can properly master the subject. 

The reader will learn the principle of construction of the different parts 
of any automobile in general use. The construction may vary, but the 
principle remains the same. Consequently when the reader masters the 
principle involved, he masters the construction of ALL types of automo¬ 
biles, engines, ignition systems, carburetors, etc. 

This system of instruction together with the working models represent 
the practical result of the writer’s intimacy with the industry since its very 
beginning, as well as matter collected from all available sources in the 
world. - * 

For many of the illustrations and much information to be found in this 
book, the writer is indebted to the “Automobile,” of New York, 
“Motor Age” of Chicago, “Automobile Dealer and Repairer,” of New 
York, and* “Motor World” of New York, as well as a great number of 
manufacturers of automobiles and accessories. The writer is also indebted 
to Mr. P. J. McCullough and Mr. A. W. Rhein for valuable assistance 
rendered. 

The illustrations are not drawn to scale, in fact, the majority of 
the illustrations are exaggerated in a great many instances—in order to 
clearly describe the subject treated. 

The writer makes no attempt to treat the subject in a theoretical man¬ 
ner, his idea being to adhere strictly to the practical side of the subject. 

A. L. Dyke 
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RUNNING GEAR. 

Front Axle . 1 

Steering Knuckle Pivot . 2 

Steering Knuckle Arm (right). 3 

Steering Knuckle Arm (left).4 

Steering Knuckle Tie Bod . 5 

Steering Gear Connecting Bod. 6 

Steering Knuckle Gear Bod Arm. 7 

Rear Axle (Housing) .> 8 

Differential (inside of case). 9 

Axle Drive Bevel Gear .10 

Axle Drive Bevel Pinion .11 

Axle Drive Pinion Shaft .12 

Axle shafts are inside of axle housing. 

Brakes on Hub of Wheels (*Operated 

by Hand Lever).13 

•Brake on Drive Shaft (*Operated by 

Foot Pedal) .14 

Brake Rods .15 

Brake Pedal (Running) .16 

Brake Lever.17 

Springs .18 

Spring Blocks or Seats.19 

Spring Clips.*....20 

Frame. 

Main Frame .21 

Sub-frame . 22 

BODY 

Body.23 

Fenders.26 

Running Boards .26 

Dash .28 

TRANSMISSION SYSTEM. 

Transmission Gear Box or Gear Set_29 

Cover Plate for Transmission.30 

Clutch. 

(Cone Type) .31 

Clutch Spring .32 

Clutch Pedal .33 

Drive. 

Universal Joint (forward).34 

Universal Joint (rear) .35 

Drive or Propeller Shaft .36 

Drive Pinion Shaft .12 

Differential Driving Pinien.11 

Differential Driving Gear.10 

Torque Rod.37 


POWER PLANT. 

Engine. 

(Four Cylinder) Cylinders Cast in 


Pairs.39 

Inlet Valve Caps .40 

Exhaust Valve Caps .41 

Crank Case (Split type).42 

Starting Crank .43 

Flywheel . 44 

Inlet Manifold .45 

Exhaust Manifold .46 

Exhaust Pipe .47 

Muffler .48 

Cooling System. 

Pump .49 

Radiator . ..50 

Cooling Water Inlet and Outlet.61 

Fan.62 

Fan Belt .82 

Ignition System. 

Magneto (High Tension type).53 

Magneto Drive Gear in Engine Gear 

Case.64 

Ignition Switch .55 

Spark Plugs .66 

Cables (High Tension Ignition).57 

Fuel System. 

Fuel Tank .58 

Inlet Manifold.45 

Carburetor.60 

Throttle on Carburetor ..61 

Fuel or Gasoline Pipe.62 

CONTROL SYSTEM. 

Steering Post Assembly. 

Steering Column Tube .63 

Steering Gear Case .81 

Steering Wheel .64 

Steering Gear Arm.66 

Spark Hand Lever.67 

Steering Gear Connecting Rod. 6 

Throttle Hand Lever.68 

Spark and Throttle Sector. ..70 

Spark and Throttle Control Rod.71 

Throttle Lever Shift Rod.72 

Hand Lever Assembly. 

Gear Shift Lever.73 

Brake Lever .17 

Gear Shift Gate or Selector.76 

Gear Shift Lever Shaft .77 

Pedal Assembly. 


Clutch Pedal . 33 

Brake Pedal .16 

Clutch and Brake Pedal Shafts.78 

Clutch Release Fork .80 


. •Modern practice is to have Hand Lever operate the external brakes and Foot Lever the in¬ 
ternal brakes—-both on rear wheels. 


OHABT NO. a— Key to Motor Oar Parts; illustrated in Charts 1, 3, 4, 6, 6, 7, 8, 8, 10. 
31 and 32. 

goto: Modern type of cars will be shown further on in this book. Read heading top of page IV. 
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DYKE’S INSTRUCTION NUMBER ONE. 


INSTRUCTION No 1. 

THE AUTOMOBILE: Assembly of the Automobile. Functions 
of the Principal Parts. 

The Kinds of Motor Oars. 

There are three different kinds of motor cars; first, the gasoline motor 
car; secondly, the steam car; thirdly, the electric car. 

The gasoline motor car is by far the most popular, and it is with this that 
we are mainly going to deal. 

The'steam car, silent, smooth and easy on tires, is comparatively seldom 
seen. 

The electric car, almost invariably in the form of a brougham or coupe, 
is heavily handicapped by being unable to run for more than a few hours 
without a fresh charge of electricity from its headquarters, and is quite in 
the minority. Our attention will be devoted to the car with the gasoline 
engine for the motive power. 

The Component Parts of a Motor Car. 

A car may be made up as a whole of two distinct parts, the body and 
chassis. 

The body, which is the work of the body builder, which has been brought 
by him to a wonderful pitch of perfection, hardly concerns us so we will un¬ 
screw the half dozen or so bolts that secure it to the frame of the chassis and 
stand it to one side, for the present at least—so that we can examine the 
chassis underneath. 

The chassis is the entire car with the exception of the body (see chart 8). 
The chassis, for our purpose, must also be divided into its main parts as 
follows: the running gear, power plant, transmission system, control system, 
equipment and accessories. 

The running gear consists of parts as follows: front and rear axles, 
wheels, springs, frame. 

The power plant consists of parts as follows: motor with its fuel system, 
carburetion system, ignition system, cooling system and lubrication system. 

The transmission system consists of parts as follows: clutch, change speed 
gears, drive shaft with its universal joints and differential. 

The control system consists of parts as follows: steering device, throttle 
and spark control, hand levers, foot pedals and brake system. 

The necessary equipment consists of such parts as fenders, running 
boards, hood, dash, tires, lighting system, self starter, horn, etc. 

The desirable equipment or accessories are such parts as speedometer, 
windshield, warning signal, shock absorbers, etc. 

The construction of the parts of a motor car may vary, but their purpose 
is the same. While it is true there are hundreds of different firms making 
automobiles, they all employ in the construction of their cars the parts en¬ 
umerated under the various headings. For instance, one manufacturer may 
suspend the power plant on the main frame, others use a sub-frame. Some 
use a clutch of the cone type, others use a clutch of the multiple disc type—but 
they all use frames and they all use clutches. Further on we will explain the 
different constructions involved in these parts, but bear in mind the principle 
or purpose of each part does not change. 
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As we progress the reader will gain an idea of the different constructions 
of the component parts now in general use—for instance, there are two kinds 
of front axles in general use; the tubular type and the solid type. There 
are two types of construction of rear axles in general use; the live axle 
which revolves and is driven by a bevel gear and pinion, and the dead* axle 
which does not revolve, but the wheels are driven by chain and sprocket, and 
so on, throughout the whole construction of a car. 

•It is now clear that if the reader masters the principle and purpose of 
these parts then it will be no difficult matter to understand the variation in 
construction, and when he will have completed the study of this construction 
he will have gained sufficient knowledge to enable him to understand the con¬ 
struction of all cars. 

Purpose of the Parts of the Running Gear —see chart 4. 

The front wheels run free on the axle, and guide the car. They are called 
the guiding wheels and are moved from side to side by means of a steering 
device (63-64-65) and the direction of the car is controlled in this manner. The 
rear wheels are revolved by the engine and drive the car. 

The front axle is fitted with steering knuckles (3 and 4) on which the 
guiding wheels run. These steering knuckles are moved by means of the rod 
(6), which connects to the steering device (65). The front axle is fitted with, 
spring blocks (19) and spring clips (20) which hold the springs in place* 

^Fhe rear axle revolves. The housing over axle is fitted with spring blocks 
and clips similar to the front axle. 

The springs act as a cushion and protect the machinery and the occupants 
of the car from undue vibration and shock. They also hold the frame. 

The frame of an automobile is made of pressed steel and is the founda¬ 
tion which supports the power plant, 
change gears, levers, steering device, 
fuel tank, body, etc. Each part is 
bolted to frame and is kept in proper 
relation to each other. The frame 
is usually hung, with the springs rest¬ 
ing on the axles as shown in upper 
illustrationf fig. 1 , to the left, called 
overslung. Sometimes the springs 
are fastened below the axles, called 
the underslung construction. 

A sub-frame is sometimes placed 
inside of the main frame to support 
the power and drive plant. 

The steering device (63-64-65) is usually attached to the frame. By turn¬ 
ing, the wheel (64) the car is guided through the control of the direction of 
the front wheels. 

Brakes (13) are fitted to motor cars for stopping or slowing down and 
are usually fitted to a drum on the hubs of the rear wheels. 

Purpose of the Parts of the Power Plant— see chart 5. 

The engine furnishes the power that drives the car. It is usually located 
in the front part of the frame, if it is a multiple cylinder vertical type of engine. 

^Suspension: multiple cylinder engines usually have four, six, eight or 
twelve cylinders. If it is a single cylinder engine, it is usually hung as shown 




Fig. 1. In the upper illustration is shown the 
over slung spring suspension which is used on the 
majority of the cars today. Note that here both 
front and rear springs and also the frame are above 
the axles. In the lower illustration is shown the 
nndenlung, a form of spring suspension in which 
the frame is above the axles, but the springs below 
—seldom used. 

A popular spring system is the cantilever, see 
page 27. 



*See index for advantages of "three point suspension.*' 

*The type of clutch, axle, engine, eto. which are used on leading cars given under "Specifications 
of Leading Oars"—page 542. 
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in chart 11, fig. 1; if double cylinder opposed type, it is usually placed across 
the frame. If a multiple cylinder, “single unit power plant” (see page 85), 
it is usually suspended at three points as per page 786, fig. 49. This is called 
“three point suspension.” 

■The carburetor mixes air with gasoline, and is connected direct to intake 
pipe on engine. The carburetor is connected to the feed pipe (62) from the 
gasoline tank. 

The gasoline tank is usually placed under the seat or at the rear of the 
car and gasoline is fed to the carburetor through a small pipe (62) (chart 8) 
or by the vacuum system (see carburetion instruction). 

The exhaust pipe (47) connects to the exhaust manifold and runs to muf¬ 
fler (48), which is usually placed at rear of car. The exhaust pipe permits the 
burnt gases to escape. The muffler placed at the extreme end of the exhaust 
pipe, silences or muffles the noises from the explosions in engine cylinders. 

The ignition system is a part of the electric plant; either a storage bat¬ 
tery and coil, dry cells and coil, generator, or a magneto. The coil and battery 
electric system was formerly placed on the dash, while the magneto or genera¬ 
tor is placed on the engine and is run by the cam shaft or crank shaft, through 
the medium of silent chains. The modern coil and battery system with a 
timer and distributor is now placed on the engine, see Delco and Atwatpr-Kent 
systems. 

The cooling system consists of the radiator (50), water pipes (51) and 
circulating pump. The object of the cooling system is to keep the engine 
from getting too hot when the explosions take place inside of the cylinders. 

The lubrication system of the engine is for the purpose of keeping the 
bearings and rings and other moving parts from wearing. This subject as well 
as all other subjects will be treated separately further on. 

Transmission of Power —see charts 6, 7. 

The transmission or the speed change gears is that part which transmits 
the power from the engine to the driving wheels through a system of speed 
change gears (29). 

A clutch (31) is placed between the engine and transmission; this permits 
the engine to run free, or when “thrown in” connects the engine to the change 
speed gears and drive tfte car. The clutch is operated by a foot pedal (33) 
and is thrown in or out by the driver. 

In a locomotive, the piston rods are connected direct with the wheels, 
through the medium of the cross head, and connecting rods so that when 
steam is applied the locomotive moves. In an automobile, the engine may be 
disconnected from the transmission by means of the clutch, so that the motion 
of the transmission or of the entire car may be stopped without stopping the 
engine. 

Change gear principle : When a bicyclist wants to race on a level track 
he gears his wheel up high, so that one revolution of the crank takes him the 
greatest possible distance. Yet if he takes this wheel on the road and en¬ 
counters a hill, he must get off and walk or exert an extra lot of power—he 
needs a wheel geared lower. 

In the same way, when an engine is required to do more than ordinary 
work, as climbing a hill, the transmission or change speed gear contains from 
two to four changes of gears and helps out the engine by changing to the gear 
ratio required for less motive power. It allows the car to move at various 
speeds while the speed of the engine is unchanged. 

When in low gear, the engine makes quite a number of revolutions (15 
or 20), while the wheels revolve once which makes the auto move forward 
slowly, but with considerable force, so that it can go up a steep hill or through 
sand or mud. 




ASSEMBLY OF CAR. 


13 


When in second or intermediate gear, the engine makes from (8 to 12) 
revolutions to one revolution of the wheels, which moves the car faster than 
the low or first ehange of gears but with less force. 

When in third or high gear the engine makes from (2 to 4) revolutions to 
one revolution of the wheels, which gives the car high speed over good roads. 

If the car was going up a steep grade while on high gear, the work 
would be more than the engine could do, and it would stop unless one of the 
lower speeds were shifted in. There would be considerably more pull on the 
wheels. 

The operation of the change of gears is by means of a side or center lever 
(73, chart 1, also see chart 23); change of gears can be made instantly. The 
transmission also contains a set of reverse gears, which when thrown in, will 
reverse the motion of the car without reversing the motion of the engine. 

The transmission may be connected so that it drives the wheels by the 
following methods. 

First—by a driving shaft (see chart 11, fig. 1, c and e, also (36) chart 6), 
connected to the rear axle, which it revolves by means of bevel gears, the wheels 
and axle turning together. This axle revolves and is called a “live” axle. 

.Second—by a single chain (see h, chart 11) connected to the rear axle, 
wheels and axle turning together. 

Third—by two chains (see b, chart 11), one connected to each rear wheel, 
which run free on the axle, like a buggy and is called a “dead” axle because 
it does not revolve. 


The Drive System —see chart 6. 

The connection between the engine and the wheels is called the drive 
system. 

The drive shaft connects with the end of the transmission shaft by means 
of a universal joint, it has also a universal joint at rear end connecting with 
the differential drive pinion shaft. 

The universal joints (34-35) permit the parts mounted on the rear axle to 
move up and down, thus preventing the movement of the axle from interfer¬ 
ing with the drive of the car. 

The torque rod (37) is usually placed between the housing on rear axle 
and the transmission case. The object of the torque rod (or torque arm as it 
is now called) is to prevent the axle housing from twisting when the power or 
brakes are applied (see page 22). 

The drive pinion shaft (12) connects to the rear universal joint (35) 
and drives the bevel gear (10), which is connected to the differential (9), 
(see chart 5). 

The front wheels on an automobile run free on the axle. For this rea¬ 
son the outside wheel is able to revolve faster than the inside wheel when the 
car is turning a corner. 

When a vehicle turns a corner, the outside wheels revolve faster than the 
inside wheels, because they travel a longer distance. 

The wheels in rear must do the same thing ; if they were forced to revolve 
at the same speed, one would slide because it could not keep pace with the 
other. 

When they run free on the axle, they would take care of this them¬ 
selves, but as both are driven by the engine, the transmission or rear axle is 
fitted with a differential, or at times erroneously called a compensating gear 
(see chart 18). This device is automatic, and permits the wheels to revolve 
at variable speeds, although both are driven by the engine. 




Fig. 2—Top view of a double chain driven truck. Rear axle is called the 
It does not revolve. Formerly employed by the Packard Motor Oar Oo. 



Fig. 3—Side view of a modern Packard chainlese truck. Drive; worm: power; four cylinder 
gasoline engine; clutch; disk: transmission; four speed selective sliding: "live" rear axle; full floating. 

Worm gear drive. This system is used on a large number of cars now, especially on trucks, 
and is coming more into favor every year. There is no difference in the transmission system, exoept 
as regards the drive, as compared with the usual bevel-gear system. In principle the worm drive 
is a simple arrangement; the usual bevel gear and pinion are replaced by a specially-shaped hollow 
helical toothed gearwheel and worm. A "live" rear axle is used. 


1HABT NO. 11—Methods of Transmlssloh of Power to Bear Axle and Road Wheels. 
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Body* 

The automobile frame, with all parts of the running. gear, the transmis¬ 
sion, engine and other parts of the mechanism, when it is without fhd body 
is called the chassis. Different types of bodies may be attached to a Ch as sis , 
and are generally fastened down with bolts. 

The bodies of pleasure automobiles are classed as follows: 

Roadster—An open ear seating two or three. It may have additional seats on ran- > 
ning-bo&rds or in rear deck. 

Oonpelet—Seats two or three. It has a folding top and fall-height doors with disap¬ 
pearing panels of glass. 

Ooupe—An inside operated, enclosed car seating two or three. A fourth seat facing 
backward is sometimes added. ‘ 

Convertible Coupe—A roadster provided with a detachable coupe top. 

Clover Leaf—An open car seating three or four. The rear seat is close to the divided 
front seat and entrance is only through doors in front of the front seat. 

Touring Car—An open car seating four or more with direct entrance to tonneau. 

Salon Touring Oar—A touring car with passage between front seats, with or without 
separate entrance to front seats. 

Convertible Touring Car—A touring car with folding top and disappearing or remov¬ 
able glass sides. 

Sedan—A closed car seating four or more all in one compartment. 

Convertible Sedan—A salon touring car provided with a detachable sedan top. 

Open Sedan—A sedan so constructed that the sides can be removed or stowed so as 
to leave the space entirely clear from the glass front to the back. 

Limousine—A closed car seating three to five inside, with driver’s seat outside, cov¬ 
ered with a roof. t 

Open Limousine—A touring car with permanent standing top and disappearing or 
removable glass sides. 

Berlins—A limousine having the driver’s seat entirely inclosed. 

Brougham—A limousine with no roof over the driver’s seat. 

Landaulet—A closed car with folding top, seats for three or more inside, and driver’s 
seat outside. 

Body equipment consists of a hood or bonnet over the engine which con¬ 
nects with the dash of the body. Fenders or mud guards are usually attached 
independent of the body, also the running board. Wind shields are placed in 
front on the dash. Steel pans, which extend under the mechanism, protect¬ 
ing it from mud and dust. 

Commercial vehicles are those used for business purposes such as taxi¬ 
cabs, delivery and trucks. 


Wheels. 

Tires made of rubber are fitted to the wheels to take up the vibrations 
that are too sudden for the springs to absorb. 

The wheels of an automobile are smaller in diameter 
than horse drawn vehicles, due principally to*the fact that 
at the high speed the automobile travels, the wheels would 
have to be built entirely too heavy to sustain the strain. 
Automobile wheels must be very strong, because of the 
weight that they must support, and the strain that they 
are under. They are made of wood or wire (see illustration). 

Wooden wheels are made with a wood felloe, over 
which fits a steel rim that holds the tire. It is called an 
artillery type wheel. 

Wire wheels are light, easily repaired and are becom¬ 
ing very popular. 

Mud guards or fenders are always fitted over the wheels, to protect the 
car and occupants from the mud thrown by the wheels. 
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Although there ere many special makes of bodies which are given special names, the aoove illustrations 
will give the reader the names of the standard type of bodies. 

Kote the Cycle Oar is now called a Light Car. 

The Sedan differs from the Limousine in that the driver's seat in the Sedan is placed inside with other 
seats and would be termed a family car. The owner quite often drives this type of car. 

The Limousine front seat is partitioned off from seats in the rear and is usually operated by a 
chauffeur. 

The Town Oar is a light, low, short wheel base, with chauffeur's seat in front. This type of car also 
used for Taxicab service. 

The Landau is a type of car similar to the Limousine, but the rear part of top can be folded back. 

The distinction between the Delivery wagon and Truck is in site and weight. The delivery wagon 
usually a shaft driven pneumatic tired car, .whereas the truck is a double chain or shaft driven solid tired 
m-ww machine. __________ 

'RT MO. 12—Type* of Bodies. 
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Buick Six. 

The Bulck 1918 line is composed of 
three models. Two are sizes and the 
only material difference is in the 
wheel base, which is 118" and 124"— 
the engines being the same. 

Speducations: wheel base 124"; en¬ 
gine, 6 cylinder, four cycle valve-in- 
head type; unit power plant (see also 
pages 109 and 157); bore Bb'xlH' 
stroke. 60 h. p.; cooling, centrifugal 
pump and cellular type radiator; 
lubrication, circulating splash oper¬ 
ated by gear pump driven by spiral 
gears from cam shaft; carburetor is 
the Marvel shown on page 179; with 
vacuum fuel feed system explained on 
page 165; ignition, high tension jump 
spark system—Delco—see page 878; 
electric system, Delco single wire, see 
page 388. Clutch, multiple disc, dry 
plate; transmission, 3 speed and re¬ 
verse, 3.36, 1.76 and 1 to 1 on first, 
second and third gears, and 4.82 to 1 
on reverse, selective type—see page 
497 for gear shift; rear axle, full float¬ 
ing type with 4 to 1 ratio on 118" 
wheel base and 4.615 to 1 on the 124" 
wheel base car—see page 557 for type 
of rim used. 

Buick Four. 

On the four cylinder car the engine 
is also valve-in-head type with bore 
of 3%x4%* stroke—pump cooled, 
splash lubrication—Delco electric sys¬ 
tem—cone clutch —\ floating axle. 
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Lights. 

Automobiles are required to carry two lights in front, and another, called 
the tail light, in the rear. The rear light is required for the benefit Of the Fire 
Department—to avoid accidents of rear end collision. To make driving at 
night safe, there are usually head lights which bum acetylene gas or elec¬ 
tricity. 

0 

Electric lights are the most popular; a storage battery supplies the elec¬ 
tric current; when the battery runs down it is recharged from an outside 
source, but if car is equipped with an electric generator, run from engine, 
the battery is kept charged by the generator. (This subject treated fur¬ 
ther on). 


Accessories. 

Speedometers show the speed in miles per hour, and are .operated by 
flexible shaft driven from the front wheel or transmission shaft. 

Odometers show the number of miles traveled, either on one trip or dur¬ 
ing the entire season. Speedometers and odometers are often built in one 
case, for the sake of compactness, one cable driving both. 

Orademeters show the per cent of grade the car is climbing. 

The horn for automobiles is sounded by pressing a rubber bulb, and the 
tube from the bulb to the horn is long enough to have the former at the 
driver’s seat, and the latter well forward. Another form of alarm is blown 
by the pressure of the exhaust from the engine, and it is sounded by pressing 
on a foot pedal. Exhaust whistles are the name of these horns, and the 
sound is very much like a locomotive whistle. 

The electric horn is the most popular. It will be explained farther on. 

Bumpers are placed in front of the car and sometimes in the rear. They 
protect the radiator and lamps and are well worth the investment (see fig. 
10 page 26). 


Wheel Base, Tread. 

The wheel base of an automobile is the distance (in inches) between the 
rear axles and the front axles. The long wheel base rides easier than a short 
wheel base. The frame must be sufficiently stiff, however, to prevent sagging 
from the weight on same. The wheel bases vary from 80 inches on runabouts, 
to 144 inches on larger cars. 

The tread (also called track) is the distance the two wheels are apart 
measured parallel with the axle. The standard tread is 56 inches, measured 
from center to center. 

The treads of wagons and carriages vary in different parts of the country. 
In the Southern states it is 60 inches, in the West 48, and most of the other 
parts of the country 56 inches. Small, light cars are sometimes made with a 
smaller tread than 56 inches, but it is exceptional. 

The clearance is the distance from the lowest point of the car to the road. 
For rough roads, a greater clearance is required than for smooth roads, as 
a high place in the road would strike parts of the machinery that hung too 
low. The front axle, which is solid and heavy, is usually curved down in the 
center, so that it will be the first part of the car to strike a high place, thereby 
protecting the delicate parts behind it. 
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INSTRUCTION No. 2. 

DRIVES: Chain. Propeller or Shaft Drive. Worm Gear Drive. 
Radius Rods. Torsion Rods. Drive Reduction. * 

The power from the engine is transmitted through the transmission; 
and is applied to the propelling of the car by those parts called the drive. 

There are three types of drive; one the double chain drive, requiring a 
dead rear axle, and the other the single chain drive (seldom used), and the 
shaft or propeller shaft drive, which requires a liye rear axle, (see chart 13.) 

♦Double Chain Drive —see chart 11. 

The double chain drive is seldom use<j on pleasure cars, but is used quite 
extensively on trucks, tTrucks use chains, because ti^icks carry heavy loads 
and usually have solid dead axles. 

When, as is usual in ears of this type of drive, the engine is in front, the 
crank shaft is parallel to the sides of the car, and therefore at right angles to 
the rear axle. The power developed at the crank shaft must therefore be 
turned at right angles in order to apply it to the wheels. (See fig. 1, chart 
13.) This is done by means of bevel gears, which are in the transmission case. 

The power is transmitted from the crank shaft of the engine to the square 
shaft of the change speed gear by gears, as explained farther on. The square 
shaft carries a bevel gear that meshes with another bevel gear carried on the 
jack shaft (see fig. 1). 

The jack shaft passes across the car, running in bearings in the gear case 
and on the frame. It is held so rigidly that while it is free to revolve, its bevel 
gear is always in correct relation to the bevel gear on the square shaft of the 
transmission. 

The jack shaft is in two sections, between the inner ends of which the dif¬ 
ferential is placed, the differential, of course, being in a housing to side of 
the bevel gear that drives the jack shaft. 

At each end of the jack shaft, outside of the frame, is a sprocket which 
is in line with a corresponding sprocket on the rear wheel of that side (see 
fig. 2, chart 13). Over each pair of sprockets passes a chain that transmits 
the revolutions of the jack shaft to the wheels which run loose on the ends 
of the dead axle. 

The chain most commonly used for automobiles is called a roller chain. 
It consists of side pieces in pairs, each pair being secured to the adjoining 
pairs by rivets passing from side to side. On these rivets are steel rollers 
which revolve- as they touch the sprockets. These rollers fit the space between 
the teeth of the sprockets, and as the chain bends around the sprockets the 
rollers are stationary, while the rivets turn inside of them. 

To give the best service, chain must run true; that is, the sprockets over 
which they run must be in line, the links of the chain must fit the teeth, and 
the sprockets must be exactly circular. If the sprockets are out of line, the 
chain will be forced to bend sideways. If the links do not fit the teeth, there 
will be a grinding that will cause rapid wear, and there will be danger of the 


•For care and adjusting of chains, see instruction on trucks; also refer to this subject on 
double chain drive. 

tThe modern type of truck uses the worm gear drive. 
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chain jumping off. If the sprockets are not exactly circular, during one part 
of the revolution the chain will be slack, and during the other part will be 
drawn tight, stretching it. 

The double chain drive has advantages on heavy cars. By its use the 
weight of the car is carried by a solid or “dead” axle, which is lighter than 
a divided “live” axle of the same strength can be. If a solid axle is bent, 
it can be straightened easily, while it requires an expert mechanic to straighten 
a bent live axle. 

The disadvantages of a double chain drive are the difficulty of properly 
lubricating the chains, their rapid wear in consequence, and the liability of 
chains to stretch and jump off the sprockets. 

The worm gear drive for trucks with substantial axles of the “live” 
type are now considered superior to the double chain drive. 


Single Chain Drive—see chart 11. 

This type of drive is now seldom used, and was formerly used only for 
cars with engines of small power, in which the engine is usually horizontal, 
with the crank shaft lying apross the car and parallel to the rear axle. 

A planetary change speed gear or transmission is usually used in a car 
of this type, and its sprocket is in line with the sprocket mounted on the 
differential on the “live” rear axle (see chart 11—also fig. 5, page 47). 



Universal Joint 


Drive Shaft 


Differential' 


Clutch Pedal 


Knfrln. 


Bevel Driven 

Beref Driving Wear ’s 
Pinion" 


CLUTCH 


The modern method for driving the rear axle is by means of a propeller type of drive abaft with a 
bevel driving pinion and bevel driven gear on differential on rear axle. 

Commercial cars with shaft drive instead of double chain drive often uae the worm drive, see page 21. 


♦Propeller or Shaft Drive—see chart 11. 

In this type, a shaft connects with the square main shaft of the differential 
and is extended to the rear axle, where it ends with a small bevel gear called 
the axle drive bevel pinion. 

This driving pinion meshes with a bevel gear on the differential 
that is mounted between the inner ends of the two parts of the live rear axle, 
called the axle drive bevel gear. 

The propeller or driving shaft, always has one, and often two, universal 
joints in between the gear box and drive pinion on rear end, so that the mov¬ 
ing of the rear end as the axle receives the jolts of a rough road does not 
affect its driving. 

The bevel gears are contained within a casing or housing that supports 
the bearings for the parts of the axle, and also the end of the driving shaft, 
so that the bevels are held in the same relation to each other, regardless of 
the moving of the axle. 
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OBAXT no. 18_Explaining the Radius Rod, Torque Arm or Tendon Rod and Jack Shaft 
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The advantages of this type of drive are that all of the moving parts are 
enclosed and protected from dust, and run in grease or oil, which means 
perfect lubrication. 

The disadvantages of a divided or split rear axle, are the difficulty of 
keeping the bevel gears in exactly the correct relation to each other, because 
of the bending or springing of the axle, and the troubles that may come from 

the general weakness of 
a live axle. (This trouble 
has now been overcome. 
During the early days it 
was a source of bother.) 


fGears. 

v Bevel gears must be 
cut more accurately, and 
meshed more carefully, 
than spur gears. They 
are used principally for 
driving the rear axle (see 
page 32). 

To transmit power 
without more loss by fric¬ 
tion than can be helped, 
there must be as little 
play as possible without 
having the teeth bind. 

tThe setting of bevel 
gears requires careful ad 
justment, for if incor¬ 
rectly meshed they will 
be noisy, and will wear 
rapidly. 

popular for rear axle drives, 
above). 



DtVtL GEAR 

BEVEL. P.NION 

B-JCEHT Chain 



HELICAL OR 
SPIRAL OR 
SKEW GEARS* 
MOTE BELOW 
HOW THIS 
GEAR CAN 
BE PLACED 
RIGHT ANGU. 


DOG CLUTCH 




SILENT CHAIN 5PROCKET CHAIN 


Note the different methods of driving. Bevel gears are 
used extensively on rear axle drive systems. Worm gears 
are also, used on rear axles. Helical gears, silent chains 
are used extensively for magneto, electric starter and 
generator drives. Spur gears and the dog clutch are used 
in the gear box. 


^The worm drive gears are fast becoming 
especially on commercial cars (see illustration 

The spiral bevel, which is often referred to as helical gear is similar to 
the worm. The worm gear makes a wiping contact and the helical more of a 
rolling contact (see page 35). The “skew” gear is the same as the helical 
gear. This type gear is also used to drive ignition systems, etc. 

Silent chains are used principally for driving generators, magnetos, cam 
shafts, etc. (see index). 

Sprocket chains are used to drive the rear wheels in chain driven cars. 

^Radius rods: are mostly used, on commercial cars using double 
chain drive. They extend from a point along side of the frame in line with 
the jack shaft, thence to rear axle. Therefore they keep the chain at the 
proper tension and the distance from sprocket to sprocket the same, no matter 
how rough the road. A turn buckle is provided to adjust (see fig. 2, chart 13). 

Many manufacturers however, have now discarded the radius rods entirely. 


"Also called “strut” or “distance” rods. tSee rear axles in repair subject and supplements. 
tBevel gears for final drive are of two types; the “ordinary bevel” and the “spiral bevel” 
(often referred to as the helical). 

|In principle the worm drive is a simple arrangement; the usual bevel gear and pinion are replaced 
by a specially-shaped hollow helical toothed gearwheel and worm, the latter engaging in the teeth of 
the gearwheel, the axles of the two shafts being at right angles. When accurately made, worm gears 
ran with great smoothness and silence. The worm may engage either from above or below the gear¬ 
wheel. The angle of the wonm and gear may be aa much as 45 degrees. The worm (W) is made 
of hard steel and the wheel (B) of bronse. 
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The Torque Arm. 

A torque arm (‘‘torque” means turning movement or twist) is used on 
shaft driven cars. It extends from the cross member near the transmission 
to the housing on the rear axle, (construction varies). 

A usual construc¬ 
tion is shown in illus¬ 
tration. Note the arm 
(N), extending from 
the rear axle housing 
to a spring arrange¬ 
ment or torque pillar 
attached to a cross 
member, in line with 
the drive shaft (see 
illustration (S-N). 

On the Hotchkiss 
drive the torque and 
drive is taken through the rear springs. The main leaf of each of these is 
made strong enough for this added duty, and the construction does away with 
torsion tubes, torque arms, and radius rods. On many cars the propeller shaft 
housing is made very heavy and acts as the torque arm. 

If it were not for the torque arm, the revolving of the bevel gears would 
tend to revolve the rear axle housing, instead of revolving the axle shafts 
alone. While the construction of the rear axle would of course prevent this, 
there would be considerable play in the course of time, and the driving shaft 
might be strained and sprung out of line. The torque receives this strain, 
and protects the driving shaft. In other words it resists the torque of the 
rear axle when power or brakes are applied (see note on page 32). 

Drive Reduction. 

In all but racing cars, the speed of the crank shaft is reduced so that 
the road wheels turn once while the crank shaft revolves from three to four 
or four and one-half times with the high speed gear engaged. 

On cars with single chain drive, this is done by having the transmission sprocket 
smaller than the axle sprocket. 

If the reduction is to be three to one, that is, if the crank shaft revolves three times 
to once of the axle, the axle sprocket will have three times the number of teeth that the 
transmission sprocket has. 

On shaft driven cars, the reduction is made at the axle drive gears. The gear on the 
axle is given as many more teeth than the pinion on the driving shaft as is necessary 
for the reduction that is required. 

In the worm drive (see pages 32 and 35) the reduction is governed by the angularity 
of the teeth and not by the ratio. In other words the size of the worm could be changed 
without its changing the speed. (The angularity of course would have to be the same in 
both cases.) 

To make the point clear as to just how the speed reduction is brought about in the 
worm drive, imagine the screw thread on a vise shaft which draws the jaws together. 
If that thread is coarse or has only a few to the inch, the jaws would move towards each 
other rapidly and of course would take some power, to move it; if, on the other hand 
there were quite a number of threads to the inch the jaws would move slower but it would 
take less power to exert the same pressure. 

The reduction on side chain cars is sometimes made at the bevel driving the jack, but 
usually at the sprockets. 

Bacing cars, or high powered touring cars for use over good roads, apply this reduc¬ 
tion for the direct drive, but by the use of gears in the transmission may bring the speed, 
of the wheels to the speed of the crank shaft, or even more. 

When the “gear ratio “ of a car Is spoken of, it is this reduction that is meant. A 
car spoken of as having a “gear ratio of 3^6 to 1“ is one in which the drive shaft 
makes 3% revolutions to one revolution of the road wheels on the high gear. 
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INSTRUCTION No. 3. 

♦STEERING, SPRINGS, BRAKES: Principle of Steering. Springs 
and Brakes. 


Steering. 

The principle: Pulling on one of the reins swings the horse to that side, 
in steering a wagon. The shaft or pole is attached to the axle, and the axle 
is pivoted to the king pin, all swing with the horse. 

If you go straight ahead, the front and rear wheels of any vehicle move 
in straight lines. To make a turn to one side or the other, the front wheels 
are sw un g so that they are at an angle with the rear wheels. 

Whenever the front wheels stand at an angle with the rear wheels, the 
vehicle will turn, and it will continue to turn until the front wheels are swung 
back to a straight line again. 

In a horse-drawn vehicle, the front wheels are square with the axle, for 
wheels and axle swing together. (See fig. 1, chart 14.) 

In an automobile, the front axle does not swing, but each wheel swings 
on a pivot at the end of the axle. , 

It would not be practical to steer an automobile as a horse-drawn vehicle 
is steered, for the axle would have to be very heavy to support the weight, 
and besides, it would be so hard to swing it that steering would be difficult. 
Another reason is that the body would have to be raised up high so the wheels 
could go under it in making a short turn. 

A fixed front axle is always used on automobiles. The pivots on which 
the front wheels swing must be as close to the hubs of the wheels as possible, 
for the closer they are the less leverage there will be to overcome, tuid the 
easier it will be to steer, also less liable to break. 

When a wagon or automobile turns a comer, it moves in the arc of a 
circle. 

In a horse-drawn vehicle, the front axle, because it swings on the king 
pin, always points to the center of the circle (see fig. 1.) Notice that both 
wheels and the axle are perpendicular to the same radius of the circle in 

fig. 1. 

The front axle of an automobile is fixed and cannot turn, and therefore 
only its pivoted ends point to the center of the circle (fig. 2.) Notice in fig. 
2, that the axle does not move, but that each wheel moves. 

When running straight ahead, the front wheels of an automobile are 
square with the axle. When turning, the front wheels are not square with 
the axle* but at an angle with it. 

Because each wheel is square with its axle end, and both axle ends point 
to the center of the circle, each wheel is square, or perpendicular to, a radius 
of the circle. If both were perpendicular to the same radius, which they are 
not, the wheels would be parallel with each other. 

Thus while the front wheels of a horse-drawn vehicle are always parallel 
to each other, the front wheels of an automobile turning a comer are not 
parallel to each other on the same radius. 

*See pages 684 to 691 for "adjusting brake" and pages 691 to 698, "adjusting steering." 

Sometimes the driver will notice he can turn his front wheels farther to one side than the other. 
^Hiis is due to two causes: (1) the steering knuckle arms are not properl/ lined up; (2) the tire 
of wheel may strike the steering knuckle thrust arm. 

It is also noticeable that an automobile has a tendenoy to travel to the curb when running on the 
side of streets. This is due to the oval surface of street or if wheels are "cambered" too much, see 
page 688. 
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Showing how a Front Axle of a 
horse-drawn vehicle gives the direc¬ 
tion a horse-drawn vehicle runs. 
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Fig. 2 


Showing how the Front Wheels of 
an automobile give the direction 
the car runs. 

Front Axle. 

1— Front Axle 

2— Steering Knuckle 
a—Steering Knuckle 

Arm 

5—*, Bod 
t>—Steering Arm 
Thrust Bod 
7—Knuckle Thrust 
Arm 

Steering and Connec¬ 
tions. 

81—Steering Device 
Housing 

63— Steering Column 

64— Steering Wheel 

65— Steering Arm 
57—Spark Lever 
68—Throttle Lever 

71— Spark Lever, bell 
crank connecting 
through bevel to 
spark lever on 
Wheel 

72— Throttle Lever, 

bell crank con- 
nec ting with 
throttle lever thru 
a shaft, thru 
steering column, 
with t h r o 11 le 

lever. 68 

W—Worm Wheel 
S—Sector. 


Spark Lever (67) connects by a rod (which runs through the hollow steering post) 
and operates through bevel gears the Bell Crank (71), which in turn operates the timer 
on the engine or contact box on magneto, and advances or retards the spark in 
cylinders of engine 

Throttle Lever (68) connects by a rod, through bevel gears, and operates the bell 
crank (72), which in turn is connected by a rod with the throttle valve on the carbure¬ 
tor, and controls the speed of the engine by opening and closing a valve which 
admits or cuts off the gas supply. 

OHART NO. 14—Explanation of Steering*, Steering Gear, Parts and Connections. 

Spark and Throttle Lever System on the Steering Device. 
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The steering mechanism must be so arranged that the front wheels are 
parallel when the car is running straight ahead, but stand at an angle with 
each other when turning a comer. 

Each of the pivoted axle ends (2), which are called steering knuckles, 
has a steering arm (3 and 4) projecting from it. I 

The ends of these two arms are connected by a rod called a drag link or 
tie rod (see fig. 5). When the drag link is moved endways, both wheels 
move with it. 

The two steering arms are not parallel, but incline a little toward each 
other. If they were parallel, the two wheels would be parallel, no matter how 
the drag link was moved. As they are not parallel, moving the drag link 
moves one of the wheels through a greater angle than the other, depending on 
the direction the drag link is moved. 

The old style of steering arrangement was a lever and rod running from 
the driver’s seat to the steering knuckle. This old style arrangement would 
reverse and was unreliable. In striking stones or ruts in the road the wheels 
could be thrown from side to side, and the driver would be obliged to grasp 
the steering lever firmly to keep the car straight. 

A bad place in the road might throw the handle out of his hand. While 
this is good enough for a light slow speed runabout or electric vehicle, it 
would be very serious with a large, heavy automobile. 

A device must be used that will swing the front wheels when the steering 
wheel is turned, but that will keep the front wheels steady, and prevent their 
moving the steering wheel. 

This is called an ^irreversible steering gear, and while it is made in many 
ways, the chief types are the worm-and-sector, and the screw-and-nut or 
worm-and-nut, all shown in chart 14. 

The worm-and-sector type consists of a worm (w), which is attached 
to the lower end of the rod moved by the steering wheel (64). Meshing with 
the worm is a sector wheel (s), so that turning the steering wheel turns the 
worm, and moves the sector wheel. 

Attached to the sector is an arm (65), which is connected to the steering 
knuckle by the connecting arm or rod (6). The end of arm (65) and arm (7) 
are ball shaped, and fit in a socket on the end of rod (6) so that the fit is 
always tight, whatever the angle between the arm and the connecting rod 
may be. The socket is often movable, with strong springs on each side to hold 
the parts together, and to take up some of the shocks of the road. 

The worm and sector are contained inside a metal case to protect them 
from dust, and to hold the grease in which they are packed. 

The worm-and-nut type • steering gear shown in chart 14, has a nut' 
through which a worm passes. Instead of a “sector” the nut is used. 

The worm is fastened to steering rod. Turning the steering wheel moves the 
nut up and down. 

One arm of a lever fits in a groove on the outside of the nut, and the 
other end is connected to the steering knuckle by a connecting rod. Steering 
gears are usually built so that wear can be taken up. 

The breaking of any part of the steering connections is more likely to 
cause a wreck than the breaking of any other part of the car, and must be 
watched carefully. The parts must be kept tight enough to prevent play, but 
must not be so tight as to make steering hard. All parts must be kept lubri¬ 
cated, and the connecting rod, tie rod and knuckle joints are usually packed 
in grease and protected from dust by leather pockets that buckle over them. 
n * 

*A steering gear is said to be irreversible when an ordinary road wheel impact will be insufficient 
to turn the steering wheel. This is simply a question of reduction between the steering worm and 
gear, the greater the reduction, the less reversible the system and likewise the slower the motion 
of steering the road wheels in relation to the movement of the steering gear. Therefore a heavy 
car will be normally less reversible than the steering gear on a lighter car. A I 
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rig. 8. The Hartford Friction Type 

8hock Absorber. 

Briefly describing the Hartford friction 

type—consists of a single arm. A, and a double 
arm. B, frictionally joined by bolt, 0, and ad- 
justing nut, H. Arm A works between the 
two members of arm B, firing a straight up* 
and-down movement, and the arm A being 
made of spring steel allows for any side-sway. 
The arm A carries a flanged cover, D, forming 
a cup-like space on each side. In these spaces 
are placed the friction plates, which are self* 
lubricating and highly impervious to wear. By 
•crewing sufficiently on adjusting nut, H, any 
desired degree of friction may be obtained. 

An adjustment dial, F, and indicator, Q, pro- 
ride means of securing the correct tension for 
the ear. A spider compensating spring, E, 
takes up any little wear automatically, keeping 
the frction uniform after the adjustment has 
.been made. 

The arms A and B are joined to the frame 
and axle by two frictional joints, which also 
•an be regulated. 


Fig. 7: Air Spring or Plunger 
Type Show Absorber. 

It consists of an air chamber 
made up of two sections, one, of 
which telescopes into the other. 
The outer section is attached to a 
bracket on the frame of the car, 
(A). The inner section is at¬ 
tached to one end of one of the springs, (B). 

The chamber is partly filled with oil, through the filling- 
plug hole under the cap (0). The filling-plug is fitted with 
an ordinary Schroder tire type of air valve through which 
the chamber may be charged with air at any desired pres¬ 
sure, by means of an Ordinary tire pump. 

The oil in the chamber seals the packings of the tele¬ 
scoping joint and prevents the air from leaking out. 

The mechanism insido the chamber is a small* oil pump 
which is worked automatically by the up and down flow of 
oil past the flat piston (D), whenever the Air Spring ia 
compressed or extended. A trifling amount of oil which is 
always passing by the packings when in motion beeps them 
thoroughly lubricated. The surplus drains into a collecting 
pocket, and the automatic oil pump delivers it back into the 
cushion chamber. 

The oil passage surrounding the piston D is purposely 
restricted in order to retard the quick reaction of the spring, 
and thus prevent the disagreeable and dangerous catapult ef¬ 
fect thst is so apt to throw passengers from their seats 
when the csr is passing over * 'thank-you-ma'ams, ’ • car tracks 
or other road obstructions. 

All of the time that the spring Is in action, air ia botng 
drawn in through filtering material in tho " br e ather * * BE 
and blown out through suitable passages in such a way as to 
keep the telescoping joint free of dust and dirt. 


OHABT NO. 16—Springs. Shock Absorbers. 
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♦Springs —see chart 15. 


All vehicles intended to move at more than a very slow speed must be 
provided with springs. Springs not only protect the occupants from the vibra¬ 
tions of a rough road, but also keep the machinery from being shaken to pieces. 


The size and strength of the springs depend on the weighl of the vehicle. 
Springs that are too weak will not give sufficient protection and if they are 
too strong they will not have enough resiliency.. 


Types of springs in general use are : Pull elliptic, three-quarter elliptic, 
half elliptic and cantilever. 




The three-quarter elliptic rear 
spring. A type seldom used. 


The fun-elliptic was formerly used on a great many 
cars for the rear, as per fig. 1. In some instances it was 
used in front. 

Other typeB of rear spring suspension are shown in 
figB. 1, 2 and 3, also the cantilever, fig. 4. 

The cantilever spring system (fig. 4) is probably the 
most popular present day practice. The illustration 
shows how it compares with the ordinary half-elliptic 
principle shown in fig. 3. 

In the cantilever spring the forward end is shackeled 
and the axle attached to the rear end. The center of the 
spring is attached to a trunion or bearing on the frame. 
Thus the spring has a certain amount of movement about 
its* center. One good feature of this form of spring is 
that it reduces the unsprung weight of axle. The shaded 
parts of the respective springs show the comparative 
amount of unsprung weight. In the cantilever form of 
spring the heaviest part of it is supported by the frame. 

The half-eUlptic spring (upper fig. 8) is used to a 
great extent for the front. 

•Breakage of a spring means breakage of one or more 
of the leaves. Breakage almost always occurs in the ex¬ 
pansion that follows a heavy compression, and not dur¬ 
ing the compression. In other words, it is the rebound 
that breaks the spring. 

Because the leaves slide on each other, they will 
wear and squeak if not properly lubricated. 

To lubricate between the leaves it is necessary to 
relieve them of the weight they carry. This may be 
done by jacking up the body, or taking the springs apart, 
and spreading heavy grease or graphite on the leaves. 
This is quite a job and is seldom done (also see index 
* 1 lubricating springs. ’ ’) 


Shock Absorbers —see chart 15. 

As breakage will come during a rebound, devices called shock or jolt 
absorbers are attached to the springs to check their up movement, also to 
prevent jolting on rough roads. 

There are two types of shock absorbers in general use; the friction type 
and the air or plunger type. 

The Motion type is shown in fig. 8. All these movable frictional parts offer a con¬ 
stant resistance to the vibration of the spring both ways, and it is easy to see that when 
the wheel strikes an obstruction, the arms come together, but instead of the flying back, 
as does the free spring, it is retarded by the friction and moves gradually to its normal 
position, since the friction is always the same, while the tension of the spring diminishes 
as it approaches its normal position. 

The air or plunger type is shown in fig. 7 chart 15. There are other types of plunger 
type shock absorbers, but the two mentioned are most popular. 

*8ee repair subject for repairing springs. 
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STEERING, SPRINGS AND BRAKES. 

♦Brakes —see chart 16. 

An automobile is equipped with brakes, usually on drums on the rear 
wheels, so that its motion may be checked or stopped when running or so 
that it may be held on the side of a hill~ 

In a horse-drawn vehicle with steel tires, the brake shoes press directly 
on the tires, but as this would quickly ruin rubber tires, brakes for automo¬ 
biles are of other types. 

Because* of the weight of an automobile, its brakes must be powerful in 
order that it may be stopped suddenly when necessary. 

Practically all automobiles are fitted with two sets of brakes, called the 
running service or foot brake and the emergency or hand brake. * 

♦The foot brake is applied by pressing on a foot pedal (16) and is the 
one most in use because of its convenience, and because it is used most when 
running. The foot brake is also called the service brake. 

The usual method of connecting the running, service or foot brake is by 
a contracting band on the outside of the brake drum on rear wheel hubs called 
the external contracting band brake. 

The emergency or hand brake is usually applied by a lever (17) at the 
side (or center) of the driver's seat, so placed that he may apply his whole 
force to it. The emergency brake is seldom used while running. It is usually 
applied when the car is left standing, in order to keep the car from rolling 
down an incline. It connects in almost every instance with the internal ex¬ 
panding brake inside of the brake drum on rear wheel hubs, but occasionally 
will be found connected by a contracting band over a drum mounted on the 
main transmission shaft. 

The foot brake pedal is the right pedal on most all cars, see “operating 
a car." 


Types of Brakes. 

Therefore summing up the types of brakes we might say there are but 
two distinct types in general use; the external contracting and the internal 
expanding type. 

The external band brake is a flexible steel band faced with an asbestos 
composition—called Raybestos or Multibestos. 

Setting the brake causes friction between the brake drum and the lin¬ 
ings, hence the use of asbestos composition. 

Band brakes are of two kinds: Single acting and double acting, the 
latter being an improvement over the former. 

The single acting band brake (fig. 1, chart 16) only binds when the drum 
is revolving in one direction, having very little grip when the drum is re¬ 
volving in the same direction in which the band is being pulled. This form 
is going out of use for automobiles, for it cannot be depended on to hold the 
car from running down hill backward. 

The double acting band brake (fig. 2), is taking its place, for it holds 
with the drum revolving in either direction. In this form, both ends of the 
brake are attached to the lever or pedal, and so arranged that while one end 
is being pulled in one direction, the other end is being pulled in the opposite 
direction. This binds on the drum so tightly that it may be depended on to 
hold the car in any position. 


*The running brake is now known as the “foot brake.’* The emergency brake is now properly 
called the “hand brake. 11 

See repair subject for repairing, relining and adjusting brakes (see index). 


A I 
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The brake shoe is a band that may either be drawn around the outside 
of the drum, called the external band brake, or expanded within it so that 
it bears against the inside wall of the drum, called the internal exp andin g 
brake. Sometimes the internal brake is made of metal. 

The external type of brake is usually of the double acting band brake 
type, and is always placed on the outside of the brake drum attached to hub 
of rear wheels. 



FIG 7 


Fig. 7.—A combination of an Internal 
expanding and external contracting brake 
system on brake drum of rear wheel hub. 
OB is the outer or external and IB is the 
inner or internal. B is the hand brake 
rod operating the internal brake. H. foot 
brake rod operating external brake. Ad¬ 
justment of external brake is made at F. 
G and C. Adjustment of internal or hand 
brake is at A. It is turned up or lowered 
so as to have 1 64 inch clearance between 
brake drum and brake. (See page 691 
for “adjusting brakes” for further in¬ 
formation.) 


The internal expanding brake acts on 
the inside of drum (IB, fig. 7) and may be a 
metal shoe or metal faced with asbestos 
composition, but more frequently a band 
faced with an asbestos friction composition. 

The internal band brake formerly con¬ 
sisted of two shoes of metal, but the modern 
form is shown in fig. 4, chart 16. When the 
lever (-B) is raised the wedge (C) forces the 
internal brake against the inside of the .drum. 
This brake shoe is lined with Raybestos or 
some similar material. 

A combination of internal expanding 
and external contracting brakes are shown 
in fig. 4, chart 16. Lever (A) operates the 
external brake and lever (B) the internal 
brake. (See also fig. 7 this page, and page 
689). 


Brake Connections. 

There are two methods usually employed for the hand brake; (1) by con¬ 
necting hand lever with the brake on transmission shaft; (2) by connecting 
with the internal expanding brake inside of drums on the rear hubs. This 

— latter method bemg the one in general use. 

The foot brake on most all ears connects 
with the external band brake on rear brake 
drums. It is used most and requires more 
attention. 

Brake Equalisers. 

When the foot brake pedal or hand 
brake lever is applied, the pull should be the 
the same on each brake on each wheel. If one 
brake rod is longer than the other the brake 
effect is not equal on both wheels, and this 
has a tendency to make the car skid. 

To overcome this, a brake equalizer is 
used, the principle of which is shown in figs. 

__ 5 and 6, chart 16, and page 204. This is a 

rather crude illustration m chart 16, but it clearly explains the principle. In 
ehart 100 the idea is more clearly explained. The brake equaliser, however, 
baa Kpftn greatly improved as shown in illustration, fig. 8. Also page 32. In- 
SLfS SI quaver Se rods (R) are placed in bearings and the rod (F) 
connects withfoot brake and rod (H) with the hand brake. 

If a brake squeaks, it is an indication that it is dirty and n*eds cleaning 
rr, Ti “ ", aiTvwvrns in the surface of the lining and glazes it over. Qaso- 
£. £ bettg ^kerosene will remove the dirt The wheel ehould be removed 
SS ttihatogaSned with a stiff brush, such as a tooth or u.d brush. 



Fig. g # —Note modern method of con¬ 
necting the two brake* in rear. 
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INSTRUCTION No. 4. 

AXLES, DIFFERENTIAL OR COMPENSATING GEARS, 
BEARINGS: Front Axles. Rear Axles. The Differential: 
principle and application; the bevel and spur gear. Bearings: 
ball and roller. 


Front Axles. 

The front axle of a modern car carries most of the weight of the engine, 
and must at the same time withstand the shocks and jars that it receives 
through the steering wheels; it must therefore be strong and stiff. 

Front axles are of two types: tubular 
and solid (figs. 1 and 2). Formerly 
axles were made of heavy steel tubes, 
but steel drop forgings with a cross-sec¬ 
tion of the form of the letter I, is con¬ 
sidered to give better results. 

The center of the axle is usually bent 
down, so that it is the lowest point of 
the car except the wheels; this is done 
in order to protect the mechanism from 
being struck by high spots in the road. 
A rock or stump standing up high 
enough to hit the fly wheel, will first 
strike the axle, which is strong enough to withstand a blow that could easily 
damage the engine. 

The steering spindles are that part of the front axle on which the front 
wheels revolve and are made of nickel steel, heat treated. The steering 
spindles are sometimes fitted with either roller or ball bearings. The steering 
knuckle is that part which fits into the yoke of the axle. The steering arm 
(65) of the device (page 24) connects with the steering knuckle thrust arm 
(7), and movement of steering wheel, then guides the direction of the wheels. 

♦Rear Axles. 

There are. two types of rear axles; the dead axle and the live axle. 

Dead axles are stationary, with the wheels running free on the end of 
axle, and are usually made as shown in fig. 3. The wheels are usually revolved 
by chain and sprocket (see charts 11 and 13), and there is no provision in axle 
itself for driving wheels. 

Live rear axles is the name given to axles that revolve with the wheels, 
and are known as plain live axle, semi-floating axle, three-quarter floating 
axle, full-floating axle. 

A live axle on any type is made in two sections, the differential be¬ 
ing placed between its inner ends, this makes it necessary to support the axle 
parts in a strong housing and to brace it, in order that the parts of the axle 
do not sag or get out of line. * 

The axle is contained in a housing which is a metal cover entirely sur¬ 
rounding it; the differential gear, which is in a smaller housing of its own, 
being also inside of the axle housing. The housing extends to the wheels, 



*8ee index for “axles, front and rear, adjusting, removing,” etc. 

See index for * 'Standard Adjustments of Leading Oars” for type axle used on different ears. 
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bearings. (D) bevel driving pinion. (E) large bevel. (F) differential gear. (Q) half 
of driving axle. (H) tubular outer casing or sleeve. (I) ball bearing for wheels. (J) 
driving ends of axle (squared or keyed). (K) roller bearings in differential case, (I») 
drum of internal and external brake. (M) hub of detachable wire wheel. (N) casing 
enclosing bevel gear and differential. 

Note—The power is transmitted from driving bevel (D) to large gear (E)—this being bolted 
to the case of the differential (F)—thence by the inside pinions to each half of driving axle. It ia 
usual to ' 'anchor* * the outer casing enclosing the differential gear to the chassis by means of torque 
or hound rods bolted to the upper and lower points of the gearcase which counteract the tendency 
for the whole casing to twist round from the reaction of the driving effort. On some cars the rear 
springs are made to serve as torque rods. 



Fig. 2—Full floating live rear axle with roller bearings. 


OHABT NO. 17—Bear Axles. 
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and is enlarged at those points to take the ball or roller bearings. These 
bearings run between the axle and the inner side of the housing, or as shown 
in figs. 5, 6 and 7. 

There are also bearings at the inner ends of the two parts of the axle, 
close to the differential. The axle housing of this type must be heavy, as it 
supports the weight of the car. 

Types of Rear Axles Explained. 

Plain live axles : have shafts supported directly in the bearings at center 
and at ends, carrying a differential and road wheels. This type is now prac¬ 
tically extipct. 

♦Pull floating type of rear axle: the weight is taken from the axle, and 
supported on the housing through which the axle passes (fig. 5). 

The hubs of the wheels are outside of the housing, and the bearings are 
between the inside of the hub and the outside of the housing (fig. 5). 

The axle passes through the housing, and the ends that project are square; 
over these square ends fit caps that screw or are bolted to the outside of the 
hub. Thus when the axle revolves, the caps transmit the movement to the 
wheels. As the wheels run on the housing, the housing supports the weight, 
the axle serving only to turn the wheels. By removing the caps, the parts 
of the axle may be drawn out without removing the wheels, which hold up 
the car whether or not the axle is in place. 

By jacking up the car to take the weight from the wheels, they may 
be drawn off the housing. The live axle is not continuous, but is divided in 
the center (see chart 18). 

In the 4 ‘semi-floating’* type, more properly 
called the “fixed hub” type (see figure 6), the driv¬ 
ing shafts turn freely within the housing. At their 
outer ends they are fixed in the hubs of the wheels 
and carry the bending stresses as weU as the torque. 
The hub of wheel in figure 6 is fitted to shaft with 
Woodworth keys and nut (N) which serve to secure 
wheel to shaft. Hub cap is merely a protection to 
end of hub. 

In the 4 ‘three quarter floating” (figure 7) or 
better the “flanged shaft” type, the housing ex¬ 
tends into the hubs of the wheels as in the “full 
floating” type, but the ends of the driving shafts 
are connected rigidly by flanges with the wheels so 
that the shafts take almost all the bending stresses 
and all the torque. In the flanged shaft axle, espe¬ 
cially when only one bearing is used under the cen¬ 
ter of the wheel, the stresses are quite similar to 
those in the fixed hub type. 

In the “full floating” type of axle (figure 6) 
all the bending stresr due to static force and skid¬ 
ding force is carried by the housing. The driving 
shafts turn freely within the housing and bear only 
the * * torque * * or stress of turning the wheels. The 
shafts are said to float within the housing. 

In the full floating axle the shafts can be more 
easily removed for repairs. This is an advantage. 
It is necessary to make the full floating somewhat 
heavier than the fixed hub type for the same capacity. 

# 8ee also index for 1 ‘axles, full floating;" and "removing axles." see page •••. 

In the foil floating axle the entire differential can be removed by unscrewing 4 bolts (star 
cover plate is removed). In the % floating, two gears must be removed first, before differential 
eon be taken out, and in the semi-floating, the entire housing must be removed from car. 
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Fig. 1.. .Expalning how the bevel gear type of differential is connected to the bevel drive (B) 
gear on the rear axle inside of the housing. A—is the floating type of rear axle which is not solid bat 
split in the center. E—is a small bevel gear on end of axle which meshes with small pinions. D— 
pinions revolve on a spindle which is attached to a housing cast or bolted to the large bevel drive 
gear R. R—is the large bevel drive gear which is driven by the drive pinion P. P—is the drive pin¬ 
ion connected with the drive shaft. O —is the other half of the rear axle which has* on its end the 
bevel gear 0. 0—meshes with the gears D just the same as the other half of axle. 



Cf44 MttttHiSfXl 


Fig. 2. Shows the construction of the bevel gear type of differential. 



must turn faster than the inner wheel (B). Therefore a gear to allow for this compensation of the 
variation is embodied in the differential gear. 


GHAUT NO. 1ft—Differentials: The Bevel Gear Type and the Spur Gear Type. Dif¬ 
ferentials are sometimes called Compensating Gears. 
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Types of Rear Axle Drive Gearing:. 

The different types of live rear axles can be driven by bevel gears, spiral 
or helical bevel gear, worm, double reduction gear or single chain. 

The straight tooth bevel gear is the most popular type for 
pleasure cars. 

The power from the engine is transmitted at right angles 
to the rear axle and the road wheels by means of a bevel gear. 
This consists of a small bevel pinion (P) meshing with a 
similarly toothed wheel, but much larger in diameter and 
known as the axle drive bevel gear (W). The ratio of 
the diameters of these gears ranges from 3% to 1 to 4% to 
1, and this ratio determines the “high gear” or direct drive 
of the car. The conical shaped box or casing in the 
center of the drive gear contains the differential gear. The 
thrust or pressure between the two bevel gear wheels is very 
severe and this thrust-friction is taken by the ball bearings 
which are shown at “C,” top of page 32. 

The spiral or helical tooth bevel gear is also being used 
on pleasure cars to a considerable extent. This type if accur¬ 
ately made is very silent. 

In a straight tooth bevel gear any given tooth goes in and 
out of mesh at one time along its entire length. In the helical 
bevel the meshing starts at one end of the given tooth and 
gradually moves towards the other end. Therefore, two heli¬ 
cal teeth are in mesh at all times. 

The worm and worm gegr is used quite extensively on 
electric and commercial cars or trucks where a large reduc¬ 
tion of gearing is necessary. It is replacing the double chain 
drive. It is made with the worm overhead, or underneath. 
The worm drive is very quiet and efficient. Worm gearing is 
destined to become, popular on the gasoline pleasure car also. 
(See fig. 4, page 32, and page 14.) 

Double reduction gearing refers to the type formerly used 
on the Cadillac. See index for “two speed rear axle.” 

Single chain drive is now obsolete. An illustration is 
shown in chart 17, fig. 3, page 32. 

♦The Differential— also called Compensating Gear. 

Purpose: It is necessary to fit an automobile with a differential or compensation 
gear, in order that the rear wheels may revolve at different speeds when the car turns a 
corner, while at the same time both are being driven by the engine. This gear is auto¬ 
matic, and operates according to the resistance of the road against the wheels. 

Principle: There is more resistance to the turning of the inside wheel than the out¬ 
side wheel, when car is turning, consequently the outside wheel may revolve faster. It is 
necessary for the outside wheel to revolve faster, because it has a longer distance to travel 
than the inside wheel. The same applies to a wagon, but the wagon wheels run free on 
the axle, therefore a compensating device is not necessary. 

See fig. 3, page 34, and note that if car is turning to the right, the wheel A, must 
revolve faster than wheel B. Also refer to fig. 1, and note that axle shaft A being attached 
to wheel A, must revolve faster than axle shaft B, when turning to the right and vice 
versa if turning to left. Therefore, to compensate for this difference in speed of the two 
wheels and axle shafts, bevel gears (E and C fig. 1) are placed on the ends of the axle 
shafts, which mesh with the small bevel gears, called compensating gears (D, fig. 1), which 
are free in bearings on housing or differential case attached to drive gear B, fig. 1. 

As long as car travels straight ahead and resistance of both rear wheels is the same, 
these gears (D) do not turn, but when car turns then greater resistance is offered to the 
inside wheel, therefore, the compensating gears (D) turn, permitting the outside wheel to 
revolve faster than the inside wheel. In fact, the inside wheel could be stationary or re¬ 
volve backwards'if necessary. 

A study of figs. 1 and 2, page 34, will make this principle clear. Note drive of rear 
axle is through the drive pinion P, to gear B, (fig. 1), thence through differential case 
attached to it, then compensating gears D, to bevel gears (E and O) attached to ends of 
the rear axle shafts. 

9 _ 

When a double chain drive is employed, the differential is placed on the jack shaft 
as shown in fig. 1, page 20. The jack shaft is in two parts similar to axle, fig. 1, page 34. 

See pages 669 and 782 “Pointers on Removal of Differential." 



Pig. 1.—Straight tooth 
bevel gears. . 



Pig. 2.—Spiral tooth 
bevel gears. 



Rig. 8.—The worm 
type of gear. The 
worm (W) can be 
overhead or under¬ 
neath worm wheel 
(B). 


36 


DYKE’S INSTRUCTION NUMBER FOUR. 


/ 


♦Bearings. 


Every part of the *car that moves with a 
rotary, sliding or other motion is supported 
in bearings, which together with proper 
lubrication reduce wear and friction. 

There are three different types of bear¬ 
ings in general use; the plain, roller and 
ball bearings. 

Bearings are called upon to do two kinds 
of work; to take a radial load or a thrust 
load or a combination of both. 


The groove in the race and roller, fig. 11, 
take the thrust load as well as the cone 
shape of race. 



A radial load is load or pressure perpen¬ 
dicular to ’ the shaft supporting the load. 
For instance, the wheel bearings of an 
automobile, when running on a perfectly 
level road are subject to radial loads. 

Thrust load is a load or pressure parallel 
to or in direction of the shaft. When the 
automobile strikes a curve a thrust load is 
imposed on the bearings in the wheels— 
that is, to the side or endwise. 



+We might Illustrate the relation between thrust 
and radial loads in this way: A man could be 
considered as being subjected to pure radial load 
when walking on an absolutely level surface, fig. 
8, but when this man walks along a hillside, with¬ 
out either ascending or descending the hill, as 
illustrated in fig. 9, he is subjected to a combina¬ 
tion of radial and thrust load; the thrust load hav¬ 
ing a tendency to push him down the hill. 

If a straight roller were called upon to take a 
thrust load as well as a radial load, it might be 
compared to the man in fig. 10, he would need 
a crutch to prevent his toppling over. Therefore 
a ball thrust bearing (fig. 7) would be necessary 
at end of the straight roller bearing, per fig. 12. 

Plain bearings are usually on the main 
crank shaft, cam shaft and connecting rods 
of an engine and take a radial load. 

Plain bearings can also be designed to take 
thrust loads. 

Boiler bearings 

are used in the 
wheels, rear axle, 
transmission and 
other places and 
when straight, as 
per fig. 2, they 
can only take a radial load. The roller 
itself runs over an inner race and inside of 
an outer race, case hardened. 

When a roller is tapered, it runs over a 
cone type hardened race (fig. 1), and inside 
of a outer race, arranged as 
per fig. 11 and page 687. This 
type of roller bearing will take 
a radial and a thrust load 
without the use of a separate 
thrust bearing. 


inner race 




A straight roller bearing, to take a thrust 
load as well as a radial load, would require 
a separate thrust bearing, fig. 12 and fig. 9, 
page 676. 

Ball bearings are also used on the wheels, 
rear axle, transmission and other places. 

They are di¬ 
vided into 
three gen¬ 
eral classes; 
cup and 
cone, annu- 
1 a r and 
thrust. 



The cup and cone bearing is shown in fig. 
4, and is used on many cars in the front 
wheels. This type of bearing is used ex¬ 
tensively on bicycles. It is designed for 
radial loads but is capable of withstanding 
considerable thrust also. It is adjustable. 


The annular ball 
bearing is a bear¬ 
ing with an inner 
and outer race, 
which is grooved 
and hardened. They 
are not adjustable. 
This type can be a 
* 1 single row ’ ’ of 
balls, per fig. 3 and 
5, or 41 double row , 9 9 
fig. 6. The single row takes a radial load. 

The races of the double row are so shaped, 
that it will withstand considerable thrust as 
well as a radial load. It is used where 
space would not permit the use of a separ¬ 
ate radial and thrust bearing. 



An example of where a bearing of this type ia 
used is shown in fig. 4, page 32. Note the double 
row bearing is shown on the rear end of the 
worm taking the thrust (which .is considerable), 
and also takes a radial load. 


The ball thrust bearing is shown in fig. 7. 
This bearing. can be used only where the 
load or stress is strictly a thrust or end to 
end load. 

This type is often used in clutches and is ex¬ 
tensively used on the propeller shaft driving the 
propellers of motor boats. 

The two parts the balls touch are called 
races. The one or two balls at the lower side 
support the entire weight and must be strong 
enough to hold up without being crushed. 
In automobiles, the balls are large and run 
in size up to 1 in. di. hardened and polished. 

Sometimes balls wear fiat or crack; if so 
a click will be heard and must be replaced 
with perfect balls at once. 


♦See page 681 “adjusting front axle bearings’’ and page 669, “removing rear axle shafts.’’ 
fFrom Automobile Digest. 
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INSTRUCTION No. 5. 

* CLUTCHES: Cone Disk and Plate Clutch. Universal Joints. 

Purpose of the Clutch. 

The word “clutch” as used in connection with automobiles, indicates a 
device attached to cars having change speed gears of the sliding type, which 
permits the engine to be connected with, or disconnected from, the trans¬ 
mission, so that the car may or may not move while the engine is running. 

The clutch is connected and disconnected from fly wheel of engine by a 
foot lever. 

When disconnected from flywheel of engine then there is no connection 
between the engine and rear axle. 

When clutch is connected with flywheel of engine then the power of en¬ 
gine is connected with rear axle— if the gears of transmission are not in 
“neutral” position. 

If gears are in neutral position then the power of engine would end at the 
end of the secondary shaft of transmission (see page 38). 

While other types of transmissions require clutches, they are of special 
kinds, and will not be referred to in this lesson. (The Ford, for instance, uses 
a different principle.) 

Because a steam engine has behind it the pressure of the boiler, it can 
be called on to supply much more than its regular horse power for short 
intervals. 

A gasoline engine has no reserve power to call on, and cannot deliver 
more than a fixed horse power. 

When the gasoline engine is required to start the car, it must overcome 
the inertia of the car. This might be greater than the power of the engine 
could accomplish, and the engine might be stopped instead of the car being 
started. 

If the clutch made an immediate connection between the engine and the 
drive, the power of the engine would have to instantly overcome the inertia of 
the standing car. 

The power of the engine coming from the revolving of the fly wheel, 
and the explosion that might be occurring in one of the cylinders, it would 
probably be stopped instead of the car being started. 

If, however, the clutch is made so that the engine takes hold gradually, 
the inertia of the car will be overcome, and it will move faster and faster 
as the clutch permits the engine to apply its power more and more. 

This is done by making the clutch in such a way that when it is applied, 
it slips, instead of instantly making a connection between the engine and the 
. drive. 

When the clutch is “let in,” it connects the crank shaft of engine through 
the fly wheel with the transmission through the clutch shaft, and if the gears 
are in the “neutral” (gears out of mesh) position, the counter or secondary 
shaft in the gear case of transmission will revolve without moving the car. 
See illustration page 50. 

Clutches have two chief parts; one part (usually the flywheel, see chart 19, fig. 1), is 
attached to the crank shaft of the engine, the other part (cone or disk or plate) is at¬ 
tached to the clutch or main shaft of the transmission (see page 48, fig. 1). (134.) 

When the two parts are separated, that is to say “clutch thrown out” by the dutch 
pedal, they are independent of each other and the engine can run without moving the car. 


‘See Dyke's working model of the clutch and gear box. For repairing clutches, see index. 
For make of cluteh on different cart, see "Specifications of Leading Oara"—page 548. 
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CHART NO. 10—Explaining the Purpose of a Clutch and how the engine can run yet not drive tin 
ear. Explanation of “clutch out” and “clutch in.” 
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Fig. 2—Illustration explains how the power is transmitted from engine to clutch, thence to secondary 
or counter shaft. Note the drive parts are clutch, clutch shaft, drive gear (O), secondary shaft drive gear 
(8) and gear on secondary shaft. The driven gears are the sliding gears on the square shaft (T). 
Note power to rear axle is disconnected at points (P) when clntch is “out;” at (Y) as explained above, 
when clntch shaft turns free in hub of fly wheel and at (Z) when the drive and drtven gears are in “neu¬ 
tral" or not in mesh. 

Clutch action: Note the power from engine is transmitted to the elutch shaft only 
through the clutch when in the rim of the fly wheel (if disk or plate type, then by the 
disks or plates as explained under that type of clutch). 

Observe that there is no shaft connection at (Y), but clutch shaft runs free at all times 
in hub of fly wheel. The cone part of clutch Is connected with the clutch shaft so that 
when cone turns, clutch shaft must also turn. But observe that the eone slides on the 
square part of clutch shaft so that it can be pushed out by pedal or In by the spring. 

When friction part of cone is out of fly wheel— power ends at the ily wheel. 

When clutch is in, then power ends at the end of the secondary or countershaft—if gears 
are in “nentral.” 

Turn to page 48 and study the meaning of 4 ‘neutral” and see in figs. 1, 2 and 3 how 
the rear axle is made to revolve. 
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When the two parts are connected, that is, when the clutch is “let in” by re¬ 
leasing the clutch pedal, the part on the transmission shaft is forced into a frictional 
contact with the part on the crank shaft or flywheel by means of a powerful spring and 
held there. The two parts being thus connected forces the transmission to revolve with 
the engine and so drive the car, if gears are not in “ neutral” as has been explained. 

The part on the crank shaft does not grip the part on the clutch or transmission shaft 
immediately, unless they are moving at the same speed. 

If they are moving at different speeds, which is usually the case, or when the part on 
the transmission is stationary, the two parts slip. This slipping cantinues until the two 
parts revolve at the same speed, when they bind together firmly. When “thrown out” 
they must separate instantly. 

A disk or any other type of clutch used with the gear type of transmission is placed 
in the same relative position; back of fly wheel, between the fly wheel and gear case. 
Although the construction may vary, the reader will note that the clutch principle Is nec¬ 
essary on all cars. 

Clutch pedals—The left foot pedal on all cars of standard design, is the clutch pedal 
and on the right the foot brake pedal. See “operating a car.” 

Types of Clutches. 

There are four types of clutches in general use; the cone, disk, plate, and 
fexpanding type. 

The disk clutch (formerly called the multiple disk) is a clutch with more 
than three disks and can be a lubricated disk clutch or dry disk clutch. A 
plate clutch is one wherein one plate is clamped between two others. 

♦The Cone Clutch— see chart 19. 

This type of clutch is built into the fly wheel, and the fly wheel forms 
one of its parts. The rim of the fly wheel is broad, and the inside of the rim 
is made slightly funnel-shaped, forming the surface against which the other 
part of the clutch presses (fig. 1, chart 19). 

The cone; the other part, called the “cone,” is, as its name indicates 
cone-shaped, and fits into the funnel formed inside the fly wheel rim.. The 
surface of the cone that bears against the fly wheel is often covered with 
leather to give good grip (one large manufacturer uses fabric running in oil). 

The hub of the cone has a square hole, so that while it may slide on the 
square part of the clutch shaft which connects to the transmission sleeve 
(see 134, fig. 1, page 48), still the cone and shaft must revolve together. The 
forward end of the clutch shaft rests in a bearing formed in the hub of the 
wheel, so that it is supported, and yet may revolve independently of the fly 
wheel. 

A heavy spring presses the cone against the seat formed in the rim of 
the fly wheel. 

When the clutch pedal is pressed forward, the cone slides on the shaft 
away from the fly wheel, and separates from it, the spring being compressed 
(see fig. 1, page 38). 

When the clutch pedal is released, the spring presses the cone against its 
seat, and if the crank shaft and sleeve are not making the same number of 
revolutions, the cone will slip. This friction makes the cone act as a brake 
on the crank shaft, slowing it, and at the same time the cone and sleeve are 
speeded up, so that the cone and fly wheel come to the same speed. 

Olutch Operation —cone type as an example. 

Pig. 2, page 38 (also page 50) —note the power from crank shaft of en¬ 
gine is transmitted to the clutch through friction connection with fly wheel, 
thence through gears, thence to drive shaft to bevel gear drive on the rear axle. 

If engine is running, clutch could be “in” if gears are in “neutral” (not 
in mesh). If gears are in mesh with engine running then rear axle would 
revolve—unless clutch was “out.” 

*8ee repair subject for adjusting clutches. 

tThe expanding shoe clutch is very seldom used. As has been previously stated, a successful 
clutch must be fairly light at the rim, but with the expanding clutch, owing to its method of opera¬ 
tion, this is almost impossible. 
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Principle; Disk. Clutch Lubricated Typo. 

Parts: Fig. 2 shows the parts of the clutch sep¬ 
arated from each other. The disks (A) are .At¬ 
tached to the flange on engine shaft, the smeller 
disks (B) are attached to the transmission shaft 
The large disks (A) and small disks (B) are placed 
alternating. 

The two flanges have pins extending from them, 
the disks having holes so that they may be slipped 
on the pins. 

The small disks on their studs fit inside of tbe 
studs on the large flange, and the openings in the 
large disks permit the studs or pins on the small 
flange to pass through them. Thus the outer edges 
of the small disks come in contact with the inner 
edges of the large disks. 

Assembled clutch: as will be seen from 
figure 1, which is the clutch assembled, the 
two flanges are connected only by the friction 
between the large and small disks, when the 
spring presses the parts together. The entire 
cratch is placed inside abasing, and runs in oil. 

'When the clutch pedal Is pressed forward, 
the clutch is * ‘thrown out,*' the oil then 
flows between the disks, and when the 
and the spring presses the 
the oil is squeesed out from 
While it is being squeesed 
out the clutch is slipping, and it begins to bind 
when the pr 
the disks in 
the friction. 


clutch is "in* 
disks together, 
between them. 

b slipping, and it been 

when the pressure has squeesed It out and 
consequence feel the effect of 
When the clutch is "thrown 


out," one set of disks may revolve independently of the other, for they are not connected in any way. 


Hele-Sh&w Disk Clutch. 


In the Hale-Shaw disk clutch (fig. 4) a similar principle is adopted. The plates consist of a number 
of alternate bronse and steel disks much thinner. They are corrugated to increase the grip. 




Half the plates are rotably connected by grooves with the driving member, 
and the alternate half with the driven member. When the clutch pedal is released, 
the clutch spring presses these disks together, and they all rotate as a solid mass. 
When the clutch pedal is depressed, the spring pressure is removed and the platos 

separated. 

Referring to the illustration (fir. 4) the outer oil-tight 
cate (1), 4o which the driving bronse plates (16) are 
keyed, is bolted to the flywheel of the engine. The in¬ 
ner core (2) is keyed directly to the clutch shaft and to 
it are keyed driven steel plates (17). 

The clutch is shown engaged as normally held b j the 
spring (4) which actuates the ring (7) and the eliding 
presser (3). To facilitate quick disengagement, small 
springs (26) are fitted between the disks. 

The case is oil tight, provision being made for the replenishment 

of the oil through & plug (6) for the purpose. 

Adjustments arc made by means of jltj adjusting nut (8), and 
excessive spinning or dragging is prevented by a cone brake (10). 


Fig. 4—The Hele-Shaw 
corrugated disk clutch- 
lubricated type. 

Cadillac—Dry Disk Clutch. 

Pig. 6— The driving disks * * A ” are covered on both 
•ides with a friction material, composed largely of as¬ 
bestos, and are driven by six keys in the clutch ring 
“H” which is bolted to the engine fly wheel “G . 99 

The driven disks “B” are not covered. These disks 
are carried on the clutch hub * 1 E 3 * and drive it through 
six keys on the hub. The clutch hub is keyed to the, 
transmission shaft “F.” 

When the clutch Is engaged by allowing the clutch 
pedal to come towards you, the spring “C” forces all 
of the disks together. The resulting friction between 
the disks “A” and “B” drives the transmission shaft V t 
and the car, when the transmission control lever U 
is in other than the neutral position. 

There are no adjustments. The clutch pedal should 
be adjusted occasionally to compensate for wear on 
the facing of the clutch disks. 

There is one point * 1 D * 9 on the clutch for lubrication. 

There are 17 steel plates, having 9 driven disks and 8 driv- f ig. G—-The Cadillac 

ing disks. The coil spring is held under 300 lbs. compression. disk clutch — dry 

type. 


HEART NO. 20—Disk Clutches; lubricated and dry types. 
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Therefore there are three methods of cutting 1 off the power to rear axle; ‘ 

(1) stopping engine, (2) by throwing “out” clutch, (3) by having gears in 
“neutral.” 

The usual method to stop car and engine—is to “throw out” dutch, 
shift gears to “neutral” and apply foot brake. After car stops then turn off 
ignition switch and stop engine. 

When starting engine the gears are placed in “neutral” position by the hand gear 
shift lever. (Note fig. 2, chart 19; also page 50. Gears are now in “neutral” position.) 
Engine can then be started without car moving. 

To start car after engine is started; throw “out” clutch with foot pedal—shift 
gears in mesh (usually to lowest gear set), then gradually let clutch “in.” 

The term “clutch in” means, the clutch is allowed to press into the fly Wheel by 
tension of spring. 

The term “clutch out” means it is held out by foot clutch pedal. If car was run¬ 
ning and you desired to coast, “throw out” clutch or disengage gears. 

When stopping —throw “clutch out” by movement of foot pedal. (Usually left 
foot pedal.) Apply running brakes (usually right foot pedal.) Shift gears into “neu¬ 
tral” and then let “clutch in.” 

The clutch is used more than any other control on car—therefore study the meaning 
of “clutch in,” “clutch out,” “gears in neutral.” 

When the change speed gear is to be moved to a higher speed after starting or at 
any time when car is in motion or engine running, the clutch must first be “thrown 
out,” for the gears could.not be meshed with the countershaft revolving and the square 
shaft stationary; “throwing out” the clutch leaves the countershaft free to move as neces¬ 
sary to mesh the gears. 

The cone dutch adjustments are simple. Examples are shown in the repair subject. See index. 
The “grabbing’ * feature is being done away with by insertion of springs, usually about 6 inserted 
under the leather. Slipping is overcome by clutch springs within the spider. See Buick clutch ad¬ 
justment in repair subject. 

♦The Disk Clutch —see chart 20. 

The disk clutch (formerly termed multiple disk), consists of a number of 
disks which are pressed together when the clutch is “in,” the friction 
between them causing one to drive the other. This type of clutch is very 
compact, and is frequently built inside of a metal housing cast to the engine 
frame. 

To illustrate the principle of the disk clutch, place a silver dollar be¬ 
tween two silver half-dollars, and squeeze them together between the thumb 
and forefinger of one hand. With the other hand, try to revolve the dollar 
not moving the halves. It requires only a slight squeeze to produce sufficient 
friction to make it impossible to move the dollar. 

Multiple disk clutches are of two general types; those that operate in an 
oil bath and those that run dry; called lubricated and dry types 

The lubricated disk clutch runs in oil; its disks are usually alternate 
steel and bronze or all steel disks, and the type that runs dry is usually of 
steel disks, one set of which is faced with a friction material of woven asbestos 
fabric. 

The lubricated and dry types are described in chart 20. 

The Plate Clutch. 

The S. A. E. term the disk clutch (formerly called the multiple disk); a 
clutch with more than three disks. The plate clutch is where one plate is 
clamped between two others. 

The single plate clutch is a popular type of clutch. It is a variation of 
the disk type, the latter comprising a large number of narrow disks, while 
the other usually consists of but three broad disks or plates, the ordinary 
type having two driving plates and one driven plate. 

An example of a single plate clutch is described in detail in the following 
matter. In this type the clutch effect is creafed by wedging the plate. The 
type which will now be described is the Borg and Beck make (chart 20A, 
and page 43). 
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' FIG 4 

ADJUSTMENT PAJTTS 


1— Olutch-Casing—cast with fly wheel. 

2— Oasing-Oover—carrying adjustment-ring. 

8—Oover-Slot—for adjustment-bolt. 

4—Adjustment-Bolt—for take-up action. 

6 —Adjustment-Ring —mounts thrust-levers. 

6— Thrust-Lever (bell-crank)—mounts roller. 

7— Thrust-Roller—acts against thrust-ring. 

8— Thrust-Ring—acts against asbestos ring. 

9— Driving-Pin—for thrust-ring. 


10— Friction-Ring—asbestos. 

11— Friction-Di sk—driven. 

12— Pilot Ball-Bearing—for end of shaft. 

13— Olutch-Shaft—driven by disk. 

14— Thrust-Spring—acts on •‘bell-crank" trans¬ 
mission. 

15— Throw-out dollar—on throw-out sleeve. 

16— Throw-out Sleeve—centered on shaft. 

17— Throw-out Yoke—non-rotating. 

18— Thrust Ball-Bearing—takes throw-out pull 

19— Brake-Plate—rigid on throw-out yoke. 

20— Brake-Collar—keyed on shaft. 

21— Detachable-Casing—self-contained clutch. 

22— Mounting-Flange—bolts against fly wheel. 

23— Driving-Bolt—for thrust-ring (not shown). 

24— Shaft. Brake and Universal Connection (not 
shown). 

25— Adjustment-Incline—take-up seat for roller. 
60—Bell-Crank Pivot—mounts thrust-lever. 


Borg ft Beck Single Plate Clutch. 

Principle: This type of clutch runs dry. The action is best understood when it is kept 
in mind that among the revolving parts, only the driven group; disk 11, shaft 13 and brake 
collar 20, can stand still when fly wheel is running; and all other parts being “anchored” 
to fly wheel must always revolve and drive with the latter. 

When clutch is “in:” The asbestos friction rings 10, though not positively attached t* 
either the driving or the driven parts, will, in practice, “freeze” to the unpolished faces 
of the inner case of fly wheel and thrust ring 8; and thus always run bodily with the fly 
wheel. 

When clutch is “out:” The foot lever is applied which telescopes the coil spring (14) 
back by action of the throw out sleeve (16) which causes the roller (7) to withdraw a suffi¬ 
cient distance from face of thrust ring (8), to permit the latter, with its companion frie- 
tion ring (10), to “back-away” bodily, from friction disk (11), thus releasing the disk fro* 
the friction-grip, and permitting it and other driven parts to come to a stop, while fly wheel 
and parts anchored to it revolve. 

CHART NO. 20-A—Principle and Construction of a Modem Single Plate Clutch—dry type. (1 
Borg and Beck Co., Moline, Ill.)—see also pages 668 and 842. 
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-[Adjusting the Single Plate Dry Clutch—per chart 20-A. 

Take up action: The roller seat face of the thrust ring (8), is formed on three, equal 
succeeding, t&keup * * inclines” (25); the ring being % inch thicker, at the high end of 
each * * incline” (25), than at the beginning, or low end. The three thrust-levers (6), 
are mounted upon, and equally spaced by, the adjustment ring (5); and this ring is ad¬ 
justably mounted against the inner face of the cover (2), by means of the adjustment— 
bolts (4) of which there are two, through slots (3) in the cover. 

When the bolts (4), are “ slacked , 1 ' and shifted in their cover-slots (3), they control and 
shift with them the ring (5), the latter carrying with it the levers and rollers (6 and 7)— 
thus shifting all the rollers to new seats against the non-shifting thrust-ring; and, these 
seats being further up the ring * * inclines * 9 (25), where the inclines are thicker in cross 
section, the ring is necessarily thrust so much further toward the other friction parts, to 
compensate for any friction wear, and to maintain, at all times, a perfect friction grip. 

Therefore to adjust dutch, the clutch is held entirely out. 

With the clutch thus held “out,” it is only necessary to * * slack’ * the adjustment- 
bolts (4),lap either of them “clockwise,” in the slot (3) on cover, a quarter or half Inch, 
or any other distance required, thus shifting the ring (5), carrying the levers and rollers to 
new seats, upon thicker sections of the thrust-ring; and thus compensating for the fric¬ 
tion-wear which made the adjustment necessary. 

If too much oil gets Into dutch and causes slipping: In this case it will be necessary 
to unscrew the bolts (4) about three turns, have some one hold out clutch and let oil drain 
out. It is also desirable to squirt gasoline into interior of dutch to wash out the oil. 
If slipping continues the trouble is due to oil working into clutch housing and must be 
\separated from main oil supply of oil pan ’of engine. 

Removing dutch: First remove transmission. Mark clutch cover that bolts to 
flywheel with punch and corresponding mark on flywheel, in order that it is put back in 
same position. Cover plate must not be turned. 

Replacing clutch: There are two asbestos fabric rings; one lays against face of 
fly wheel (10), next to this comes the driven plate (11), then other friction washer (10). 
The cast thrust* ring (8) comes next, but before installing, make sure the driving pins (9) 
are in place in the inside of the fly wheel rim. Drop thrust ring (8) in position so that 
the three slots fit over pins (9). The adjustment ring (5) with its parts assembled to it 
should now be installed. The adjusting ring (5) fastened to the cover plate by means of 
two cap screws and cover pls^te bolts to fly wheel. 

Clutch brake is provided which comes into action when the clutch pedal is pushed 
all the way down. Purpose is to stop spinning of transmission gears when clutch is dis¬ 
engaged. The throw out collar (15) presses against the brake collar (20). The clutch 
brake is mounted on the transmission shaft and' is faced with asbestos fabric. 

If worn, trouble will be experienced when shifting gears into first speed when car is 
standing. Clutch will appear to drag and will continue to drive transmission gears when 
fully disengaged, so it will be difficult to mesh gears. 

To remedy, remove oil pan, have some one hold out clutch, while throw-out clutch 
and collar are examined; to see if collar (20) actually touches brake or not. If it does 
not, the transmission should be removed and if brake friction facing is in good condition 
no need of installing a new one. See that the throw-out is not coming in contact with 
^ brake flange and should be adjusted so that these two points form a contact. 

Note—always remember to drive with foot off the clutch pedal. Make sure clutch 
pedal does not strike or press against toe board. 



"Universal Joints. 

A universal joint is a flexible connection between two 
shafts, which permits one to drive the other, although they may 
aot be in line. Refer to figs. 2, 3 and 5 and study the prin¬ 
ciple. Universal joints are usually placed forward and rear of 
the drive shaft (see page 50). 


Universal joints are necessary on automobiles with shaft 
drive, for while one end of the driving shaft is attached to 
the transmission shaft, which is on the frame, the other end is 
connected to the axle, and constantly moving up and down as 
the wheels follow the roughness of the road. 





If no universal joints 
were used, the shaft would 
jam in its bearings from 
the up and down movement 
of one end of it. 


+Universal joints are also called cardan joints. See pages 680, 681 for construction of "universal 
joints." fSee pages 668 and 842 for other adjustments on Borg and Beck clutch. See foot note 
page 662, why gears of transmission are sometimes difficult to shift. 



44 


DYKE’S INSTRUCTION NUMBER FIVE. 



m*. l: A modern unit power plant, the Dort. 


The engine of 
this unit power 
plant has "L" 
head cylinders i 
cast in block; 
valves on eidat I 
poppet typo; de¬ 
tachable cylinder 
head (see index, 

* ‘cylinder head, 
replacing of.") 

Tranamlfurton: 
selective type. 8 
speeds ahead and 
reverse. Olntck; 
cone type. Geer 
shift lever; ball 
and socket type. 

Left, foot dutch 



Power is trans¬ 
mitted to rear 
axle from end 
of transmission 
shaft (upper 
one). 



UNIT POWER ryjjjt WERHffrQ VM.V15 &PCTj^TCMW.E | 



PIG 4 LooowiobO. Cbm**. Th# ♦‘JT* Typ« R.7. The •*4<" Typ* M-7 


Fig . 8: Unit power plant with valves in the head and a detachable cylinder head. (The Oakland ‘ 
six). The head is detached with valves. This differs from fig. 1. in that the head is detachable, but 
the valves are not in the head in fig. 1. 

Fig. 8: The Buick 4 cylinder engine unit power plant with valves in the head and detachable cyl¬ 
inder head. Note the Delco "single unit" electric system; starting motor, generator and ignition in 
one unit. 

Fig. 4; The Locomobile engine and clutch are in one unit, but the transmission is separate. Note 
universal joint (T. U. J.) between the clutch and transmission—see also page 499. 


CHART NO. 21—Unit Power Plant; engine, dutch and transmission mounted in one unit. 
Separate Power Plant. Engine and clutch form one unit. Transmission separate. 


(Ohart 22 on page 50). 
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INSTRUCTION No. 6. 

TRANSMISSION: Principle of Operation, Location,Different Types. 

Principle of a Transmission. 

When a bicyclist wants to race on a level track, he gears np his wheel 
with a larger sprocket so that one revolution of the crank takes him farther. 
Yet if he takes this wheel with this large sprocket on the pedal shaft, out on 
the road where there are hills, he must get off and walk or exert an extra 
lot of power. This clearly shows that if a bicyclist wants to speed while on 
the level and yet take all hills, he must change the drive sprocket. 

The same principle applies to the automobile—therefore the automobile 
is provided with not only two changes of gears (instead of sprockets), but it 
has three and sometimes four changes of gears, which gears are contained in 
a gear box usually placed back of the clutch. (See page 38). 

The principle upon which all change-speed gears work is the fact that 
when two cog-wheels or spur gears are meshed together the larger wheel turns 
more slowly than the smaller wheel. 

As an example, a oog-wheel with 10 cogs, in mesh with a second wheel 
having 20, would revolve twice as fast as the latter, the explanation being, 
that when the 10 cogs of the smaller wheel have moved round once they will 
have engaged with only 10 cogs of the larger wheel, and therefore will have 
turned the larger wheel through only half a revolution, that is, that it will be 
necessary for the smaller wheel to revolve twice in order that the larger one 
may revolve once. 


•With this piece of elementary information, we will observe that in the 
gear-box (see below) there are two shafts—the upper one coming from the 
engine through the clutch, and the lower one continuing to the back axle. 



Each shaft is fitted with three different sized cog-wheels numbered in 
the illustration 1, 2 and 3; those on the upper shaft are fixed to the shaft 
itself, but those on the lower shaft are able to slide on a keyway, to right 
and left along the shaft. The shaft is not round like the upper one, but is 
squared, so that although the sleeve of cog-wheels can slide backward and 
forward, they cannot revolve independently of the lower shaft. 

In order now to vary the speed of the car, it is only necessary to slide 
the cog-wheels (gears) along the lower shaft until the correct two gears 
come into mesh to form the gearing required. 

The illustration, for instance, shows intermediate speed gear in mesh, but 
were we to move the gears to the right so that wheels 1 and 1 come into 
mesh, we should put the car on its first speed, that is its lowest speed, so 
that with the engine running normally the car would be moving very slowly, 
the driving gear being much smaller than the driven gear. 

When, however the sleeve is moved to the left so that gears 3 and 3 mesh, 
the effect is reversed. Now we have the driving gear much larger than that 
driven, and the result will be that when the engine runs normally the car will 
be traveling at a very high speed. 

*THis illustration is intended to simplify the explanation. In actual practice the arrangement 
is slightly different (see page 46) ; the sliding gears are usually above, clutch s>*aft and transmission 
shaft are not continuous as shown and drive shaft connects with transmission main shaft instead 
counter shaft. 
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The number of revolutions made by the engine to one of the wheels is 
different with different manufacturers, but as a general thing, when on the 
low speed the engine makes from twelve to eighteen revolutions to one of the 
road wheels, and on high speed from one and a half to four revolutions to 
one of the road wheels. 


The sides of the teeth of the gears are usually made like the point of a 
chisel, so that when two gears are brought together they will mesh easily. If 
the sides of the teeth were flat, as in ordinary gears, it would be difficult to 
slide them into mesh. (Mesh means the teeth of two gear wheels engaged.) 

When sliding the gears from one speed to another, the main clutch in 
fly wheel must always be thrown out. 

With the main clutch in the fly wheel thrown out, the sliding gear on 
the square shaft is free to move and its speed may easily be changed. If the 
change were to be made with the engine driving the upper shaft, changing 
the speed of the gear would require the speed of the engine to be changed; 
or changing the speed of the gear on the square shaft would require the speed 
of the car to be changed. 

Neutral —means that the gears are not meshed or in engagement at all. 
Therefore power to rear axle is cut off, yet engine is free to run although 
the clutch is in engagement with fly wheel. 

When running it is always necessary in shifting gears, to first throw 
clutch out of engagement with fly wheel, then bring gears to neutral position 
and then shift from a lower to higher gear, unless car is gradually slowing 
down, then a shift to lower gear would be in order. But never shift to a 
lower gear when running at fast speed, as there is a liability of stripping the 
teeth from the gears, or if the teeth were strong enough to stand it, the car 
would be badly jolted. Therefore, always throw out the clutch in the fly wheel 
before changing gears and let car slow down if shifting to a lower gear. It is 
seldom, however, a shift to lower gear is made unless car slows down, and 
it is unnecessary to slow car down. 


**To reverse motion of car the reverse gear must 
never be used until the car is at a dead stand still. 

The location of the transmission may be either in 
front; adjoining the clutch, or on the rear axle hous¬ 
ing; see chart 24, figs. 2 and 7. The modern method 
is the “unit power plant,’ ’ where the transmission and 
clutch are connected to the engine as one unit. See 
pages 44 and 50. 

Types of Transmissions. 

There are three types: the sliding gear, f 

planetary and friction disk type. |^~i ^ 

The planetary type is used on the Ford 
(see Ford instruction). The friction disk 
type is used on light cars to a certain ex- ( i 

tent as cycle cars, etc., see fig. 4, chart 24 _ _ |ji 

for principle. 

There are two types of sliding gear 3« = 

systems; the old style pr ogre ss ive type ■ 

(fig. 2) and the modern selective gear type, Qkj * - 

pages 48 and 50. V1 H "eT** 

The progressive type was discarded 
because it was necessary to pass one gear 

through another which made a clashing 2.—-A three s] 

noise and difficult at times to operate. 


Uear Shilling 
Lt'vvr J 


Pir»f Speed 



> =_L 


K«lttrsl 

Position 



Fig. 2.—A three speed progressive type of trans¬ 
mission, showing the lever and gears In “neutral’’ 
position; an obsolete method. * 


With the selective type it is not nec¬ 
essary for the sliding gear to pass through 
another gear. It is easier and quicker to 
operate and considerably less noisy. It is 
with this type we shall deal. 


By referring to fig. 2—note in order for dog (A) 
to reach dog (D) which would be high gear or diroet 
drive, it would be necessary for the sliding gear 
(8) to pass through gear (F). Or if to reach re¬ 
verse, by gear (P) being meshed with (R), it would 
be necessary for gear (P) to pass through gear (R). 


"Transmissions are alao called change speed gears or gear boxes. **See pagea 48 and 50. 






TRANSMISSION. 



I Slapl* fora off motion Dr It* TroaoalMla 
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, Fig. 4. The friction disc type of drive of trans- 
misaion used on the Carter Oar. It is extensively 
used on Cycle Cars. 


It is extensively 



r e 'a 
neutral - 


Fig. 7—The method of placing the gear type trans¬ 
mission on the rear axle. See also page 204. 

Fig. 8—Fonr speed selective type of transmission for a 
double chain driven drive car. 

The only difference between this type and the one in 
(Chart 23), is that a jackshaft with bevel gears (N), is 
employed. (See fig. 8 above.) 

When there are four changes of speeds, note that there 
are three shifting forks (H, J and K). The drive gear 
(B) is attached to the sleeve (A), which connects with 
engine drive shaft through the clutch. 

A—Sleeve driven by engine. 

B—Gear on sleeve. 

C—Gear on countershaft. 

D—Low speed gears. 

E—Second speed gears. 

F—Third speed gears. 

G—Clutch for high speed. 

H—Rod and arm for third and high speed. 

J —Rod and arm for low and second speed. 

K—Rod and arm for reverse. 

L—Finger in groove. 

M—Guide plate for selective lever, also called a 
‘ ‘gate.’* 

N—Bevel gears to jack shaft. 

O—Idler for reverse. 


CHART NO. 24—Location of Goar Box (Transmission) Four Speed Selective Type Transmission. 

(Chart 22 is on page 50). 
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□HAST NO. 28—Simplified Illustrations Explaining the Principle of Operation and the Change of 
Gtoars in a Selective Type of Transmission with, Three Speeds Forward and Reverse. Note- 

in modern transmissions the transmission shaft (130) sets horizontally over the counter¬ 
shaft as per page 44. Another change made in some transmissions, is the eliminati<m of 
dogs (139); the gear (128) fits internally into the main drive gear (SG-1). See page 50. 
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The Selective Gear Type Transmission. 

This type is preferable, due to absence of noise of gears and 
ease of operation. The gear change ratio or gear desired, is 
4 ‘selected'' by movement of the gear 
shift lever and the shift can be made 
without one gear passing through an¬ 
other. 

Relation of the gears to the clutch is shown 
in fig. 7, and fig. 2, page 38. Principle of the 
selective type transmission is shown on pages 
48 and 50. 

Referring to fig. 7, note power is transmitted from fly wheel to clutch, thence clutch 
shaft to gear O and S, through sliding gear for 1st or 2nd speed. For high speed, small 
dog clutches on gear X mesh with dogs on gear O, which makes the drive direct to rear axle. 



Operation of the Gear Shift Lever. 

There are two types of gear shift levers; the “gate” principle as per 
figs. 4 and 2 below, and the “ball and socket’ ’ type shown in fig. 1. The latter 
being used more than any other type. 


A simplified explanation of how the parts operate is shown in fig. 4. If the reader 
will first refer to page 48 he will understand just how the shift lever operates in relation 
to the shift bars (146 and 147) and shifting gears (SG-1 and SG-2). Further detail will 
be given below as follows: 


Fig. 4: View showing how the gear shift¬ 
ing «lever and selector connects with the 
shifting bars. Lever is now in * ‘neutral” 
position, but if pushed to the inside it would 
shift the inside bars (146) — if pushed to 
outside position it would shift t' 
bars (147). 



ing gear (SG-2) in mesh with “reverse* 
movement throws (SG-2) in mesh with 


By moving lever (73) in, , to the 
left, the arm (145) engages with 
gear shift bar (146). Then by 
moving it (73) forward or back¬ 
wards, the sliding gear (SG-1) is 
moved to “second*• or “high** 
speed engagement. 

By moving (73) out, to the 
right, this action causes arm 

(146) to engage shifting bar 

(147) which shifts sliding gear 
(SG-2) forward; forward move¬ 
ment of lever (73) throws alid- 

speed gear on counter shaft, while a backward 
low** speed gear. 



fFIg. 2.—Gate type of gear 
shift lever is now in ' ‘neu¬ 
tral’ * position (N). The 
hand or emergency brake 
lever to the right is “set" 
until ready to start car. (1) 
is “low speed” position; 
(2), “second or intermedi¬ 
ate;" (3) is “high” speed; 
(R) reverse. Movements 
vary on different cars. (See 
index “getr shifts of lead¬ 
ing cars.”) 


'When lever (73) Is erect and in between the two slots as 
shown in illustration fig. 4, the slots which (146) work in are 
in line and all gears are out of mesh, or in “neutral** as it 
is called. For instance, the gears in fig. 2, page 48 are out 
of mesh, and slots on shifting bars are in line, therefore gears* 


are in neutral. 

Gate type: by studying the il¬ 
lustration fig. 2 on page 48 and 
figs. 4 and 2 on this page, the 
reader will readily see how the 
gears are shifted. 

The lever (73), the gate or 
selector (76), and the other 
parts are numbered and named. 

Note this lever moves side- 
wise as well as forward and back¬ 
ward (see figs. 4 and 2). 

The baU and socket type of 
gear shift lever is identically the 
same principle except the move¬ 
ment of lever (73), fig. 1, is in 
a ball and socket instead of a 
gate. Note arm (145) serves the 
same purpose as arm (145), fig. 4, 
above. This type is the type 
in general use. 



Fig. 1.—Ball and socket type 
of gear shift lever (78) ia now 
standing upright in center of 
the socket and ia in “neutral" 
position. 


"Note the movement of gear shift lever in fig. 2. This is the type used on the Overland model 85. 

The movement of lever (73) In fig. 4 varlee slightly from movement of lever in fig. 2 this page. 

For instance, if lever (78) in fig. 4, is shifted in to the left and back, we would have 3rd or high 

■pood; if to the left forward, 2nd speed; if to the right side and backwards, 1st or low speed and if tp 
the right side, forward, reverse speed. (See fig. 4 this page and fig. 2, page 48). 

fThie ia the standard S. A. E. three speed gear shift. Illustration is that of the Overland, see 

pages 490, 497 and 858. 
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(EAST NO. 2»—Principle and Operation of a Single Plate Clutch (see page 42), Selective Type 
of Transmission and Method of Driving Bear Axle. A modem Unit Power Plant. Ths 
clutch may be of any one of three types; cone, disk or plate. The transmission is a three 
speed and reverse type. 

23 Is on pago 48). 
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How the Various Speeds are Obtained 
By Shifting Gears. 

NOTE— The clutch is always engaged or in —unless held out by clutch 
pedal. Therefore gears must be out of mesh or in neutral before starting 
engine. 

When shifting gears, engine is supposed to be running, therefore always 
hold clutch out while moving the change or shift. 

Never shift from high to low gear, unless car is slowed down to a very 
low speed. ' 

Obtaining Various Speeds. 

Before describing the operation of changing speeds, it is most important to 
notice in chart 22, that the main shaft of the transmission (4) is not square - 
continuously right through the gear box. One end (E) works free into end 
of clutch shaft, so when gears are in * 4 neutral ’ ’ or not in mesh, there is no con¬ 
nection between clutch and transmission. A study of fig. 3, chart 23, will 
assist the reader in understanding this. Also note remarks under 4 4 clutch 
shaft” in chart 22. 

4 'Neutral ;” by observing the position of gears, it will be noticed that none 
of the gears are in mesh except the main clutch drive gear (9) (called clutch 
gear), connected with the clutch shaft and the gear (SS) on the countershaft. 

If we then follow the dotted lines and arrows it will be noticed that the coun¬ 
tershaft (22) and gears (23, 21, 20) thereon are free to revolve. 

Low or 1st speed: the gear shift lever (1) is brought to the center, and 
then drawn sidewise until the lower end of lever engages with shift bar 
which oprates (6). This gear (5) is then moved into mesh with gear (21). 
The power then is from gear (9) to (SS), thence (21) to gear (5), thence 
square shaft to propeller or drive shaft. 

Intermediate or 2nd speed —is obtained by returning the gear, shifting 
lever to “neutral” (straight up and down, position illustration shows lever 
now); then putting end of shift lever (1) in shift bar which jconnects with 

(7) . Push lever forward, this will slide gear (8) into mesh with gear (23). 
Note dotted lines then for the transmission of power. 

High or 3rd speed—also called 1 'direct” drive: Pull lever (1) straight 
back. This will shift sliding gear (8) over gear (9). 

The drive is then direct through gear (9) and gear (8), through square 
shaft to rear axle. The,action causes gear (9) to partially mesh inside of gear 

(8) , as gear (8) is fitted wiht internal teeth. The former method was by 
means of 44 dogs** (139), fig. 2, chart 23. 

The engagement of these two gears cause the top transmission or square 
shaft to be engaged direct with the clutch shaft and continuous right through 
to rear axle. 

During the time that the direct drive is on, it will be noticed that the 
countershaft or secondary shaft (22) although doing no work, is still running. 
In a few instances, makers have arranged that this should be thrown out of 
action as soon as direct drive is on, but owing to the difficulty in connecting 
it up again when the second speed is wanted, it is now generally allowed to 
remain in mesh. 

*Beverse: When the “reverse speed” is required the gear shift lever 
is brought to “neutral,” then pushed forward to mesh gears (5 and 20). There 
are now five gears in operation instead of only four, as for first and second 
speeds, and the result is that the square shaft (4) turns backwards. 

•The rerenie pinion is set lower down in the transmission esse and slightly under the counter¬ 
shaft, hence it is not possible to see it. Changing gear—full instructions also given under instruc¬ 
tion 84. 
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CHART NO. 25— The Three Motive Powers; Gasoline Engine, Steam Engine, Electric Motor, 


Note —An eccentric (E) on a steam engine is for the same purpose as a cam on a gasoline engine; 1 . e., 
the valve. 
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INSTRUCTION No. 7. 

*THE GASOLINE ENGINE: General Explanation. Cycle Prin¬ 
ciple Explained. Construction of the Gasoline Engine. 
Assembling a Four Cylinder Engine. Speed Control of 
Engine. 

General Explanation. 

There are three motive powers for automobiles. (1) the gasoline engine, 
also called an ^internal combustion type of engine in which the fuel combusts 
inside of the engine, between cylinder head and piston or the combustion 
chamber. This type of engine could use either gasoline, kerosene or alcohol, 
but in this treatise we will deal with gasoline as a fuel. (2) the steam engine 
is an external combustion type. The combustion taking place under the 
boiler, separate from the engine. (3) the electric motor (shown in chart 25), 
derives its power from an electric storage battery. 

Gasoline engines: We will deal with the gasoline engine type of auto¬ 
mobile. The gasoline engine furnishes the motive power to drive the automo¬ 
bile. 

Engines for small cars are sometimes made with but one, or perhaps two 
cylinders (now obsolete). A few motor care formerly had engines of three 
cylinders. The majority have four, six and eight. Five-cylinder engines 
hardly exist. Seven-cylinder engines exist in a special form for flying ma¬ 
chine, as the Gnome revolving cylinder type. The ttwelve-cylinder engine 
is also coming into prominence; motor boats indulge in engines with as many 
as 12 to 24 cylinders. But whether the engine has 1 or 24 cylinders, the ex¬ 
planation of how it works or the principle, always remains the same. 

All gasoline engines' work on practically the same principle. It must be 
a four cycle or a two cycle type (four cycle is dealt with in this instruction). 
The valve arrangement may be different, but we describe the various types of 
valves further on in this instruction. The ignition may be different, but we 
cover all forms of ignition. We mention this so that when you see an engine 
with a different ignition or a different valve arrangement, remember the prin¬ 
ciple is just the same on all engines (except the two cycle type, which have 
no valves. The principle of combustion and ignition is similar, however). 

Gasoline engines belong to the class known as internal combustion type 
of engine. This name is used to distinguish them from steam engines, which 
are of the external combustion class, for the heat that a steam engine turns 
into power is produced outside the engine, under a boiler. 

In a gasoline engine, the combustion, or in other words, the burning of 
the fuel,, takes place inside of the cvlinder of the engine, the fuel being 
gasoline. „ 

When a mixture of gasoline vapor and air is set on fire, it burns with 
great rapidity and produces intense heat, which expands and develops the 
pressure that operates the engine. This combustion is so rapid that it is 
usually spoken of as an explosion; and that word is often used, although the 
word combustion is more correct. 

•For engine repairs and adjustments, see subject of repairing. **The gasoline engine is also called 
a “hydrocarbon” type of engine. 

tThe “twelve” cylinder engine was formerly referred to as the type need on motor boats, where 
the twelve cylinders were in line. The “twin six” is referred to as the type used on automobiles, 
with cylinders placed “V” type. However, both terms are used. “Twelve or eight cylinders ‘V* 
typo,” would be the proper term. 

•Note— The word motor Is often need to designate the engine, but if one wishes to be technical and 
correct it should always be referred to as engine. The word “motor," however <owing to the popu¬ 
lar practice), is used in many instances in the book. 
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CHART NO. 26— A Four Cycle Gasoline Engine Showing a Sectional View T-head type 
cylinder, valves are of the poppet type and are mechanically operated. With the 
— T-head type of cylinder the intake valves are placed on one side and the exhaust 
Ives on the other side—therefore two cam shafts and two cam gears are required. 
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The difference is that an explosion is instantaneous, while the combus¬ 
tion of gasoline vapor and air, although very rapid, is not instantaneous. The 
combustion takes place within the cylinder of the engine. 

One end of the cylinder is closed, and the other is open, the closed 
end being called the cylinder head. Within the cylinder is a piston, sliding 
back and forth. 

The space between the piston and the cylinder head is called the combus¬ 
tion chamber. 

The back-and-forth motion of the piston in the cylinder is called recipro¬ 
cating motion. In order that it may turn the wheels, this reciprocating mo¬ 
tion must be changed to the motion of a wheel revolving on its axle, which is 
called rotary motion. The reciprocating motion of the piston is changed to 
the rotary motion of the wheels by means of a crank shaft. 

The piston is connected to the crank shaft by a connecting rod, so that 
it moves in and out as the crank shaft revolves. One complete turn of the 
crank shaft, by which the piston is moved from one end of the cylinder to the 
other, and back again, is called a revolution. One-half of a revolution of the 
crank shaft moves the piston from one end of the cylinder to the other, and 
this is called a stroke. 

It must be remembered that there are two strokes of the piston to every 
revolution of the crank shaft; one down-stroke and one up-stroke. 

A steam engine is called double-acting, because the pressure of the steam 
acts on both sides of the piston. 

A gasoline engine is called single acting, because the pressure acts on 
only one side of the piston; on the top or side nearest to the cylinder head. 

The combustion that causes the pressure that operates the engine, takes 
place between the cylinder head and the piston, in the combustion chamber. 
The combustion should be timed to occur so that the greatest pressure is ex¬ 
erted when the piston is nearest the cylinder head. The pressure causes the 
piston to slide the length of the cylinder, from the head toward the open end. 

In a steam engine, the pressure of the steam forces the piston to slide 
first one way and then the other. 

In a gasoline automobile engine the. pressure from the combustion acts 
on only one side of the piston, forcing it - to slide only one way. After being 
forced downward, the piston must be brought upward again, and this is done 
by a heavy *fly wheel attached to the crank shaft With the downward mo¬ 
tion of the piston, the fly wheel starts revolving. When once started, the fly 
wheel continues to revolve until friction or some other resistance stops it, but 
before this can happen the pressure is again exerted, keeping it going. 

fThe fly wheel being attached to the crank shaft, they revolve together, 
and because the piston is connected to the crank shaft by the connecting rod 
it moves with them. The piston moved downward by the pressure, starts the 
crank shaft and fly wheel, and then the fly wheel in continuing to revolve 
moves the crank shaft and piston. 

Because a gasoline engine does not operate with continuous pressure, 
during its action the piston first moves the crank shaft and fly wheel, and then 
the fly wheel and crank shaft move the piston. 

Before there can be a combustion of mixture in the cylinder, the mixture 
must be drawn into the cylinder, through the inlet valve. 

When in the cylinder, the mixture must be prepared, so that it ignites, 
bums and expands with the greatest possible rapidity and heat. 

*Larger fly wheels are used on single cylinder engines than on multiple cylinder engines, because 
there are not as many firing impulses to two revolutions of crankshaft on a single cylinder engine. 
tThe fly wheel is usually fitted securely to tapered end of crankshaft and flange, per (92) page 62. It 
mubt be secure, else a knock would occur, per page 638. 
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ittart HO. 27—Different Views of the Outside of a Four Cylinder Gasoline Engine with 
cylinders cast in pairs. Valves are mechanically operated. Exhaust valves on one 
side and the intake valves on the other side. Ignition by magneto. Water cir» 
culation by pump. 

r T E —T his “T” head type of engine could be constructed with the inlet and exhaust reversed if necessary. 

: nstance, inlet could be on the right side of engine and exhaust on the left side, as shown in chart 26. 

8 on page 60). 
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After the mixture has been burned, the useless gases must be removed, 
or exhausted from the cylinder, to make room for a fresh charge of the mixture. 

These successive events must occur in their proper order, for if any one 
of them fails, or it is not performed properly, the following event cannot 
occur, and the engine will stop running. * These events are called a cycle. 

The Four Cycle Principle. 

There are two distinct cycle principles; generally spoken of as "four 
stroke cycle” and "two stroke cycle” principles. The two cycle engine is 
generally a small marine type of engine and will be dealt with under marine 
engine instruction. 

The four cycle engine is the type used for automobile work, therefore we 
will deal with this type throughout the automobile instruction. 

The cycle is thus composed of: 1st, the drawing into the cylinder of the 
mixture; 2d, the compression of the mixture; 3d, the burning or ignition of 
the mixture and the forcing downward of the piston by the pressure pro¬ 
duced by the burning of the mixture; 4th, the removal of the burned and use¬ 
less gases left after the combustion. 

The cycle is performed during two revolutions of the crank shaft, or, 
what is the same thing, four strokes of the piston. 

The first event occurs while the piston makes a downward stroke, during 
which the cylinder is sucked full of the mixture, just as a similar stroke of a 
pump or syringe sucks in a liquid: this is called the inlet stroke or suction 
stroke. 

The next stroke of the piston is an upward stroke, during which the 
mixture sucked into the cylinder is prepared by being compressed, and at the 
end or top of this stroke it is set on fire, or ignited: this is called the compres¬ 
sion stroke. 

When the compressed gas is ignited the pressure from the combustion 
forces the piston to make a downward stroke ; this is called the power stroke. 

The next upward movement of the piston pushes the burned and useless 
gases out of the cylinder: this is called the exhaust stroke. 

In principle the gasoline engine is like a gun. In a gun the shot is fired 
by exploding powder behind it—in a gasoline engine we explode gasoline be¬ 
hind the piston in exactly the same way. 

There are some differences, of course When the charge goes out of the 
gun, that is the end of it. Bqt in a gasoline engine, after the explosion drives 
the piston before it, in order to get any work out of the machine, this piston 
must come back and a new charge must be exploded behind it. The burnt 
gases and heat must be disposed of and all of these things must be done over 
and over again very quickly at exactly the right time. 

Valves are arranged to open and close at the proper time to admit fresh 
gas and to let out the burned gas, and the positions of the piston, valves and 
cams for each function are shown on chart 29. Note the direction in which 
the cams are turned by the cam gears. 

Explanation of The Four Strokes. 

Fig. 1 : In the first diagram, chart 29, the piston is at the beginning of 
the down stroke on suction, and the arrows show the direction in which it is 
moving. ^ 

ng. 2 : In the second diagram, the piston has completed its suction 
stroke and is now starting up on its compression stroke. 

♦The word Cycle reelly refers to the complete operation of the four strokes of piston to eomplete 
the cycle evolution. Therefore to distinguish the engine with four movements of piston, from the 
engine with two movements of pistons to complete the cycle evolution, we will call them: “four cycle" 
and “two cycle" types of engines. 
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Fig. 1. Suction stroke; note charge of gas being 
taken into cylinder from carburetor by the suction of 
piston through the open inlet valve. 

Note inlet valve opened by inlet cam. Note direc¬ 
tion of travel of cam, also note this stroke is also 
called ‘‘admission" or “inlet” stroke. 

Fig. 2. Compression stroke; note both valves are 
closed because nose of cam is not raising either of 
the valves. Note travel of cam. 

Fig. 3. Power stroke; note the spark is now occur¬ 
ring, therefore the compressed gas is combusting. 
(See page 61, note in actual practice, spark occurs 
before combustion takes place.) Both valves are closed. 
This stroke is also called “explosion” or “working” 
stroke. 

Fig. 4. Exhaust stroke; note the exhaust valve cam 
is now raising the exhaust valve. The burnt gas is 
being forced out the exhaust pipe through muffler. 
This stroke is also called “scavening” stroke. 


When piston reaches top of exhaust stroke the pis¬ 
ton will uave completed tne four strokes, or two crank 
revolutions, and cam shaft one revolution. 

The next stroke is the suction stroke again. These 
four strokes are repeated over and over again as long 
as engine runs. 

The above explanation of the four strokes Is explained 
with a “T” head type of engine, supposed to be cut 
in half and standing in front of engine. 

The “L” head uses but one cam shaft, there is bnt 
one inlet and one exhaust cam for each cylinder. Just 
the same as a “T” or “round” head cylinder or any 
type of four cycle engine. The principle is identically 
the same. 

Fig. 6, Illustrates the movement of the cam; note the 
cam moves 90 degrees or one-fourth revolution, each 
time the crank moves 180 degrees or one-half revo¬ 
lution. 


JHABT NO. 20—The Four Cycle or Four Stroke Principle Explained. See index for “two 
yde” engines. 

r >n page 60, Chart 80 on page 70). 
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ng. 3 : The piston has now completed its compression stroke and the 
compressed gas is being ignited by the spark at spark plug gap. This 
ignition of the gas causes the combustion to take place and Diston travels 
down with force, the amount- of force being governed by the amount of com¬ 
pressed gas which was admitted to cylinder by throttle of carburetor. This 
down stroke is called the power stroke. 

Pig. 4 : The piston has now completed it’s power stroke and is coming 
up on exhaust stroke, pushing burned and useless gas out exhaust valve. 

Note the inlet valve is raised to admit the suction of gas (fig. 1) and 
exhaust valve is raised to permit the burned gas to be discharged. During 
the other two strokes (compression and power strokes), the valves are 
closed. 

fThe reason for first cranking an engine to start it is due to the fact that 
a charge of gas must first be drawh into cylinder by the suction stroke, then 
compressed. After the gas is ignited, then the force of the power stroke, 
will give more turn to the fly wheel which carries the piston threugh the 
other three strokes until power stroke is reached again. (See page 116.) 

Therefore, during three strokes (suction, compression and exhaust), the 
engine is not developing power. There being only one power stroke out of 
the four. 

In starting the engine with the starting crank, the spark lever (chart 
33) must be retarded so that combustion occurs when the piston has begun 
to move downward on the power stroke, otherwise it will fire before piston 
reaches the top and run backwards for half a revolution termed “kicking or 
back firing.” 


Additional Explanations of the Pour Strokes. 

As explained four events, called the cycle, occur in the cylinder of a gasoline en¬ 
gine during every two revolutions of the crank, or, what is the same thing, during every 
four strokes. 

The strokes of the piston during the events of the cycle (as stated previously), are 
called the: 

1st — 44 Inlet’ 9 or suction 1 1 or 44 admission 9 ’ or 4 4 inspiration '* stroke, fig. 1 , chart 
29. 2d— 4 4 Compression * 9 stroke, fig. 2. 8d — 4 4 Power ' 9 or 4 4 firing 1 f or 4 4 working 99 or 
44 explosion ’ f stroke, fig. 3. 4th — 44 Exhaust” or 14 scavenge” stroke, fig. 4. These will be 
described in their proper order. 

*8uction stroke; the inlet stroke is a downward stroke of the piston, sucks in the 
explosive mixture. Note fig. 1, chart 29. 

The speed of the engine is governed by the amount of gas drawn into cylinder 
through the throttle valve of carburetor (page 66). If high speed is desired, it is 
necessary that all of the mixture possible may be sucked in, for it is clear that if the 
cylinder is only partly filled not as much power will be developed as would result from 
a full charge. There must be no obstruction in the inlet pipe to prevent the mixture 
from entering the cylinder easily, and the inlet valve must open wide enough to admit 
the fuU charge. (See chart 28,<33 and 106.) 

As the inlet valve is mechanically operated, the cam must be adjusted (by having the 
inlet cam gear properly meshed with the crank shaft gear) so that it will open the valve 
promptly as soon as the sucking action of the piston commences, which it is just beginning 
to do in fig. 1, chart 29. Note the cam is just starting to raise the inlet valve. 

If all the openings into the cylinder, as the exhaust valve, the spark plug, piston 
rings, relief cock, etc.—are not tight, air or gas will be sucked into the cylinder 
through them at the same time that the charge enters through the inlet valve, and 
this would destroy the proportions of the mixture. 

If the inlet valve does not open soon enough, the piston will have made part of its 
stroke before the charge begins to enter; if it opens too soon, part of the burned gases 
from the previous power stroke will be pushed into the carburetor. 

*8ee Dyke's working model No. 1, of the "T" head type of gasoline engine, and the four cylinder 
engine model for the “L" head type of engine. 

tThe pdaton of a steam engine moves as soon as steam is admitted to the cylinder—because 
pressure exists in boiler—therefore it is self-starting. There is no pressure in a gasoline engine un¬ 
til it is running—therefore it is not self-starting. The crank shaft must be turned by hand or an 
electrical or mechanical device. 
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Pig. 1. In this view we are looking at the end of the engine. Imagine end cylinder cut in half. 

The object Is to Illustrate how the gasoline from the tank flows to the carburetor and Alls the 

float chamber until the float needle cuts off the flow. The gas, mixed with air, is then drawn Into 

the cylinder by the suction of the piston on the suction stroke. During this suction stroke the Intake 

valve must be opened by cam (nose shaped affair at bottom of valve lifter) to permit gas to enter cylinder. 

After the cylinder Is filled with gas, which is the purpose of the suction stroke, the intake and ex¬ 
haust valves are closed and the piston on its up stroke (compression stroke) compresses the gas. At 
the highest point of compression the gas is ignited by the spark at the point of the spark plug and 

the piston is forced down with considerable force; this is called the explosion stroke. As the piston 

travels up again the burnt gas is expelled through the exhaust valve which should open at this time, 

and permit the burnt gas to pass out through the exhaust pipe and muffler, this fourth and last stroke to 

complete the operation, is called the exhaust stroke. 
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IHABT NO. 28—Elementary Principle of Carburetion and Ignition; explaining how the gas is 
sucked into Cylinder by down motion of Piston and how the Spark is made to occur at the 
correct time. 

Chart 29 on page 58.) 
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If it doses too soon y the cylinder will not get a full charge; if it closes too late, 
part of the mixture will be pushed out of the cylinder on the compression stroke. 

fCompression stroke. The next stroke up of the piston is the compression stroke. 
As the piston travels up, the mixture cannot escape, therefore it is compressed until it 
occupies only the space between the inside head of cylinder and head of piston. 

Power or explosion stroke; at this instant the spark should occur, which ignites 
the compressed gas causing the piston to be forced down with considerable force. This 
force or pressure is governed by the amount of gas and compression space in top of 
cylinder when piston is at its extreme up position. 

Too poor or too rich mixture will not burn as rapidly as a proper mixture, and must 
therefore be ignited sooner. 

In getting the proper time for the ignition of the mixture, it must be remembered 
that it is necessary for the spark to occur at such a time that all of the mixture is to be 
burned just as the piston is at the top of its stroke—when the gas is compressed to the 
highest point. 

The contact on timer or commutator, or the magneto contract breaker in the igni¬ 
tion circuit, is so arranged (see chart 33), that it may be moved, in order that the 
spark may occur in the cylinder at the instant desired by the driver; that is, the spark 
can be made to occur early or late by movement of the hand spark lever. Advancing 
the spark is to move the timer or contact breaker, so that the spark will ignite the 
mixture (early) before the piston reaches its upmost point in the cylinder. Retarding 
the spark is to move the timer so that the spark occurs later in the stroke, in some 
cases as the piston reaches its upmost position, or even a trifle after. 

If the spark is advanced too much, all of the mixture will have been burned be¬ 
fore the piston reaches its upmost point, so that it will be necessary for the fly wheel 
to force the piston upward against the pressure until it gets to its upmost point. This 
strains the engine, and causes a sound that is called an ignition knock; a hard, metallic 
sound that may be prevented by retarding the spark. 

It is seen from the foregoing that the speed of the engine may be also controlled 
(in addition to the gas throttle lever; see chart 33) by advancing or retarding the 
qpark, the speed of the car changing accordingly. 

Exhaust stroke: during the exhaust stroke, the cylinder is cleared of the burned 
and useless gases that are left from the power stroke. 

Toward the end of the power stroke, there is still pressure in the cylinder, and 
when the exhaust valve is opened this pressure will cause the gases to begin to 
escape. 

As the exhaust stroke is an upward stroke of the piston, the piston will push out 
through the exhaust valve all of the burned gases that do not escape by their own 
pressure. 

Back pressure, caused by the muffler or obstructions in the exhaust pipe, will 
prevent the burned gases from escaping as freely as they otherwise would, and all may 
not be pushed out by the time that the exhaust valve closes. 

If all the burned gases are not pushed out of the cylinder, it will prevent a full 
charge of fresh gas from being drawn in, which will cause a weak mixture and a weak 
explosion. 

The exhaust valve closes as the piston reaches its upmost point, or a little after 
it, the inlet valve opening as it closes. 

The exhaust valve and its seat are exposed to the full heat and flame of the 
burning mixture, and are more liable to warp or pit than the inlet valve. 

It must be watched, and if there does not seem to be perfect compression when 
the engine is cranked the probability is that it needs grinding to seat it properly. 

▲ proper mixture will be entirely burned before the exhaust valve opens. An 
improper mixture that burns slowly, may still be burning when the exhaust valve opens, 
and will heat the exhaust pipe and muffler so that the pipe may become red hot. Sueh 
a mixture wastes fuel, and may result in a fire. It may be corrected by making a 
correct adjustment of the carburetor and spark, which will be explained later on. 


fNoto on word “compression’’—the word “compression’’ as used by motorists in snob terms as 
“good compression” or “weak compression” refers rather to the compressibility of the engine than 
to the amount of pressure actually obtained in the cylinder, which, of course, varies very much with 
the amount of gas admitted to the cylinder during the suction stroke. 
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A—Upper half of crank cjlsc (turned upside down) 

shoving the lover half of one of the main bear¬ 
ings to the aide. 


D — Upper half ut Lhe crank fase (tamed 

upside down) showing cam shaft. 



B—Upper half of the crank case (turned upaide 
dovn) shoving the crank abaft in place in its 
bearings. 


Key to Engine Parts. 


Crank Case— 

Upper half (upaide dovn).4 

Crank case—lover half.I 

Crank shaft (4 cylinder) .I 

Fly wheel .4 

Starting crank .4 

Main bearings .I 

Connecting Bods .I 

Crank pin bearing.I 

Wrist pin .I 


Piston .I 

Piston rings .• 

Piston pin .I 


Cam Shafts .It 

Cams (nose shape, which raise the 

valves) .'.Ill 

Valve plunger guide .la 


Gears— 

Drive gear on crank shaft.li 

Cam shaft gear .110-lfl 

Magneto gear .S 

Pump gear .Ill 



G —Upper half of the crank case (turned upside 
down) shoving the connecting rods fitted to 
the crank shaft. 


Cylinders— 

Cast in paira— "T" head .* 

Inlet valve caps .41 

Exhaust valve caps .41 

Pet or relief cocks. Ill 

Outlet water connects with radiator.. .It 
Studs for cylinders . Ill 

Pump —(Water circulating) . i 

Intake water connection .Hi 

Valves —(Mechanically operated) — 

Intake gas valves .I* 

Exhaust valves .1* 

Valve springs .1® 

Manifold- 

Inlet gas pipe (supports carburetor 
and passage of gas to cylinders).. - * 
Exhaust pipe (passes to muffler and 
through muffler the burnt gaa is dis¬ 
charged) .* 


Ignition— 

Magneto, supplies electric current for 

igniting the gas—run by gear. 

Magneto distributor . 

Contact breaker on magneto. 

Spark plugs . 


CHART NO. 31—Explaining how a Four Cycle, Four Cylinder Gasoline Engine is Constructed. 1 

the reader will start with illustration (A) and study each carefully he will note different parts 9M 
added until the engine is completed. E 

VOTE:—The S. A. E. now designate the lower part of crank case as the "oil pan" when containing no beariafl 
If it contains bearings, it is termed lover esank case. S. A. * E. further designate crank cases of the **sM 
type" and the "barrel type."—In the barrel type the crank shaft is removed from one end of crank cam 
The bearing caps being removed through hand hole plates. Type shown here and most used is the "split typn 
with the bearings completely in the upper half as at (A). 

(Chart 30, see page 70.) * I 
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Types of Engines. 

As previously mentioned there are several types of engines, all of which 
work on the four cycle principle. In order that the reader may more clearly 
understand we will give an outline illustration of some of the different types * 
of engines in general use, see pages 70 and 71. 

The type of engine used more than any other type for automobile work, 
is the four and six, the eight and twelve V cylinder type of engines are also 
popular. We will confine our attention, however, principally to the four. 

Building a Four Cylinder Engine—showing 
the construction, step by step. 

Before the reader can thoroughly grasp the meaning and purpose of the 
parts, wexwill build up a four cylinder T-head type of engine as shown in 
charts 31 and 32. We shall then describe what each part is for, and the vari¬ 
ous constructions of the different parts by different manufacturers. 

♦Crank case: by referring to fig. A, we have an aluminum crank case, upper half part, 
which we lay on the floor, upside down, so that we can see the bearings (95). 

The bearings are made in two halves. The bearings are usually made of bronze or 
white metal and are termed “ bushings instead of bearings when removable or renew¬ 
able. The bushings are fitted into bearing caps. 

Shims (thin paper or metal strips) are placed between the two halves of the bearing 
so that when wear occurs a “shim” can be taken out and the lost motion taken up. 
See index. 

The crank shaft (92, fig. B), will now be fitted in the bearings. The bolts are 
tightened so that there is no lost motion. 

The connecting rods (93, fig. C), will now be fitted to the crank shaft. The lower 
half of the large end of the connecting rod, called the connecting rod cap, is removed, 
so that it can be fitted to the crank shaft. It is then tightened carefully, and shims in¬ 
serted so that it works free on the crank shaft, but good and tight, so that thjere will 
be no lost motion. If there was lost motion a knock or pound, which would cause wear, 
would be the result. 

The cam shaft (104, fig. D), with the four cams (105, nose shaped) are now 
fitted to its bearings. In this engine there are two cam shafts; one with four cams for 
raising the four inlet valves, and the other one, with its four cams (105) to raise the 
four exhaust valves. 

The nose of the cams are so placed that they are divided equi-distance apart so that 
when they revolve they will raise the valves, by pushing them up with their nose, at a 
certain given time. The timing gears whidh operate the cam shafts, will be explained 
further on. 

The crank case, is now turned right side up, after having fitted the lower half of the 
crank case (90) (oil pan). This lower half holds the oil, which the crank shaft splashes 
in (lubrication systems explained farther on). 

The piston or wrist pin (96, fig. E), in small end of connecting rod, is shown in 
the next illustration. This holds the piston to the end of the connecting rod (details of 
each part will be explained further on). 

After the four pistons are fitted to the connecting rods, the cylinders (39, fig. F), 
are fitted down over the pistons, being careful not to break the piston rings (98, fig. E). 
(Treated under repair section.) 

The cylinders (39, fig. F) are bolted to the crank case bf nuts fastening to studs 
(117, fig. E). 

The valve lifter guides (106, fig. F) are fitted in holes in each side of the crank 
case that they will come in line with the exhaust valves on one side of the cylinders, and 
the inlet valves on the other side. 

*Technically the term "crank case lower half" should be "oil pan" and as the term "crank 
ease lower half" is used only when it contains the bearings, whereas in this and most engines the 
lower half is merely an oil pan. 
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E—Upper and lower half of crank rase with 
lower hair of crank case bolted to the upper 
half* The upper half of crank case is now 
turned right Hide up. The pistons and pis- 
ton pin or wrist pins are shown—-also the 
studs to bold cylinders in place. 


F The cylinders (cast in pairs—"T" head 
type) are now bolted to crank case. 
The valve plunger guides are also fitted. 


I 


nc 


<3 —This view shows the Intake valves in cyl¬ 
inders, intake pipe with carburetor fitted 
to cylinders, also magneto mounted and 
geared to one of the cam gears. 



H —Shows exhaust valves (opposite side of engine) with 
exhaust pipe, relief cocks, water circulating pump. 
The flywheel is also mounted on end of crank shaft. 


t*r 


CHART NO. 32—Construction of a Four Cycle, Four Cylinder Gasoline Engine, Continued. Car- 

—buretor, ignition and water circulating system added. 
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Valve lifters are now fitted through these valve lifter guideB (see chart 26), which 
raise the valves through the action of the cams. 

The gear for driving the timing gears, called the crank shaft timing gear (169), 
la keyed or threaded to end of the crank shaft (92); this gear drives the two timing 
gears (110 and 111). 

•The cam shaft timing gears are keyed to the cam shaft (104), one gear and shaft 
to operate the inlet valves (119), fig. G, and the other gear and shaft to operate the ex- 
haast valves (120), fig. H. The gear case is filled with grease and a cover is placed over 
the gears. (On modern engines the gears run in oil.) 

The Inlet valves are placed in their seat by letting them through the inlet valve eap 
holes (40). 

The exhaust valves are placed in position, on the opposite side of the cylinders, in 
the same manner. 

The inlet manifold (46) fig. G, is now bolted to the inlet valve side of the cylinders, 
and the carburetor is connected to it. 

The exhaust manifold (47) fig. H, is bolted to the exhaust side of the cylinders, and is 
connected with muffler (48) at rear of car, by the exhaust pipe (47); see chart 6. 

The exhaust valve caps (41) and the inlet valve caps on the opposite side are now 
screwed in place—tightly. 

The priming cups also known as compression or relief cocks (115) fig. H, are screwed 
into the exhaust valve caps. 

The spark plugs (66) are screwed into inlet valve caps or in center of each cylinder 
as per page 64, but usually over inlet valves. 

The fly wheel and starting crank (44-43) are fitted to each end of the crank shaft. 
By referring to fig C-92, the reader will note the end of crank shaft tapers, and a* 
flange is also turned on this crank shaft. The fly wheel fits to this taper and bolts 
to the flange, as there positively must not be any lost motion. 

The magneto (53) fig. G, is bolted in place on a brass base provided for it, on the side 
of the engine. An extra gear (which will be explained further on) is operated by the 
earn shaft and drives the magneto, which generates electricity. The electricity is dis¬ 
tributed to the four spark plugs (56) at certain periodical times by the distributor on 
magneto (122) fig. G. 

We now connect our wires through switch (55, see chart 1) to magneto. This switch 
is to cut off or turn on the electric ignition. 

The circulating pump (49) is connected to the water jacket of cylinders. The 
gear (113) driven by the,cam gear, drives the pump, and keeps the water in constant 
circulation, which keeps the cylinders from getting too hot, not over 170 to 180 de¬ 
grees Fahr. We now connect rubber hose (51) to metal pipes on radiator (60), see chart 1, 
and also to our pump (49) and belt up our fan (52), which is run from the same 
shaft. The radiator is filled with water by unscrewing cap (50, chart 1). 

We now connect the gasoline fuel pipe (62) from gasoline or fuel tank (58, see 
chart 1) with carburetor. 


f Starling the Engine. 

We now have our engine ready to run (we will presume it has been 
fitted to car as shown in chart 1). 

We now put the gear shift lever in “neutral” position, so the car will 

not move when the engine begins to run. 

The starting crank is revolved, which turns the crank shaft, timing 
gear and moves the pistons, (see chart 26). The crank shaft timing gear 
revolves the cam gears which in turn revolve the cam shaft, and which in 
turn revolves the cams. 

When the cams turn, one of them with its nose pushes up one of the 
eight valves in one of the four cylinders. (There is one intake and one ex¬ 
haust valve for each cylinder.) We will suppose that this valve being raised 
is the inlet valve of No. 1 cylinder. As this valve is raised the piston will be 
going down on the suction or intake stroke, as explained in fig. 1, chart 29, 
and draws in a charge of gas. 


•The (ear* are timed aa shown under valve timing.^ 

tSea page 59 why it is necessary to start a gasoline engine. 
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Fig. 1.—Illustrating the principle of opening and closing the throttle valve on 
the carburetor by the throttle lever on the steering wheel. 

See Chart 8 and note Pig. 68 and follow the rod leading through the steering 
column (63) and note how it connects at (72), with carburetor. 

Opening the butterfly throttle valve on the carburetor admits more gas into the 
cylinder, thereby increasing the speed. Closing this valve reduces the speed. 

At the same time the throttle lever is “advanced,” the spark lever, which shifts 
the contact breaker on the magneto, is “advanced” also. 

If a timer with a coil system of ignition is used, then the spark lever (see page 60) 
shifts the timer instead of the contact box on magneto. 

The object in advancing the ignition as the throttle is opened, is to cause the gas to 
ignite earlier—which is explained on page 67. 
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CHART NO. 33—Elementary Principle of Control of 8peed of Engine: explaining thl 
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The suction stroke is now completed; the gas which was drawn into the 
cylinder must now be compressed. Just as it is compressed, the electric 
spark occurs at the point of the spark plug and ignites the gas. 

At the moment the gas is ignited, the force of the explosion forces 
the piston down and this force gives momentum to the fly wheel, which 
will keep the crank shaft in motion until another piston in one of the four 
cylinders has drawn in and compressed its gas and fired. The cycle opera¬ 
tion explained in chart 29, is repeated over and over again in each cylinder. 
(See page 116, how a 4 cylinder engine fires.) 

• 

Control of Speed of Engine. 

After the engine is started with starting crank (self starters will be 
explained further on), the speed of engine is controlled by opening and clos¬ 
ing the throttle of the carburetor which, when opened admits gas to the 
cylinder. The more gas admitted the stronger the explosive force will be, 
hence more speed. The gas of course, is admitted through the inlet valve 
during the suction stroke. 

The opening and closing of throttle is regulated by hand by means of 
the throttle lever (fig. 1, chart 33 and 106) on the steering wheel, or by a foot 
pedal connected with the same throttle lever called an “ accelerator.” (See 
index.) 

Garburetion; the carburetor is connected to the* inlet manifold by the 
inlet pipe, and the gasoline flows to it from the supply tank through a 
small brass or copper pipe, called fuel pipe. 

Pure gasoline vapor will not burn, but must be mixed with air before it 
can be used to develop pressure. The mixing of gasoline vapor and air in 
the proper proportions is called carburetion. To give the best results, the 
mixture -of gasoline vapor and air must always be in correct proportion. 
(See index.) 

There is a passage through the carburetor into which the air is drawn as 
the piston makes the suction stroke. The liquid flows to the carburetor and 
is brought into contact with the current of air. The gasoline turns to vapor, 
and is absorbed by the air, the mixture being sucked into the cylinder on the 
suction stroke. 

The quantity of mixture that is drawn into the cylinder during one suc¬ 
tion stroke is called the charge. Details of carburetion are given in Instruc¬ 
tion 12. 

Ignition; when the throttle is being opened and.the engine begins to 
speed up, it is then necessary to also 11 advance” the time of ignition in other 
words, cause the spark to occur sooner than when engine was running slow. 

A spark lever is usually placed on the steering wheel along side of the 
throttle lever, which is connected by a rod and bell crank to the contact 
breaker box on the magneto or if a coil and timer is used, to the timer. (See 
chart 33 and 106.) 

When the spark lever is moved, it also moves the contact breaker box 
on magneto or commutator, which causes the spark to occur “late” or 
“early” according to the movement of this lever, (chart 33). 

The reason for advancing the spark is as follows: To begin with, the 
charge is set on fire, or ignited, at the proper time by an electric spark. 

The current of electricity that supplies the spark is produced by a bat¬ 
tery, or a magneto or dynamo driven by the engine. 

The exact instant for the ignition of the charge depends on the kind of 
work to be done, the speed of the engine, and the quality of the mixture. • If 
the charge is ignited too soon or too late, the engine will not run properly. 
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The time of ignition, or instant when the electric spark sets fire to the 
charge is controlled by means of a commutator, timer or contact breaker 
which is advanced or retarded by the driver by means of a spark lever on 
the steering wheel. 

We have up to this time supposed that the spark occurs exactly at the 
moment when the piston reaches the top of the compression stroke. Now, 
thi* would be its correct timing were it not that the gas takes quite an ap¬ 
preciable time to explode after being ignited, an interval let us say of 1/240 
of a second, so that before the gas has had time to burst into a full explosion, 
the piston, on account of its great speed (suppose it is traveling at 1,500 
revolutions per minute), will have traveled about a quarter of a stroke down 
the cylinder before being affected by it. This means a quarter of every 
power stroke wasted. 

♦The advance of spark; the remedy for this is to make the spark occur 
a quarter of a stroke earlier; that is, make it occur when the piston has com¬ 
pleted but three-quarters of the compression stroke so that the full burst of 
explosion and the piston arrive simultaneously at the top of the stroke, or on 
top ‘'dead center.” This is called advancing the spark. 

The retard of spark; suppose the engine is now running at only half the 
speed, say 700 revolutions per minute. During the exploding or igniting 
period, which we assumed to be 1/240 of a second, and which remains the 
same, the piston, with its speed now reduced, has not time to travel 
so far, and the spark therefore need not be so much advanced. 

Again, when the engine runs dead slow, say at 100 revolutions per 
minute, which is slow for a motor car engine, the spark requires hardly any 
advance at all. So that we see at once that the faster the engine runs the 
more the spark must be advanced, and that the slower the engine runs the | 

less it need be advanced, or, to express it in a more usual way, the more 
the spark must be retarded. 

Let it be clearly understood that to “advance” or “retard” the spark, 
means to cause the spark to occur earlier or later relatively to the position of 
the piston. It does not mean that the spark is made to occur more frequently 
or less frequently. 

Question. —How can the spark be made to vary as to the time at which it takes 
placet 

Answer. —In chart 33 a device is shown on the magneto which is called a “contact 
breaker.” This is usually placed on the end of the magneto armature shaft which 
la operated b/ the cam shaft. It is nothing more or less than what we might call a 
rotary or revolving electric switch. For instance, suppose the contact is made om 
dead center, but should it be necessary to advance the spark, the contact breaker can 
be turned, by means of a spark lever on the steering wheel. This will cause the 
spark to be turned on earlier or before the piston has reached the top of the stroke. 

Question. —Suppose I do not advance the spark when the throttle is opened and 
engine is running fast, what thent 

Answer. —The engine wastes say quarter of every explosion stroke, and fails to 
run so powerfully as it would were the spark properly timed or advanced. 

Question.—What if I advance the spark when the engine runs slowly f 

Answer. —Then there will be a fierce struggle inside the engine; the piston fighting 
to complete the compression stroke, and the explosion, which has occurred too soon, 
trying to force it back again. And which winst If the engine is working fairly 
briskly, the piston overcomes the explosion; otherwise the explosion drives back the 
piston, and stops the engine 

This is why frequently when an engine is cranked it “kicks back”; the spark 
has been advanced too far, and the piston can’t overcome the early explosion. 

Question.—How can I tell when the spark is too much advanced f 

Answer. —There will be a sound in engine as of a hammer striking the top of the 
piston. The engine will be said to knock, and the more the spark is advanced the 
lender will be the knock. 

•Note.—Lag in the explosion stroke is also due to the electrical apparatus producing the spark, see 
pages 808 and 248. *See also pages 305 to 809. 
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Question.—And what should make it knock? Does the piston strike the top 
of cylinder? 

Answer.—We have already pointed out that this is impossible, as the length of 
the stroke is invariable; neither does it appear that it is caused by a general looseness 
throughout the parts of the engine, since new engines knock as much as old ones. 

A possible explanation, and one which has received some support, is that the 
charg% in the cylinder detonates in much the same way as certain solid explosives. 
A piece of gun-cotton, for instance, if laid upon an anvil and lighted with a match, 
burns silently, because it has all the space to expand in that it requires, but if instead 
of its being lighted it be struck with a hammer, it goes off with a loud report. 

Now, in the case of the gas exploding in the cylinder, if the piston is able to 
move away from it easily and thus give room for the expansion, there is no noise, 
but if, as in the case we are discussing, the piston moves against the explosion, like the 
hammer falling on the gun-cotten, the result is a report. 

The knocking is not always detected easily by the novice, who will probably eon- 
fuse it with other sounds on the car, but when once it has made itself evident, the 
spark should be, instantly retarded until the knocking ceases. 

The strains set up in an engine which is allowed to knock may seriously damage 
connecting rods and cranks. 

An engine should not be slowed by retarding the spark. If it has been noticed 
by the reader during the last few paragraphs that it is possible to slow an engine by 
retarding the spark, let him at once understand that this is the last method by which 
it ever ought to be done. 

It is not only unscientific, but is also wasteful of fuel, unnecessary work for the 
engine, and causes rapid pitting of the exhaust valves, the gases passing through them 
in an incandescent form. 

The correct method of slowing down or increasing the engine dpeed is to shut or 
open the throttle valve, which is situated between the carburetor and the inlet valve, 
by which the amount of fuel supplied to the engine may be regulated (see illustra¬ 
tion, chart 33, fig. 1). Then as the engine varies its speed slower or faster, the spark 
should be retarded or advanced accordingly. 

The rule therefore Is to let the engine speed follow the throttle and make the spark 
follow the engine speed; or to put it in another way, to drive economically, keep the 
throttle valve closed as much as possible and the spark advanced as far as possible, short of 
knocking or tendency to knock. 

Retarding the spark too much produces heat, see page 319. 

• Ignition. 

Consists of a spark plug, a source of electric supply, which may be either a mag¬ 
neto, generator or battery and coil. If the latter system, then a timer or commutator is 
used to make contact from the battery to the coil, causing a spark to occur at the points of 
the spark plug. See fig. 6, chart 39 for an early form of commutator—more modern 
methods will be treated further on. 

The spark plug can be placed over center of piston or side of cylinder if overhead 
valves. If side valves; over inlet valve—usually screwed into inlet valve caps—see 
chart 30-A. 


Oarburetlon. 

This subject is treated under instruction numbers twelve and thirteen 


z Cooling. 

The explosion of the charge in the cylinder produces heat. This heat is so intense 
that the lubricating oil will burn and be made useless if the cylinder is not kept fairly 
cool. If the lubricating oil were burned, the friction of the piston against the cylinder 
walls would be so great that they would cut each other, and the piston would stick, 
stopping the engine. The cylinder must therefore be kept from heating to the point at 
which the lubricating oil would burn, but ps the heat develops the pressure, the cylinder 
must not be too cool. 

The cylinder may be cooled either by a current of air, or by water circulating around 
it. See instruction number fourteen on the subject of cooling. 

Fuel System. 

There are two fuel systems in general use for feeding the gasoline to the carburetor: 
the pressure and gravity feed—the two will be explained further on under instruction 
number twelve. 


Lubrication. 

There are several methods for lubricating the moving parts of an engine* which will 
be fully treated further on under instruction number fifteen. 
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Fig. 1. A single cylinder Ter- Fig. 2. ▲ single cylinder horizontal type of engine* with water j 

tical type of engine* with air eooled cylinder. Formerly used on light weight automobiles. Seldom 


cooled cylinder. Valves are both used* valves mechanically operated. 

on the side and mechanically oper- Fig. &. A double cylinder opposed type of engine* with water 

ated. There are two fly wheels cooled cylinders and mechanically operated valves. Note cylinders 

with a crank pin between them. are 180* apart. Oylinders are “L” type. The crank shaft is also 

The fly wheels run inside of the 180* type. 

aluminum crank case. This type Fig. 4. A twin cylinder “V” type of engine* with cylinders 

Of engine is used on motorcycles, placed 45* apart. Oylinders air cooled. Valves mechanically oper- 

cycle cars, and railroad light cars. ated from overhead. Oylinder is the “round” type. This type of 

engine used on motorcycles and cycle cars. 

Fig. 5. A four cylinder vertical type of engine* with transmis¬ 
sion and clutch in one housing joined to engine—called a “unit 
power plant.” This engine is suspended in 





frame at three points, therefore it would be 
called a “three ^>oint suspension” type of 
power plant. Valves all on one side of the 
“L” type cylinders. 

The cylinders are all cast together or “in 
block.” The cylinder head is in one piece. (The 
Ford.) 


Fig. 6. A six cylinder “unit power plant.” Trans¬ 
mission, clutch case join the engine. Cylinders are cast 
together or “in block.” 



.Hr-CVLlfioe*, 




Fig. 8. Eight cyl¬ 
inder “V” type en¬ 
gine* with cylinders 
placed at an angle 
of 90* apart. One 
cam gear operates 
the valves on both 
sides of the “L” 
shaped cylinders. 
There are four cylin¬ 
ders on each side, 
usually “in block." 
Crank shaft is a four 
cylinder type (180*) 
crank, with two con¬ 
necting rods to each 
crank pin. 



Fig. 7. A four cylinder engine with cyl¬ 
inders cast separate. All valves are on one 
side; hence “L” type cylinders. 
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3HART NO. 30—Types of roar Cycle Gasoline Engines. 

Chart 34 on page 74. 
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The Studebaker six cyl¬ 
inder engine, specification* 
of which are given under 
*' specifications of leading 
cars" and "standard ad¬ 
justments of leading cars," 
is a typical example of a 
modern six cylinder engine. 

The cylinders are "L" 
type with valves all on one 
side. The exhaust and in¬ 
let ‘manifold are • placed 
on one side. Parts of the 
engine are lettered. The 
lubrication is the “cir¬ 
culating splash" system as 
described under instruction 
fifteen. 



The Lycoming engine is used on several makes 
Of Cars (see specifications Of leading cars). 

The illustration above shows the four cylinder 
engine with 3 M inch bore and 5 inch stroke. Cyl¬ 
inders cast ‘'in block;" crank shaft two-bearing. 
Note fiy wheel bolted to crank shaft flange. A cone 
clutch is shown in the rim of liy wheel. Cam 
shaft is 1 inch diameter and carried on three 
bearings. Timing gears helical steel; crank shaft 
gear is steel and cam shaft gear cast iron. Gears 
are marked for retiming. Valves 1% in. diameter 
and on right side of engine. Bearings; crank 
shaft and connecting rod bearings made of 
die cast white metal, 

Split and are adjustable 
by removing shims. Oil 
packets provided in hear 
mgs. Oooling; thermo 
syphon. Lubrication cir¬ 
culating splash. Igni¬ 
tion in this particular 
illustration is the At- 
water-Kent distributor 
and timer operated from 
cam shaft. (Mfgra. Ly¬ 
coming Pndry. & Mach. 

Co.. Williamsport, Pa.) 


The Continental En¬ 
gine is probably the 
most extensively Used 
engine on different auto¬ 
mobiles. By referring to 
the specifications of lead¬ 
ing cars the name of 
cars using this engine 
will be given. 


In addition to the In¬ 
formation given on the 
illustrations, other in¬ 
formation is given on 
this engine elsewhere— 
aee index. 


CHART HO. 80 -A—Examples of Modem Engines showing a cross sectional view. See Speciflcatioi 
of Leading Gars for Specifications of Engines and Users. 


































































































































































72 


DYKE'S INSTRUCTION NUMBER EIGHT. 


INSTRUCTION No. 8. 

^ENGINE PARTS: Stationary Parts. Moving Parts. Purpose, 
Principle and Location of Parts. 

The stationary parts are: crank case, upper and lower half, bearings, 
cylinders, exhaust and inlet ports, valve caps, compression or relief cocks, 
water cooling pipes, carburetion and part of the ignition systems, exhaust 
and inlet manifolds. ' 

The moving parts are: crank shaft, connecting rods, pistons, piston 
rings, piston pin or wrist pin, cams, cam shaft, timing gears, crank shaft 
gear, valves, valve plunger or tappet or lifter. 

Crank Case. 

The cylinder is attached at its open end to the crank case, which forms 
a box around the crank shaft. 

The crank case is of irregular shape, so that while there is plenty of 
room for the cranks and connecting rods to operate, there is little waste 
space. It contains the crank shaft bearings, and forms the bed-plate or 
foundation, for the engine. 

It is often made in two parts, an upper part bolted to the cylinder and 
containing the crank shaft bearings, and a lower part enclosing the crank 
shaft and which is called the 4 "oil pan.”** 

As the lower crank shaft case is intended to contain lubricating oil, it is 
tight so that there may be no leakage. Usually the lower part of crank case 
can be removed for adjustment of bearings. 

The crank case is usually made of aluminum alloy, or if in two pieces, 
the upper may be made of bronze, and the lower of aluminum and some¬ 
times cast iron. 

The crank case is used to support various parts of the mechanism, like 
the pump, magneto, etc. For an illustration of a crank case, see chart 31, 
fig. A, and chart 32, figs. E and F. 

The arms for supporting the crank case on the chassis are sometimes 
made short to bolt to a sub-frame (22), as shown in chart 5, while oth6r manu¬ 
facturers make longer arms to extend and bolt to the main frame (21). 

A 14 three point suspension” is where the power plant is suspended in 
frame at three points of contact. 

A "unit power plant” is where engine clutch and transmission are in 
one unit as in fig. 6, chart 30 and page 44. 

♦Engine Bearings. 

Engine crank shaft bearings are known as main bearings. Most of the 
manufacturers make four cylinder engines with three main bearings for the 
crank shaft, while others have as many as five. 

On six cylinder crank shafts there are as many as seven bearings, the 
majority using three. See chart 36 and 55. 

If the six cylinders are cast "single” which is unusual, usually 7 bear¬ 
ings; 2 ends and 5 inside are used. If cylinders are cast in "pairs” usually 

•For repairs on engines, see * ‘repairing instruction.” 

••The S. A. E. designate two types of crank cases; the “split type” where the lower part is sep* 
arate and contains no bearings. The lower part is then called the “oil pan.” The “barrel type'* 
is when the lower part is permanently attached and has a hand hole plate for reaching the bearings, 
and crank shaft is removed from end of crank case with the removal of crank case head. 
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3 bearings; 2 ends and 1 inside. If cylinders are cast “in block,” usually 3 
bearings; 2 ends and 1 inside center (small engines). If ball bearings are 
used, then there are usually 3 bearings. 

The bearings of a crank shaft are usually in two parts and made of 
bronze or *white metal babbit, or other metal that does not wear rapidly. 
These bearings are split lengthways into two parts, one part being sup¬ 
ported by the engine base (called the bearing journal—fig. 1, chart 35), 
so that the shaft lies in it, and the other part covers the shaft at the same 
point, and is held in place by means of cap screws, (see fig. 3, chart 34). 

When one of the main bearings becomes worn the lower cap is removed 
and a shim is taken out so it can be drawn tighter to the shaft. If it is burned 
or cut then a new lining of brass or babbit called a “bushing” must be put 
in or it can be dressed by scraping. 

These shims are plates of thin metal placed in both main and connect¬ 
ing rod bearings (see fig. 2, chart 34), which are fitted in between the cap 
and upper part of bearing, so that by removing a shim or two they can be 
drawn closer together when loose. 

A bushing is that part of a plain bearing that the shaft comes in contact 
with. They are usually made of babbit, phosphor bronze or white metal. 
The phosphor bronze are very hard and last a long time, but are somewhat 
liable to “sieze” if run without oil. 

A white metal bushing consists of a layer of white metal, run, (when in a 
molten state), into a channel in the bearing. It then hardens and is scraped 
and polished. White metal has the virtue that if ill treated it does not seize 
and do much damage, but if run for a long time a knock would result. 

Probably the first bearings to require renewal are those of the connect¬ 
ing rod. See page 641. 

Connecting Sod Bearings. 

The big end of the connecting rod is attached to the crank pin, and a 
bushing of bronze or white metal or other metal (with a melting point lower 
than that of cast iron) in the form of a shell surrounding the crank pin is 
Secured in it. (Chart 34, fig. 1.) 

The bushing is split lengthways into two halves, like the bearing of the 
crank shaft, one part being set in the connecting rod and the other being 
held in place by the connecting rod cap. 

The small or upper end of the connecting rod contains a solid bushing 
that forms the wrist or piston pin bearing. (Fig. 1, chart 34.) 

Because of the small space in the piston, it is not possible to have this 
bushing split and held in place by a cap. The bushing is therefore set in 
the connecting rod, and the wrist or piston pin pushed through it. The 
wear of the wrist pin bearing is slight, and if it should wear loose, a new 
bronze bushing is driven into the connecting rod. 

The wrist or piston pin is passed through the piston, and secured so that 
it cannot move. (See fig. 4, chart 34.) It is usually case hardened. 

On the Ford, fig 5, the wrist or piston pin moves with the motion of the 
connecting rod. The small end of connecting rod being clamped to it. The 
wrist pin moves in bronze bushings fitted in the piston. 

Through the connecting rod, the piston transmits the pressure of the ex¬ 
plosions to the crank shaft and fly wheel In order that it may withstand the 
heavy shocks of the explosions, the connecting rod must have great strength. 

It is made of drop forged carbon steel, heat treated and in rare in¬ 
stances bronze. A straight I-beam type is used almost universally. 

*See index for “white metal bushings.” Connecting rods for high speed engines must be made 
light as possible, henoe bronse being heavier is seldom used. 
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Fig. 1.—A connecting rod show¬ 
ing wrist pin bearing, and crank 
pin bearing and cap. 
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Fig. 4.—Sectional view of pis¬ 
ton. Note Wrist pin is stationary. 
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Fig. 0.—In order to prerent 
compression passing tbrongh joints 
x of rings; they are placed as il¬ 
lustrated. Three rings is the usual 
number to a piston. 


Fig. 5.—Note in this typo 
(Ford) the wrist pin moves with 
the upper end of connecting rod. 


r~ 


Fig. g.—types of piston 
ring joints. 



SHIMS 



SHIMS 


Fig. 2—Connecting-rod bearing 
shims 


end with cap removed to show 



^UPPER 
HALF 

or 

BEARING 


FIQ.T -Crankshaft tearing 


TH.7.—V) >per illustration shows a con¬ 
necting rod, crank pin and crank arm on 
a single cylinder motorcycle or cycle car 
engine. Note crank pin is between the 
two fly wheels which are .placed in the 
crank case. Lower illustration explains 
the method of connecting two connecting 
rods to one crank pin on a “V” type en¬ 
gine. 


Fig. a. —Illustrating how shims or liners are 
placed between lower connecting rod cap and upper 
part. When worn a liner can be removed. This 
permits the cap to be drawn closer to crank pin. 

Fig. 3.—Showing how one of the crank 

shaft bearings is lined with white metal babbit or 
bronze. Liners or shims are also used. 


CHABT HO. 34—Engine Farts; bearings, connecting rod, piston, piston rings. 
v Ote—8. A. E. hara diacontinued the nee of word write pin for pUton pin which of conn. U more appltanbls. 
Chart 81 on page 68. 





























ENGINE PARTS. 


75 


Connecting rod on a crank shaft of a “V” type engine can be placed 
either “yoked ’* or “side by side” as shown in fig. 7, chart 34. When they 
are yoked, the cylinders would be “in line”; if side by side the cylinders 
would be “staggered” or slightly out of line. See fig. 5, chart 36 of con¬ 
necting rods on an eight cylinder engine. 

♦Pistons. 

The piston of a gasoline engine is called a trunk piston* to distinguish 
it from the disc piston of a steam engine. (See chart 34, fig. 6.) 

A trunk piston is longer than its diameter, and is hollow, with one closed 
end. The closed end is toward the combustion space, and it is against the 
closed end that the force of the explosion acts. 

The piston pin passes through the piston, usually about the middle or a 
little nearer the top (dependant on the stroke.) 

The open end of the piston permits the connecting rod to swing from 
side to side. 

•The piston does not fit the cylinder tightly, for a tight fit would cause 
friction and wear. This space is called piston clearance, (see index.) The 
piston is usually slightly smaller at the top than bottom because the heat is 
more intense at top and expansion must be allowed for. 

The pressure from the explosion is prevented from escaping between 
the piston and the cylinder wall by piston rings. 

The piston rings fit in the groove around thfc upper end of the piston, 
and there may be from two to five of them, usually three. The rings fit the 
groove snugly, but not so tight that they may not move freely. 

They are cut crossways, so that they may be sprung open. When closed, 
so that ends touch, the rings are a trifle smaller than diameter of cylinder. 

When sprung open, they are larger than the diameter, or bore of the 
cylinder. They are so made that they always stand a little open. 

The rings are slipped into the grooves by springing them open, and 
sliding them over the piston. 

When a piston is to be placed in a cylinder, the rings are drawn to¬ 
gether (see repair subject), so that they will slide in easily. The piston with 
its rings fits the cylinder snugly, and the elasticity of the rings keeps them 
pressed against the cylinder wall, making a fit that keeps the pressure from 
escaping. 

None of the pressure of the explosion being able to escape, it is all 
exerted against the closed end of the piston, or piston head. 

The rings must be placed on the piston so that the ends are not one over 
the other, for if they were in line the pressure might escape through them. 

The rings are prevented from moving around the piston by pins placed 
between the ends. (Not on all pistons.) The only motion they have is the 
spring in and out. 

The ends of the rings are beveled, or made with a joint that is shaped 
so that it is tight whether the rings are closed or open to the size of cylinder. 


•For piston ring fitting* etc., see “repair instruction.” Aluminum alloy pistons are now being 
used to a certain extent instead of cast iron for the following reasons: They are about one-third 
lighter. The inertia of the reciprocating piston is reduced considerably. This cuts down side pres- 
®r thrust on the walls of the cylinders. This reduces friction and the consumption of lubricating 
„ The great heat conductivity of aluminum alloy lessens the carbon deposit on the piston head and 
the deposit is more easily removed. In case of extreme heat if the piston seizes or buckles the cylinder 
is not damaged with aluminum pistons. First, there was a little trouble from wear on the skirt' it 
was difficult to get a close enough fit to insure absence of slap without abrasion. The trouble was 
overcome by one concern, the Franklin, by turning a shallow, square groove of screw thread form from 
the bottom of the skirt to just beneath the lower ring. This holds oil securely and allows a smaller 
clearance than is possible with a plain piston. Also see page 645 and 651, 637, 792. 

* Pistons and connecting rods must be made lighter for high speed work. Where cast iron is 
used, which is general, the piston is made lighter by making the skirts thinner and piston pin boss, 
lighter. On small high speed engines the piston skirt is drilled all over with large holes for lightness! 

*The usual clearance between a piston and the cylinder wall is explained in repair subieet. 
See index for “pistons size of.” The maximum clearance is at the upper part, for here the expan¬ 
sion is greatest owing to the heat of the explosion. 
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Fig. 1 — A single throw 
crank shaft. Crank set at 
360 degrees. 



Fig. 2—A two cylinder ver- Fig. 3—A two throw crank 
tic&l engine with a 360 shaft for a two cylinder ver- 

degree crank shaft; both tical engine, crank set 180 

connecting rods on one degrees. 

crank pin. 1 




Fig 7—A two cylinder twin type of en¬ 
gine used on motorcycles and light cars. 
Note the 360 degree crank. Cylinders 
at 42° angle. 



Fig. 8—A “V” type eight cylinder engine. A regu¬ 
lar 180 degree four cylinder type of crank shaft is 
used with two connecting rods on one crank pin. 


Fig. 4—A two cylinder opposed type of engine with i 
crank shaft set 180 degrees. Cylinders are also 

1 fin A„rr,. n r>n 



Fig. 5—A three cylinder vertical type of engine > 
with cranks set at 120, degrees. Note No. 2 piston I 
is up. No. 3 (right) would be 120 degrees or one- 
third of a revolution; No. 1 would be 120 degrees I 
or one-third revolution from No. 3, or -two-thirds ' 
from No. 2. I 



Fig. 6—A four cylinder vertical engine with crank 
shaft set 180 degrees. Note 1 and 4, and 2 and 3 
pistons are always in line. 


7HABT NO. 85—Crank Shafts. 
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Two of the usual types of piston rings are shown in chart 34, fig. 8. 
♦piston rings are made of cast iron. 

There are many improved types of piston rings which the manufacturers 
claim will not leak; usually three rings are placed on a piston. The Falls 
Co. has changed to two rings and claim that for high speed work two is suffi¬ 
cient whereas, for slow speed work three rings are necessary. 

fThe Crank Shaft. 

The crank shaft throw changes the reciprocating motion of the piston 
to the rotary motion necessary to turn the wheels. It rests in bearings that 
hold it in a fixed position, but permit it to revolve. \ 

The crank pin must be rigidly attached to the crank shaft, and to secure 
this rigidity they are usually made in one piece, solid as in fig. 1, chart 35, 
and is made of chrome nickel steel. 

The crank projects from the crank shaft, and when the shaft revolves, 
the crank makes circles around it. A crank is one of the most common 
mechanical devices. The crank pin is that part to which the connecting 
rod fits and is also called the “throw" of the crank. 

A windlass is turned with a crank; a bucket or chain pump is operated 
with a erank; the pedals of a bicycle form cranks. 

In a bicycle, the crank arms are attached at their inner end to the crank 
shaft, and to their outer ends the pedals are attached. 

When riding a bicycle, the feet press on the pedals at the ends of the 
crank arms, and make the crank shaft revolve. The feet describe circles 
around the crank shaft. Each crank arm and pedal form a crank and there 
is only one arm to a crank. 

In a gasoline engine, two arms are necessary for the reason that the 
cranks are not at the ends of the shaft, there are therefore two arms to each 
erank. (Fig. 1, chart 35.) 

The outer ends of the crank arms are connected by the crank pin. The 
crank pin corresponds to the pedal of a bicycle. A gasoline engine has as 
many cranks as it has cylinders* (see foot note). 

Meaning of Degrees as Used with Crank Shaft. 

The position of a crank on a crank shaft in relation to other cranks on 
the same shaft is expressed in degrees of a circle. 

If a crank shaft has two cranks projecting in opposite directions, as in 
fig. 3, 4 and 6, chart 35, it is called a 180 degree crank shaft. 

If the cranks project from the same side of the shaft, as in figs. 1 and 2 
so that the crank pins are in line it is called 360 degrees crank shaft. 

In such a case, as shown in fig. 2, chart 35, instead of having two pairs 
of crank arms with a crank pin to each pair, the crank pin may be made 
long enough to hold both connecting rods, and has only one pair of crank 
arms. Both connecting rods drive one crank. This type of engine, however 
is not used on account of its'uneven firing (see chart 53, page 116, for firing 
orders). Engines with crank shafts as shown in figs. 3 and 4 would fire more 
regularly. 

The engine in fig. 4 is called the opposed type of engine. It was formerly 
used to a great extent on small cars and is still used to some extent on 
tracks and tractors for heavy work. The cylinders are placed 180 degrees 
apart (see fig. 1, chart 38); the crank shaft is also 180 degrees. 

The four cylinder engine, fig. 6, chart 35, employs a 180 degrees crank 
diaft. Note “throws’’ of crank on cylinder 1 and 2 are 180 degrees apart, 
and 3 and 4 are 180 degrees apart. 

tSee chart 55 for six cylinder crank shaft explanation. 

•Pi*. 2 shows a two cylinder engine with one crank. This type, however is obsolete. 




Fig. ' 5. A regular four cylinder type, 180° 
crank shaft is used on the 8 cylinder “V" type 
of ^engine. Two connecting rods are placed on 
one crank pin; either side by side, or yoked 
(see fig. 7, chart 34). 

If side by side the two cylinders would not be in 
line but ‘’staggered.” If connecting rods were 
"yoked” then the cylinders would be in line. 


^ % Fig. 6. In this Illustration 

f yHv ) the idea is to explain the 

term "degree” used in con- 
nection with crank shafts. 

Any perfect circle is 360°. If the circle is di¬ 
vided into quarters, each quarter would be 90 °; 
half of the circle 180°; a third 120°. 

Fig. 1. Note one crank pin—hence 800° crank. 
Fig. 2; from center of one crank pin to center of 
other is half a circle or 180°. 

Fig. 3; here we have two pairs of crank pins as 
shown in fig. 2, but on one crank; also 180°; 
Fig. 4; end view of a three or six cylinder crank 
shaft. Note crank arms are one-third apart 
or 120°. 


CHART HO. 86—Crank Shaft Construction. 
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Therefore, pistons on cylinders 1 and 4 are always up or down together, 
and 2 and 3 are up or down together or in line. 

The eight cylinder “V” type engine would in reality be nothing more 
than two four cylinder engines with cylinders set “V” shape. The angle of 
cylinders usually being 90 degrees or one-half of the 180 degrees of the 
crank shaft. The same four cylinder 180 degrees crank shaft is employed. 
There are two connecting rods to each throw of the crank, which can be 
placed “side by side,” fig. 5, page 78 or “yoked,” fig. 7, page 76. 

If connecting rods were side by side, then it would be necessary to 
"stagger” cylinders by setting them out of line with each other. 

A three cylinder engine must have a crank shaft with the three crank 
pins placed in three positions, or one-third of a revolution apart; this would 
be placing them 120 degrees apart, see fig. 5, chart 35, and fig. 5, chart 52. 

A six cylinder engine would have a crank shaft with six crank pins 
or crank “throws” placed in thirds, or 120 degrees apart. There would be 
' three pairs in line—see fig. 4, page 78 and figs. 4 and 5, page 122. 

*A twelve or twin six cylinder “V” type engine would use the same type 
of six cylinder crank shaft, but with two connecting rods to each crank pin. 
The cylinders would be placed f60 degrees apart or one-half of the 120 degree 
crank shaft. The cylinders would be “staggered” if connecting rods were 
placed “side by side” per fig. 5, page 78. 

The twin cylinder “V” type of engine used on a cycle car and motor¬ 
cycle would use a 360 degree crank or one crank pin, with connecting rods 
yoked. 

Cylinders on this type of engine are usually placed at an angle from 
42 to 45 degrees apart. 

Construction of Crank Shafts. 

There are two kinds of crank shafts, one known as the “solid crank 
shaft” and the other as the “built up crank shaft.” (See figs. 1 and 2, 
chart 36.) 

The solid is by far the most used. It is made from one piece of steel, 
which is forged to shape and then turned up in a lathe, the workmanship 
in many cases being accurate to a ten-thousandth part of an inch. 

The built up crank shaft has each of its parts made separately and 
then fixed strongly together and quite often fitted with ball bearings. 

An advantage of the built up crank is that the crank shaft bearings 
could be fitted with ball bearings. However, built up shafts of this kind 
are not usual, and in the case of powerful engines, only the strongest solid 
crank shafts are ever used. 

The counter balanced crank shaft with counterweights (CW) electri 
cally welded to the crank shaft and an integral part of the crank shaft, as 
illustrated in chart 36 is becoming popular. It permits high speeds to be ob¬ 
tained without detrimental vibration, and relieves the tendency to “whip¬ 
ping” of the crank shaft and “slapping” of the pistons, (sqe fig. 12, chart 36.) 

Cylinders —see chart 37. 

The cylinder of a gasoline engine is made of cast iron or 20 per cent 

semi-steel, and the water jackets are generally cast in one piece with it. 

In some designs, notably the old Pope-Toledo and 1914 Cadillac, the 
water jackets were formed by surrounding the upper part of the cylinder with 
sheet copper. See fig. 2, chart 37. 

The cylinders of an engine with more than one cylinder, are either cast 
singly, or 'in pairs; that is, two cylinders with their water jackejs are made 
in one piece. 

♦The twelve cylinder engine was formerly referred to as used on motor boats, where 12 cylinders 
were placed in a row. The “twin six” refers to cylinders of 6 to a side, placed "V" type. How¬ 
ever, inasmuch as the 8 cylinder is referred to as an “eight,*’ although it is also placed 4 cylinders 

type, we will not adhere to this rale entirely. 

tOn some of the twelve cylinder airplane engines (see page 918), the cylinders are 45 degrees 
apart. The Liberty engine cylinders are 45 degrees, see page 984. 
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Fig. 7. Round or “I” 
head, with detachable 
head. 


T-head L-head I or vafve- 
ln-he*d 

?. METHODS OF OYUNDER CASTINGS—Cylinders cut 
singly is illustrated at (48). The crank shaft is a 180° with five 
bearings. 

Cylinder* cost In ••pair*” in fig. (4P). Crank abaft 180* with 
three bearings. 

. , t 0y ^“?® rs c “* ‘‘‘ n 1 bl0< *” **• UE), .note a two bearing crank 
shaft. Seldom used, only on very small engines with short crank shaft. 

A six cylinder engine, with cylinders in “triplets,” (fie 6T) 
Note the crank shaft appears to be 180° type, but is divided into 
thirds (see fig. 4, chart 36). 

Cylinders in block with detachable cylinder head is illustrated in 
fig. 4ER). 

Fig. 7. Round type of cylinder. Valves overhead. The upper 
part with the valve in the head is detachable and is called “valve in 
the head” type of valve arrangement. This type of cylinder is also 
called “I” type. 


tABT NO. 87—Cylinder Types. 
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The portion of the cylinder in which the piston moves should be a true 
circle, and as smooth as possible. In the better grade of cars the cylinders 
walls are ground to a smooth finish so that there may be as little friction as 
possible. Any roughness of the walls will cause wear, which comes in th&' 
form of cuts and scratches lengthways, that permit the pressure to ,escape 
around the piston. 

Cylinder heads may be cast solid or with detachable head, see fig. 9, 
page 90 ; also Ford engine, page 783 and insert No. 2. The detachable head is 
gaining in favor. It permits easy access to the valves, and for removing car¬ 
bon, removing pistons and is good manufacturing practice because it makes 
grinding of cylinders easier. 

Types of Cylinders. 

Cylinders of engines are made in several different shapes. 

fThe “T” head type of cylinder is made so that the exhaust valves are 
on one side and the inlet valves are on the other side. Note the “T”<shape 
in fig. 4, chart 37. 

fThe “L” head type of cylinder is made so that the exhaust and inlet 
valves are all on one side of the cylinder. Note the “L” shape in fig. 5, (if 
turned up side down). 

fThe “I” head type of cylinder is made so that the valves are placed 
in the top of head of cylinder—both valves on one side or opposite, fig 7. 

The “F” head type of cylinder: inlet valve in the head, exhaust valve 
on side. See fig. 6, page 88. 

When an engine has more than one cylinder, the cylinders can be cast 
singly or in pairs—and can be of either the T, L, round or I head type. 
(See figs. 4, 5 and 7.) Sometimes multiple cylinder engines use all cylinders 
cast singly (4s fig. 6). They can be of the T, L or I head type. 

♦Cylinders cast “en-bloc” means that the four cylinders on a four cylin¬ 
der engine, are all cast in one piece (see fig. 4E). They ean also be of the 
T or L head construction. 

Cylinders on the six cylinder engine (6T); can be cast in “triplets,” 
singly, in pairs or in block. The “L” type is used on the most of the six 
cylinder engines. They are usually cast in pairs of three cylinders to a 
block. 

Cylinders on an eight cylinder “V” type engine are usually cast “in 
block” and are placed 90 degrees apart, and on a twin six cylinder engine, 
60 degrees apart. On a twin “V” cycle car or motorcycle engine, 42 to 46 
degrees. (See chart 35.) 

The offset cylinder with an offset crank shaft or offset cylinders, as you 
choose to say, is represented in fig. 5, chart 38. The line A, which passes 
through the center of the cylinder, is some distance to one side of the line 
B, which passes through the center of the crank shaft. Some of the ad¬ 
vantages claimed for the offset crank shaft are less liability of a back kick, 
reduced wear on the bearing surface of the cylinder walls, connecting rods 
and crank shaft, less liability of the engine to be stalled, when the car is 
running slowly on a high gear, and other construction facilities. The cylin¬ 
der set central over the crank shaft, as in fig. 4, is the type in general use. 

' Cylinders can be placed horizontally, vertically or at an angle, (see chart 
38). 

Meaning of Bore and Stroke. 

The stroke is the length or distance the piston travels up and down 
inside of cylinder. 

The bore of a cylinder is its inside diameter. 

•The word “en-bloc” U token from the French. The S. A. E. now term this word ss “in-block.*’ 

•See index for “advantages and disadvantages of the T, L and I head cylinders.” 
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Fig. 1. Note cylinders 
are placed 180 degrees 
apart and are in a hori¬ 
zontal position. 



Fig. 4. Diagram of 
usual method of set¬ 
ting cylinders cen¬ 
tral, directly over 
crank. Note line (A) 
—b o t h connecting 
rod and crank arm 
are in line. 



Fig. 2. Cylinders 
vertical-type; in 

general use. 


Fig. 3. Cylinders at ' ^t-cmaor* 

an angle-called “V” ^ 

type. Note a 180 de- J| ***** 

gree crank is used 

on an eight “V” 

type, and cylinders gy 

are placed one-half vSt 

of this, or 90 degrees . 

The crank shaft on a T 

12 cylinder engine is '* 

a 120 degree crank, and cylinders are placed at an 
angle of 60 degrees apart. 



Fig. 5. The offset cylin¬ 
der or Des Axe crank 
shaft setting. Cylinders 
may be L, T or round 
type. Note line (A)— 
connecting rod is in a 
perfect vertical position, 
but crank arm is at an 
angle. The cylinder be¬ 
ing “offset” causes this. 



Fig. 6. “T” head 

type of cylinder with 
exhaust manifold on 
one side and intake 
manifold on the op¬ 
posite side. 

If cylinder was “L” 
type, the exhaust and 
inlet manifold would 
both be on one side 
or the valve side. 




_ Inlet and Exhaust Manifolds. | 

y )( Jv ) Exhaust manifold construction: 

A is a good method of exhaust out- 
——t | * let for a 2 or 4 cylinder vertical 

• {jdb engine. 

Incorrect *‘B;” a simple manifold in which 

an individual pipe from each cyl¬ 
inder injects directly into the large 
collector chamber “CL.” In this 
)d fora of Inlet manifold the collector tube is made 
• A oyl« sufficiently large so that when the 

exhaust valve closes, the pressure 

engines. in * 8 le8S than that in the eyl- 

* ^ . inder at the valve so that there is 

” no dan S er °* hack pressure. 

N * ‘*0” shows an arrangement in 

« .. i i . i . i . ii I which the pipes 2 and 3 for the 

jLjLs LI LI LI iJ 1 | I I I middle chambers are formed in 

T ? y* -, ° ne * whereas they are separate 

|11 Cl f l A V 1 v [|| {l i for cylinders 1 and 4. This works 

^ satisfactorily in 'that cylinders 2 

X> and 3 never explode consecutively, 

« ■ -ft. Q and the one pipe is capable of tak- 

—Vff \6r—/ TJC 31 C \ n n n mrym ing care of the exhaust of the two. 

r J 1 ’ * Tf l*n^ *n*l ^ V\AV\ V t JK, “D” la quite similar to th*t In 

I ^ I IvV// I I VJI Jill **0,” excepting in that there are 

I I IQ* Mvi ) ** individual pipes for cylinders 1 

^Ur™nLr^ and 2, and 3 and 4. This is bad 

L construction, in that 4 explodes 

_ immediately after 3, and 1 im- 

mediately after 2. 

✓" X A j A8 the direction of exhaust leaving the cylinders is the same, 

/ f * f —f / "I 1 "/ r~7 it is very easy to make a manifold in which the exhaust pipe, 

r& *4tL *a*1“ instead of having a tendency to obstruct one another, assists 

the other cylinders to exhaust. 

A A ^ ^In engines which have their inlet and exhaust valves op- 

T^r TTh Posite, frequently all four of the exhaust valves are connected 

JT -y y through one manifold with a single orifice. “F” is one ex- 

w ^ ^ v ample of an arrangement where it is possible to mal(e the two 

^ passages unite. _This is suitable for engines with cylinders 
j.l, ■’'/-r,—** .. —JSk cast in pairs. The defects of “A” and “D” can readily 

_ J occur in this one; if makers were considering loss of power 

iy « ■—*- W they would not use this one, but they only want to save space. 

^wateb jacket __ For the best design, Illustration “G” offers a reasonable 

r \ solution. In this illustration there is an individual pipe from 

11 ml-—^ ^ j each cylinder to the large collector. At the end, each individ- 

, , /f ual pipe projects into the collector tube and curves in the 

SAH?rwiFOLo'° t \ direction of the exit for this collector tube. 

____ J. - L -- The divided exhaust is used on several six cylinder engines 

with cylinders cast in two blocks of three cylinders to a block. This is claimed to prevent over¬ 
lapping and refilling of the cylinders with burned gases. 

The water jacketed inlet manifold is shown in the lower illustration. The water connection is 
with the pump circulating system, see also page 157. 






RG.2 WATER JACKETED 
INTAKE MANIFOLD 


CHART NO. 88—Cylinder Angles (also see page 134). Inlet and Exhaust Manifolds. Also see 
pages 164 and 157. 

"" modern type inlet manifold is jacketed to take either the hot exhaust gases or hot water, per pages 157 
158, in order to heat the gas mixture before entering cylinder. 
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Square stroke; when the piston travel in a cylinder has the same length 
as the bore in diameter, then it is called a square stroke and bore. 

fLong stroke: when the piston travel is much more than the bore di¬ 
ameter, then it is called a long stroke. For instance, a piston 4x4 inches is 
called “ square stroke/ 1 A cylinder whose bore is, say, 4 inches and the 
stroke is 5Vfc inches, this would be called a “long stroke.” 

The valve chamber is that part surrounding the valve,, The valve port 
is the opening for the intake or outlet of gas. , % 

The combustion chamber is the inside upper portion of cylinder, above 
piston, when the piston is at the top of its stroke. 

♦♦Inlet Manifold and Pipe—see chart 38. 

The inlet manifold is the part which connects to the inlet port open¬ 
ings in cylinders, from carburetor. If there is only one connection to cylin¬ 
der, as on a single cylinder engine, then it is called an inlet pipe. 

When the valves are all placed on one side of the engine, as in the “L” 
head type of cylinder, then the inlet and exhaust manifold are both on the 
same side of the cylinder. 

When the inlet valves are on one side and the exhaust valves on the 
other side, as in a “T” head cylinder, then the inlet manifold is generally 
on one side and the exhaust manifold on the other side. 

In order that there may be as little resistance as possible to the flow of the 
mixture, this manifold should be as straight as the position of the carburetor will 
permit. There should be no sharp angle bends, the bends being as flat and easy as 
possible and the distance from carburetor to inlet ports as short as possible to prevent 
condensation. 

When more- than one cylinder is supplied- from one carburetor, the distance from 
the carburetor to each valve Bhould be the same. The inside of the inlet manifold 
must be smooth and clear inside so that there is no obstruction offered to the flew of gas. 

In those marked “incorrect” (chart 38), the distance from the carburetor to the 
inlet valves are not equal, and consequently the valves nearest the carburetor will get 
more of the mixture than those farther away. 

In the arrangement marked “correct,” the distances ar<e equal, and consequently 
the valves get equal quantities of mixture, and the engine will run more evenly than if 
the cylinders received different amounts. 

Exhaust Manifold Construction. 

In chart 38 exaggerated and simplified illustrations are shown in order 
to give the reader an idea of the different methods. 

Sharp bends in the exhaust pipe cause back pressure, and should be 
avoided. Dirt in the pipe or muffler has the same effect, and this should be 
guarded against. 

Exhaust Pipe and Muffler. 

The exhaust pipe leads from the exhaust manifold to the muffler. If 
engine is an eight or twelve “V” type, there are usually two exhaust pipes 
and two mufflers. 

In order that the exhaust manifold may be cooled as rapidly as possible, 
the exhaust manifold and pipe, connecting the exhaust valve chamber to the 
muffler, is exposed to the air. 

The connection from exhaust manifold to exhaust pipe is usually made 
with a flange connection with asbestos packing between. 

♦The muffler and exhaust pipe should be made so that there is as little 
back pressure as possible. Back pressure is caused by anything that prevents 
the free escape of the gas therefore sharp bends should be avoided, otherwise 
the incoming fresh mixture becomes mixed with that part of the burned gas 
left from the previous charge, and the power of the engine is cut down ac¬ 
cordingly. The muffler is explained in chart 39. 

tSee page 531 for “advantages and disadvantages of long and short stroke." 

**The modern inlet manifold is water jacketed or gas heated as per pages 157 and 164. 




Muffler: If the exhaust valve opened directly into the air, 
the noise of the explosions would be like the firing of a gun. 

E -——— — “ “7 This Is because the Pressure in the Cylinder is much higher 
mv! iseo tkc*bu«wtg^ ^kan the Pressure of the air, and a sudden change from one 
x mm/stfc*?to t0 * he °* her would produce a loud report. 
the exhaust pipe The more sudden the change, and the greater the difference 
out muffle* in pressure, the sharper would be the noise. 

c The Pressure must be reduced before the Gas Escapes into 

| the air, in order to reduce the noise. 

' The Exhaust is therefore connected, by means of the 

| Exhaust Pipe, to the Muffler or Silencer.. (See Charts, Figs. 

l(J-=m=- n 47-48.) 

m I The Muffler is placed in the end of the Exhaust Pipe in 

Uorder to silence the noise of the exhaust. It is usually made 
ofSJSSftM * of sheet iron and piping as shown in section. Sometimes the 
mufflers are not sufficiently large to expel the burnt gas as 
•WLiASffilM'.PSA,. rapidly as it should, therefore heating is the result. Mufflers 
nSSlsf dog np with .oot and al.o ohm heating. 

^ The Exhaust Gases passes first into the tube or 

N -/ chamber ( 0 ) as per arrow marks; then through openings into 

-- chamber (B), then through openings in opposite end into (A) 

then into the open air. 

The Exhaust Out Out is placed between the engine and 
muffler. When opened by the foot pedal movement, the exhaust 
gases pass out into the open air without passing through muffler. 

The Object Is to reduce Back Pressure. Sometimes mufflers are not designed properly and in order to 
silence the exhaust noise, the passage of gas is not rapid enough. There is a tendency for the gases 
>to work back against the outcoming exhaust. There¬ 
fore, by cpening the cut out the gases pass out quicker, 

relieving the back pressure. It Is used when climbing f r . j 3 _ma rsau8 

steep hills or in racing. ■ , m 
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Fig. 5.—The Spark Timing Device is so named 
because it * * times* ’ the spark at the right time. 
In other words the roller makt-s contact with on 3 
of the segments (1-2-3 or4 in a four cylinder en¬ 
gine). Each segment controls one of t'.ie spark 
pings (through a coil) in one of the four cylinders. 
When the right cylinder is ready to fire the timer 
makes contact and starts the coil which sparks the 
ping.. This device is called a commutator, and 
is used only with a coil system of ignitioh. 


arijut HIM 

«Bj tO SHILL_ 

Fig. 6 .—The Spark Plug is screwed into the 
head of the cylinder. A wire is connected from 
this plug to a spark coil. The spark coil is set to 
work at the right time by a timer or commutator. 
When the coil or magneto is operating, an electric 
spark occurs at point of the ping, inside the cylin¬ 
der, and ignites the compressed gas. 


IHART NO. 39—Muffler. Exhaust Cot Out, Timer or Commutator. Spark Plug. 

lee page 86 for Ohart 40. *See page 622, “Cleaning a Muffler." 
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Fig. 2: Cylinder heed is detach¬ 
able with valves. Cylinders are 

separate, therefore a head is nec¬ 
essary for each cylinder. If cylinder! 
were * + an-bltic + ' (per page hO+ER), 
then there would be but one head. 
A—Valve spring cap nut, B—Valve 
spring cap lock nut, C—Valve 
spring, D—Valve stem guide. E 
—Valve. 


Connecting rod. H —-Connecting rod shims, or 
ier». T—Connecting rod bearing cap, U— 
paring cap nuts, V—Connecting 
-Piston pm bushing, X—-Piston 


d bearing, W 
wrist pin. 


-Crank abaft bearings. A 


End view of engine below—showing 
the gears. Gear E measures 4 inches, 
gear A measures 8 inches. A—is the 
cam shaft gear (all valves on one 

side), and overhead, mechanically op¬ 
erated. 

E—Drive gear on crank shaft. D— 
Idler gear between drive gear and 
gear operating the magneto. B —Mag- 
neto gear, 

The cam shaft gear runs on®.half 
the speed of the crank shaft. 

The magneto gear ruon tame speed 
as crank shaft. 


Cam abaft which is operated by gear (A) 
bearings arc shown to cue aide. See &g. 7, 
shaft principle. There are B cams on this al 
ure uti one aide. 


Valya side. Exhaust and inlet valves are both mechanically operated and are overhead type. A system of 
overhead rockar arms for both inlet and exhaust. See page 88 for explanation of various types «of valves. 

A—water manifold clamp bolt, B—water manifold clamp, 0—outside water connection, D—oil pump and igni¬ 
tion timing gears, E—oil pump, F—oil pomp spring catch, Q—water pomp, H—intake water manifold, I—return 
water manifold, J—ignition timer, K—oil pipe. L—hose clamp, M—front cam shaft bearing screw. N—valve lifter, 
0—-pash rod adjustment, P —valve push rod, Q—center cam shaft bearing screw, R —rear cam shaft bearing screw, 
8—-rear cam shaft bearing cap. T—water pump grease cup. 


OHABT NO. 41—Study of a 4 Cylinder Unit Power Plant: Valves; overhead; Cylinder head, detachable 
with valves. Valves are ground in head; Cylinders; “I” or round head type cast singly, modern 
practice is to cast in pairs for 4 cylinders, and in pairs of three for 6 cylinder engines. Note the dif 
ference im the *‘valve in head” and other “overhead valve” systems in chart 42, page 90. 

(Chart 40 on page 86—by error.) 
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DYKE’S INSTRUCTION NUMBER EIGHT. 





Fig. 7.—Illustrating how the cun shaft on a four cylinder 
engine la operated by timing gears. Also how the nose of 
cams raise the valves. There are two cam shafts placed oppo¬ 
site, therefore it would be a “T” head type. 


Fig. 8.—The cam shaft as used with a four cylinder T-head 
type cylinder. There are two shafts, an intake cam shaft and 
an exhaust cam shaft—one on each side of the cylinder as 
shown in fig. 4. There are four cams on each shaft. 

The nose of the cams are placed at different positions so that 
the valves will be raised at a certain time. C—are the cams. 
B—are the bearings for the cam shaft. 


Fig. 4.—Showing method of 
driving the two cam shafts and 
magneto on a “T” head engine. 


Fig. 5.— Method of driving the one 
cam shaft, and idler gear to drive 
magneto drive gear on an 4, L’* head 
cylinder engine. 


Fig. 9.—The cam shaft as used with a four cylinder, It-head 
type of cylinder. There is but one cam shaft in this type 
because all of the inlet and all of the exhaust valves are on the 
L-side of the cylinder—see fig. 5. There are eight cams on 
the cam shaft. 


S pace 

Driving § 

A Pvmp 


Fig. 6.—A silent chain driving 
shaft and magneto. 


[ART MO. 40—Cams. Cam Shaft; method of driving. 

on page 90. 
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Valve Caps. 

Where valves are on the side and the head cast integral with cylinders, 
valve caps are screwed over the valves in the cylinder (see figs. 7, 8, page 90, 
also chart 32). By removing these caps the valves can be lifted from their seat 
and ground. There are two valve caps to each cylinder; an inlet valve cap 
and an exhaust valve cap. 

Compression or Relief Cocks. 

Consist of small pet cocks screwed into the exhaust valve caps. By open¬ 
ing when the engine is running, it is possible to see if any of the cylinders 
are missing fire. A flame will shoot out if firing. If mixture is right the 
flame will have a hlueish color. They are also used for injecting gasoline in 
winter when engine is cold and hard to start—see chart 32, page 64. The 
S. A. E. now term this a *‘priming cup.” 

*Cams and Cam Shaft —see chart 40. 

A cam is a device that produces intermittent motion. When an object 
is in motion part of the time and at rest between motions, its action is said 
to be “intermittent.” A cam may best be described as a wheel with a hump 
or nose on one side (figs. 1 and 2), or in other words, it is a piece of metal re¬ 
volving with a shaft, part of its circumference being farther from the shaft 
than the rest. The part of the cam that projects is called the nose. Any¬ 
thing resting against the cam will be moved only when the nose comes around 
to it; otherwise it remains stationary. 

For a four cylinder engine, four cams on the inlet cam shaft are shown 
in chart 40, fig. 7. Four more cams on an exhaust cam shaft are provided on 
the opposite side of this engine, because it has “T” head cylinders. The 
cams are divided in four positions on the cam shafts, and are made in one 
piece or integral with the cam shaft. If the cylinder is “L” type then all 
cams would be on the one cam shaft—see fig. 9, chart 40. 

tFor each cylinder there is one inlet cam and one exhaust cam. The ex¬ 
haust cam usually has a broader nose because it must hold the valve open 
longer. 

The cam shaft, also called the “secondary” or “half time shaft,” has a 
cog wheel or gear, called a *timing gear, on one end, which meshes with the 
drive shaft gear on the crank shaft. 

When the crank shaft revolves, the drive gear on the crank shaft drives 
the timing gears, which drive the cam shaft and thereby rotate the cams. 

The nose of the cam raises a f valve lifter or •tappet, which plunges 
against the end of the valves and raise them from their seat. When the nose 
of the cam is under the roller or valve lifter, the valve is held open; the valve 
is closed after the nose passes, by the action of a strong spring, (see page 92.) 

The valve stem being held in a valve guide, cannot move in any direction 
but up and down. Thus the steady rotary motion of the cam is changed to 
the intermittent motion of the valve. 

As has been shown on four cycle engines, each valve opens only once 
while the crank shaft makes two revolutions. Therefore the cam shaft should • 
revolve only once while the crank shaft revolves twice. 

^Timing Gears and Silent Chains. 

If two gears running together (or in other words, in “mesh”), have the 
same number of teeth they will make the same number of revolutions. 


•For setting cams, see valve timing instruction No. 9. Also Dyke's 4 cylinder engine model. 
tSpecial racing type engines, as the Stutz, page 109, have two inlet and two exhaust valves, and 
as many earns. The White also. 

|For “adjustment of timing gears," “silent chains," etc., see index. 





Pig. 1—Poppet Type 
of Valve; so named be¬ 
cause the valve pops 
up and down. There 
are two valves to each 
cylinder; an inlet and 
an exhaust valve. This 
type of cylinder is a 
**T” head, therefore 
valves are on opposite 


/TV 


Pig. 2—The 
Rotary Valve— 
see chart 70 

Pig. 3 —The 
Sleeve Type of 
Valve; there are 
two sleeves with 
openings at up¬ 
per end. When 
their openings 
are together, the 
freih gas is ad¬ 
mitted or burnt 
gas discharged. 

* 'IN' 1 means 
inlet, and “EX” 
exhaust. (See 
Ohart 68 and 




Pig. 4.—Automatic Typo of In¬ 
let Valve. Suction of piston draws 
the valve open against the tension 
of spring. 


Fig. 5.—Cylinders are “L” shaped, all valves 
on one side. Note the four inlet and four ex¬ 
haust valves on four cylinders. These valves 
are the “poppet” type and are mechanically 
operated. 

To remove valves; there are valve caps over 
each valve. 



^nnnn 1 


Pig. 10.—The Dueseo- 
Pig. 7.—Overhead Me- hers principle of oper- 
chanlcally operated In- Stag Valves from tee 
let and Exhaust Valve. $lde . Ther e are 2 inlet 
and 2 exhaust valves 
per cylinder. 


[f® n\<& ) 

s 

I (h/* 


Pig. 6.—Overhead Mechanically 
operated Inlet Valve and side 
Mechanically operated Exhaust 
Vaftre on “F” type of cylinder. 
The inlet valve in this instance 
would be “Cage” type (Fig. 4, 
page 90). The cage with valve 
is screwed into cylinder head. 

To remove the Inlet Valve the 
cage with valve is screwed out. 
To remove Exhaust Valve a valve 
cap over the valve is removed 


Valves are Operated either Mechanically or 
Automatically. The inlet valves can be of the 
automatic type (Fig. 4), but is seldom used for 
/automobile work. It is used to some extent on 
the single cylinder motorcycle engine and quite 
often on light duty stationary engines. 

The Exhaust Valve is always Mechanically 
Operated, in fact it could not be operated auto¬ 
matically by suction. 

There are different Arrangements for Operat¬ 
ing the Valves Mechanically as explained. 

The Sleeve and Rotary Valve would be classed 

as mechanically operated. 

See Figures 5, 6 and 7 for Various Arrangement 
of Valve Operation. Also Chart 66 of Wicdly over¬ 
head method. 


HART NO. 43—Valves; types, construction and operation. 

ote—Fig. e would bo termed on “F” head type engine, see page ®0» 4g- *• 
on page 86. 
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If the driven gear has twice as many teeth as the drive gear, it will re¬ 
volve only once while the other revolves twice. This is called a “two-to-one” 
or “half time” gear. 

Because the cam shaft must revolve only once while the crank shaft re¬ 
volves twice, the cam shaft gear has twice as many teeth as the crank shaft 
drive gear. See chart 40, fig. 3, for an example—and below. 


The cam shaft revolves in opposite direction to crank shaft when driven 
by gears without an idler and same direction when driven by a silent chain 
or. an idler. \ 



The wide face helical gear is most popular for the timing gears. Special 
material as fabroil, micarta and other compressed materials are used by 
many as material for making gears which are silent. Drop forged gears are 
also used to a great extent. Also steel for the crank shaft gear and cast iron 
for the cam gear. 

The silent chain for driving the generator is quite popular and it is also 
being used to a certain extent for driving the cam shaft. The object is to 
obtain quieter running. This type of chain must not be confused with the 
ordinary roller type as used on chain driven trucks. The silent chain is more 
positive in action, otherwise the timing would be thrown out of adjustment.. 
The teeth on a sprocket used for a silent chain are very close together and 
accurately made. 

Any undue slack in the chain can be taken up by sliding the magneto or 
generator shaft outwards (see fig. 3). This chain is self-adjusting for pitch. 

Engine Valves. 

Purpose of valves: There are ftwo valves to all four cycle gasoline en¬ 
gines ; an inlet valve and an exhaust valve. By referring to charts 29 and 26 
the location and purpose of the valves will be understood. 

Types of valves: There are three types in general use; the “poppet ,’ 9 
“sleeve” and “rotary” (see chart 43). The poppet type being used almost 
exclusively. 

The inlet valve admits fresh gas to the cylinder. As fresh gas is going 
into the cylinder during only one stroke of every four, the inlet valve is 
opened during only one stroke of every four, or in other words, during one 
stroke of every two revolutions of the crank. 

The exhaust valve permits the burned and useless gas to escape. It is 
opened and held open by a cam on the cam shaft. This is termed “me¬ 
chanically” operated. 

Direction of travel of fly wheel and cam gears: When standing behind a fly wheel on an auto¬ 
mobile engine it turns to the left, whereas standing in front of engine it turns to the right. Also 
note the direction of rotation of cam gears, fig. 2, chart 29. 

fTliere are a' few engines using four valves for each cylinder, see page 109. flg. 8. 
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Valve construction: There are two different valve eonst ructions in general use; (1) the 

overhead; (£) the side. 

The overhead valve may be divided into two types; (I) the overhead valve in a detach¬ 
able cylinder head and a unit of the head;(2) the overhead valve in a cage and a separate 
unit from the head. 

The operation of the overhead valve may be divided into two methods; (1) by push rods, 

per figs. 1 and 2 ; (2) by an ^overhead cam shaft, per figs. 5 and ti. 

The side valve construction may be divided into two constructions (1) where inlet valve 

ia located in cylinder head on one side and exhaust valves on the other or opposite, as per 
fig. 7 ; ( 2 ) where all valves are on one side* The operation of the side valve is invariably by 
a cam and tappet Lifting the valve* 

Cylinder head on side valve cylinders may be east integral with body of cylinder as per 
figs. 7 and 8 or detachable as per fig. 9, 

A combination overhead and side valve arrangement is shown in fig. 4. This type is 
called the Tf type. The head could be detachable with valve in the head, or cage type with 
head integral with cylinder. With this type, the usual method is to operate the inlet over* 
head, and the exhaust from the side, both being operated from a single cam shaft. 


HAET NO. 42—Valve Construction and Relation of Valves to Cylinder. 

mrt No. 44 ia on page 04. 

' *“"" r head caru-Bhaft with overhead valvt'S Ik the popular method uweil on airplane engine*—see pages OH to 016 
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Mechanically operated valves are opened and held open by means of cams 
and closed by means of a strong spring, (see chart 44.) The exhaust valve is 
always mechanically operated. 

Inlet valves are generally mechanically operated, but some of the old and 
motorcycle type of engines have valves of the “automatic” type. 

Automatic operated valve is held against its seat by a light spring—see 
chart 43, fig. 4. During the suction stroke, the sucking action of the piston 
as it travels downward in the cylinder, draws the valve open. At the end of 
the suction stroke, when the suction ceases, the spring forces the valve disc 
back to its seat, and the gas is prevented from escaping through the valve. 

It must be understood that the valves of a gasoline engine always open 
inward. Thus the pressure from the power and compression strokes tends to 
keep them firmly on their seats. 

Usually inlet and exhaust valves are made the same size. Some manu¬ 
facturers are making the inlet larger, for instance the Sterling engine has 1% 
inch inlet valves and 1% inch exhaust valves. The lift of a valve is the 
height it is raised from its seat by the cam. 


Valve Operation and Location. 

The “mechanically” operated “poppet” type valve is the type in general 
use, therefore we shall confine our attention to this type. 

Valves are operated; or opened by the intermittent motion of a cam and 
closed by a strong spring, as explained under “cams” on page 87. 

**The cam shaft may be overhead or on the side, as per page 90. 

The location of the valves are overhead or on the side as per page 90, or a 
combination as per fig. 4, page 90, which is termed the “F” type. 

Overhead operated valves may be in a detachable head of cylinder or in 
cages as per figures 1, 2, 5 and 6, page 90. 


^ -- \ On “L" head type 

//>' w of cylinders, all Inlet 

xrr 1 — TT v ~ an< * exhaust valves 
9*4* ± *1 l ara on one side, but 
they do not run con¬ 
secutively. Owing to 



b CYL. X-EXHMJST VALVES. 
OTHERS INLET 


Ill 4CYL 






m 


1 



the fact that the exhaust 
r—| manifold must connect with 
all exhaust valves and inlet 
manifold must connect with 
all inlet valves; the valves 
are usually arranged as in 
illustrations above. Note 
the exhaust is always on 
the outside next to the water 


Jscket.tt 

Illustration at top, is that of a 6 cylinder engine. 
The one at bottom, 4 cylinder. 

the head is removed, and valves are ground 
less valves are in a cage. 


Side operated valves may be 
placed all on one side, or opposite 
sides of cylinders. When on op¬ 
posite sides, two cam shafts are 
necessary; one on each side—see 
fig. 7, page 90. When all valves 
are oh one side or overhead; one 
cam shaft is sufficient—see figs. 8, 
1, 2, 4, 5 and 9, page 90. 

' fTo grind valves in an overhead 
valve engine with detachable head, 

in the head (fig. 6A, page 90)—un- 


To grind valves in an overhead valve engine with “cage” type valves, 

the valve is ground in the “cage” as per fig. 3, page 90. 

To grind valves on a side valve engine, the valve caps are removed if head 
is integral with cylinder as per figs. 7 and 8. If head is detachable as per 
figure 9, then head is removed but valves are ground in their seats in the cyl¬ 
inders. 


Although the valves vary in location and methods of operation, the prin¬ 
ciple or purpose remains the same; the inlet to admit fresh gas, and the ex¬ 
haust valve opens at the correct time to expel the burned gas. 


♦Valves are made of cast iron electrically welded to a steel stem. They are also made of 
nickel steel or Tungsten steel. The latter being considered ti**-- 

tSee index for “valve grinding.” **See foot note page 90. ttThe spark plugs (S) are usually 
placed over inlet valves, per page 121. 





92 Valve Parts. 

A “poppet” type valve has three parts; a “head;” a “stem,” which forms the 
moving part* and a “valve face” which seats into a “valve seat.” This valve face is 
beveled and is perfectly round. When seated, it must fit the valve seat perfectly tight, 

otherwise during compression stroke the gas 
would leak and on power stroke, a loss of 
power would result, by the valve leaking 
at the seat. Therefore it is ground to this 
seat. 

The exhaust valve requires more grinding 
than the inlet valve because the hot gases 
pass out between the valve seat and valve 
face when valve is raised. When the valve 
is opened, there must be sufficient space to 
let the burnt gas pass freely. 

The valve spring holds the valve tight in 
its seat and must have sufficient tension at 
all times (see page 635). If too strong, the 
valve will close with more noise. If too 
weak valve will not seat properly. The ex¬ 
haust valve spring usually weakens first on 
account of greater heat. 

The valve spring retainer and lock, for¬ 
merly called valve spring washer, is placed at 
bottom of spring and held in place by a two 
part lock. Formerly a ‘ 1 key 11 passed through 
a hole in the valve stem (see page 630, fig. 1). 
Valve face is the beveled part of valve 
head. The valve seat is the part of cylinder head in which 
valve face is placed. The valve face and seat can be 
“conical” or “flat.” They are usually conical as per fig. 2 
above, and fig. 7, page 94. Valve head is upper part of valve stem. 

Valve stem is the stem part of valve head. The stem of a mechanically operated valve 
on “L” or “T” head cylinder of the “side valve” principle, usually extends about 
half way down to the cam shaft. A valve lifter then lifts the valve stem by action of a 
nose on cam as cam revolves, (see page 87.) To set this cam, to raise valve at the proper 
time, is called “valve timing.” 

On engines with overhead valves, there is a rod, called the “push rod,” between valve 
lifter and rocker arm, see fig. 4, page 94. 

Valve clearance also called “air-gap,” is the distance between lower part of valve 
stem and valve lifter. On the push rod type, it is usually between rocker arm and end 
of valve stem. This distance is regulated by an adjusting screw. 

Valve lifter, also called “valve plunger,” “valve tappet” and other names, is the 
part placed between valve stem and cam. The top part has an adjustable screw which 
can be slightly raised or lowered to get correct valve clearance. The bottom of this valve 
lifter is sometimes fitted with a “roller,” per fig. 3, page 94. The mushroom type, fig. 2 
above, and figs. 1 and 2, page 94 is the type used most. 

A valve rocker—upper, is used on overhead valves, also called “rocker arm;” a valve 
rocker—lower, is the principle shown in fig. 3. It is also called a “side tappet lifter.” 
The latter is seldom used. 

A valve stem guide holds the part through which the valve stem passes. Sometimes 
it is “ bushed ’ ’ as shown in fig. 2, also see page 634, fig. 7. Quite often it is plain as per fig. 3. 

A yalve lifter guide (also called “plunger” and “tappet” guide), is shown in fig. 2, 
which is fitted with a bushing and can be renewed when worn. It is bolted, sometimes 
screwed to crank case (see also page 54). In fig. 3, a plain guide is shown. 

Enclosed valves are where a cover fits over valves (fig. 2). This deadens the noise of lifter strik¬ 
ing valve stem and keeps oat dast. Also see page 121. 

Although valves may be overhead, or a combination, as overhead and on the side—the prin¬ 

ciple of operation is very much the same, (tee page 90.) 

♦♦Purpose of Valve Grinding. 

The exhaust valve is surrounded by flame when open, 
and will become “pitted” (fig. 4.) 

The Inlet valve admitting gas instead of ejecting a 
flame does not pit as badly as the exhaust valve. 

In a perfect seated valve, the valve face and seat are 
smooth and even, with dull gray surface. A pitted valve 
is rough, uneven, and full of tiny holes, and cannot come 
to a tight seat. Therefore valve must be ground. 

The process of grinding a valve U the placing of a grinding 
paste between the valve face and the seat, and the revolving o7 
the valve until the roughness is worn down. See index for * 'valve 
grinding*’ and “valve re-seating.” 

♦The “tulip” shaped valve is another type of inlet valve seat but now seldom used—see page 13$. 
**See first paragraph this page and pages 628 to 632. *See foot note page 94 for valve material. 



No. 4.—A pitted valve and seat. 



VALVE TIMING. 
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In fact, any perfect circle can be divided in degrees. The crank shaft revolves in a circle, therefore 
we will designate the travel of the crank shaft in degrees. 

One half of the circle would he 180 °, which wonld represent a stroke of the piston, or a half revolution 
of the crank. One quarter of the circle would be 90®, one third of the circle would be 120°. 

Any circle, or say, travel of the crank pin, would represent 360° when it made a complete circle 
or revolution. 

Tig. 2. Example; piston has traveled down from upper dead center, one quarter of the circle or 
one*half of a stroke; crank pin and fly wheel have turned 90®. 

Tig. S. Example; piston has traveled from top dead center to bottom of stroke, or one half of a 
revolution; fly wheel and crank pin have traveled 180®. 



Tig. 4. . Example; piston has traveled up from bottom, one-half of a stroke; crank pin and fly wheel 
have traveled one quarter of a circle from bottom or 90® from 0 to D. In all, the crank pin and fly 
wheel have traveled from A to D, three quarters of a revolution or 270®. 

Tig. 6. Example; the piston has made two strokes, one down and one up, therefore crank pin and fly 
wheel have made a complete revolution or traveled 360® in all. 

The idea Is to learn that the crank pin travels in a circle and the fly wheel travels In a circle, and a 
revolution is a complete circle, and a complete circle is 360®. 

The piston travels in strokes, each stroke representing a half revolution of crank. 

If we spaced off 360 marks, equal distance apart, on any circle, then each mark would be called a 
degree. In flg. 1, we have spaced off the marks as 5 degrees each. 

Now we can divide each degree Into say, sixty equal distances apart and call each part or mark, a 
“minute.'' 

We could go still further, and divide each minute into sixty equal distances apart and call each part 
or mark, a “second.’’ 

▲ minute is usually expressed with a single mark after the figure, as, 25’. 

▲ second with two marks, as, 25”. 

Example; express, ten degrees, six minutes and five seconds. It would be as follows; 10® 6’ 5”. 
Note—To find the circumference of a fly wheel; multiply the diameter in inches by 3.1416. If the 
circumference is then divided by 360, the distance or portion of the fly wheel circumference equivalent 
to one degree may be ascertained. 


OHABT NO. 45—Explanation of the Meaning of Degrees, Minutes and Seconds. Note; Crank 
Shafts on Engines usually turn to the right—(When in front). On above illustrations we are 
supposed to be standing in the rear of fly wheel, turning it to the left which would cause crank 
shaft to turn to the right (from front). 

Chart 43 on page 88. 
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DYKE’S INSTRUCTION NUMBER NINE. 



CLEARANCE. 

TO ADJUST^. 
LOOSEN V ) 
LOCKNUT ^ 
AND SCREW 
UPOROOWN l 

LOCKNUTS 

VALVE L/FTER-+ 
OR VALVE PLUfth 
6EA , 


END OF (I 
VALVES**] op£N 
CLOSED y 



Fig. 1-2.— Mushroom type of valve lifter. 

Fig. 3.— Roller type valve lifter. 

Note in Fig. 1; valve just starting to lift. Figs, 
2 and 3, valve just closed. 

Exhaust cams usually have broader nose than in 
lete, because the exhaust valve remains open longer. 

cirny? 

-- cult* 

Jd.f) Thick Jt^Lpv. 

#£SS QF TftfFt U I . J-L-U *tr Atim 

PAPtX — 1 ^ “A- 



” Fig. 7. — Note the “flat” and “conical” type 

'I of valve. It is said, the flat valve gives greater 

J opening for the same valve lift and has greater poeai- 

J bilities for high speed work, however, it is seldom 

used. 

* Valve Clearance. 

This subject is explained on page 110. An ex¬ 
ample of adjusting the valve clearance on a “side 
valve” engine will be given here. 

} Valve clearance means the distance between the 

f end of valve and the end of tappet or plunger which 

v lifts it. 

] When an engine becomes noisy and a ^iidriwg 

J noise is heard, the trouble is likely in the valve 
ends having worn or the adjustment nut become 
__loose. 

This adjustment can usually be made by screw¬ 
ing up on the adjustment screw (fig. 5) and then 

locking the position with lock nut. 

The clearance is necessary in order that the valve 
seats properly and should usually be from .003 to 
.005 of an inch when engine Is cold. The amount 
of clearance for different engines is given under, 
“standard adjustments of leading cars”—see index. 

The adjustment should always be made—after the valves 
of an engine are ground or when checking the valve timing. 

Th« procedure to adjust is as follows: turn fly wheel of 
engine over until the other tappet and valve in, the same 
cylinder is up as far as it will go, or the valve wide open. 
The first valve will then be closed. As previously stated 
there should be from .003 to .005 of an inch between the 
head of the tappet screw and' the end of the valve stem. 

If it is found that the clearance Is not right, loosen the 
lock nut on the tappet screw and turn the screw up or 
down as may be required to obtain the correct clearance. 

It is best to use a r- ---—i 
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Fig. 4. —To adjust valve clearance with 
valves of the overhead type as the Buick and 
Dorris —the valve rod is lowered or raised. 
Note illustration for clearance on the Dorris— 
between end of valve and rocker arm. Also see 
page 109, adjusting “push rod clearance” on 
the Buick—which means “valve clearance.” 


“thickness gauge” (page 
700), but if a gauge 
is not obtainable a piece 
of newspaper will serve 
as a gauge, a sheet of 
ordinary newspaper is 
, between .002 and .003 
of an inch in thickness. 
After the tappet screw is 
adjusted so that the 
clearance is correct, 
tighten the lock nut. 
“Back lash” or lost mo¬ 
tion in the cam shaft 
driving gears should be 
taken up in direction of 
rotation when clearance 
is adjusted. 

A noisy valve tappet, 
caused from wear, and 
where no adjustment is 
provided, can be, in 
some instances repaired 
by placing fibre or steel 
washers under or over 
valve ends. 

To adjust valve clear¬ 
ance on overhead valve 
engines —see fig. 1 on 
page 109. 

The opening and 'clos¬ 
ing time of the valve 

is not when the lifter 
begins to rise or comes 
to rest but when it 
makes or leaves contact. 


Valve up 


Valve down 


j j Valve Tappet \ 

/ chtkN U r l vALve ' 
/ ^ htxkNlJl clearance 

Valve Tappet 
Adjusting Screw HEHt 


Grinding and Reseating Valves. rig. 5.—Type of valves on 

If valves become pitted and leak, they need re-grinding. If warped side of “L” head engine— 

or shoulders form in the seat, then the seat and valve ought to be refaced. clearance is adjusted as shown 

See index “Grinding Valves,” “Reseating Valves.” in illustration. (Hudson six.) 


CHART NO. 44—Valve Clearance. Valves and Cams. See repair subject and index for valve 
grinding. See “Standard Adjustment of Leading Cars” for valve timing on different engines. 

JL Atari 46 on page 100). *See pages 631, 634 and 630. 
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INSTRUCTION No. 9. 

*VALVE TIMING: Valve Clearance. Meaning of Degrees. 
Periods of Travel of Cam during the Four Strokes. Exam¬ 
ples of Valve Timing. 

Before the reader can thoroughly master the subject of valve timing he 
must first learn the four cycle principle as explained on page 57 to 59, as it is 
with this principle we will deal. In addition to the above, the meaning of 
degrees as explained in chart 45, and the relation of the valve cam speed to 
the engine crank shaft speed and the importance of valve clearance adjust¬ 
ment must be thoroughly understood. 

Valve Clearance and Lift of Valve. 

If no space was left between the end of valve stem and the cam, even 
very slight wear of the stem and seat would prevent the valve from closing 
properly. Furtherfore there must be some cognizance taken of the expan¬ 
sion due to heat. As the stem expands, it gets longer so if no clearance were 
provided the stem would rest against tappet and be unable to seat properly. 

♦♦Valve clearance, also called “air gap” space, is the space between the 
end of valve stem and the lifter or plunger. The width of this air gap 
ranges from the thickness of tissue paper to 1/16 of an inch. The average 
gap is somewhere about or slightly less than postal card thickness (see in¬ 
dex; Standard Adjustments of Leading Cars). 

Some manufacturers give about 1/1000 of an inch less space, to the inlet 
than the exhaust, because the exhaust valve stem lengthens more; due to 
greater heating. For instance, Hudson gives .004 of an inch to the “air 
space” on the inlet valve and .006 to the exhaust. 

The adjustment should always be made with engine cold and after the 
valves are ground, as the grinding may slightly lower valve. 

The valve lift: the inlet cam has a sharp nose. The exhaust cam has 
a broader nose, because it must hold the valve open longer. The height 
of the nose less the air gap, regulates the lift. 

The average lift of either exhaust or inlet is approximately, 3/8 or 9/32 
of an inch. It is thus evident that if the air gap is 3/8 or 9/32 inch too large, 
the valve will not open at all. 

Now if the air gap (3/8 inch) is slightly decreased, the valve will lift 
very slightly and stay open but a few degrees. If the air gap is again 
slightly decreased, the valve will open sooner, raise higher and close later. 
This process can be repeated until there is no air gap left. 

Therefore, suppose an engine was designed to have 1/16 inch air gap 
and there was no air gap at all; the valves would open possibly 50° too 
soon, raise 1/16 inch higher than intended and close 50° too late. 

As to wear of end of valve stem or tappet ; it is apparent that as the wear 
increases, the space or air gap increases and valves will have less lift, open 
late and close early and become more noisy. All of which will affect the 
power of engine. 


*For valve grinding and other repairs, see * ** 'repairing instruction." 

The study of valve timing will be simplified if the reader will refer to Dyke's, four and six 
cylinder engine models. Valve timing of leading automobile engines given in "Standard Adjustment 
of Leading Oars," see index. A table for converting degrees into inches, and fractions of hundredths 
into sixty-fourths of an inch is given in chart 51, page 115. 

**On actual tests it has been found that by adjusting the air gap properly almost double com* 
pression and more than double power has been secured. 
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When valves are noisy the cause can usually be traced to the wear of 
valve stem, although they are case hardened at end as well as the head of 
tappet, the wear however, will come in time. Too great a lift will also cause 
noise. 

^Remember; always adjust valve clearance according to measurement 
given by the manufacturer. 

It is essential that the valve clearance adjustment be made with the 
“back lash” or lost motion in the driving gear entirely taken up in direc¬ 
tion of rotation. 


Remarks on Inlet Valve Opening and Closing. 

We have explained that the valves are raised by means of cams oper¬ 
ated by a cam gear placed on the front of the engine in mesh with a gear on 
the crank shaft. 

Inlet valve opening: if, when one of the cams raise an inlet valve just as 
the piston is starting down on the suction stroke, then a charge of gas will be 
drawn into the cylinder as long as the piston is on the suction stroke and the 
valve is open. 

Therefore the valve ought to open in time to give the piston a chance 
to draw in a cylinder full of gas. 

If the valve were to open much after the time the piston was starting 
.its suction stroke, then it would not get a full cylinder of gas, and thereby 
give less power. 

Therefore it is important that the inlet valve be made to open exactly 
at the right time, and the method employed to cause it to open at the right 
time is through the inlet valve timing gear and the proper valve clearance 
(see pages 94 and 96). 

The practice is to allow the piston to descend slightly in the cylinder on 
the suction stroke before the inlet valve opens, so as to reduce the pressure 
and create, if anything, a vacuum which causes a greater suction. 

Inlet valve closing: when we come to the closing of the inlet valve we 
find the practice almost universal of leaving the valve open until the piston 
has not merely reached bottom dead center, that is, the bottom of the stroke, 
but has actually traveled slightly up on the compression stroke again. 

It seems as though the gas already sucked in would be forced out again, 
but we are forgetting the speed of the engine—15 complete cycles of opera¬ 
tion in one second, or one stroke of the piston to a one-sixtieth part of a sec¬ 
ond ; such a speed that the piston has reached the bottom of its stroke an ap¬ 
preciable time before the gas has been able to fill the cylinder, so that even 
after the piston has started to move upward on the compression stroke, there 
still remains suction in the cylinder which, if the valve remains open, will 
continue for a short interval to draw in a further charge of gas. 

Obviously the exact point at which the inlet valve should close depends 
upon the speed of the engine, and whatever setting is arranged, it will not 
be equally suitable for all the speeds attained by one engine. 

As, for instance, when the engine runs dead slow, the late closing would 
be a distinct disadvantage—the gas being partially driven back on the com¬ 
pression stroke, while at maximum speeds the valve will close before the 
suction has finished its work. 

However, there is an average speed for every engine, and the valves are 
set to it accordingly. 

*8«e pagt 542. 
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Remarks on Exhaust Valve Opening and Closing. 

Exhaust valve opening: when we come to the opening of the exhaust 
valve, there are no two opinions about it. 

The valve must open considerably before the piston reaches the end of 
the explosion stroke, and if this wastes some of the force of the explosion, it N 
is amply compensated for by the freedom afforded the piston in commencing 
the exhaust stroke. 

It would obviously be wrong to keep the exhaust valve closed up to the 
very moment/ before the piston is about to move upward, because on com¬ 
mencing the exhaust stroke it would find itself confronted for an instant with 
the force which had just driven it down, and until the valve was wide open, 
it would be considerably impeded on its journey. 

So the exhaust valve is usually opened as soon as the piston has moved 
through about seven-eighths of the power stroke; that is, before bottom dead 
center. 

Exhaust valves opening too early causes a waste of power. Sta¬ 
tionary gasoline engines, which run at much lower speeds than automobile 
engines, do not hold their valves open so long, the chief difference being in 
the times of exhaust opening and inlet closing. 

Other effects of valve timing are dependent upon the short or long stroke, the side 
valve, as in the■“L ,, head, the opposite valves as in “T” head, and the overhead valves, 
high and low compression. All this must be considered in valve timing. 

The term 4 ‘valve timing^ * refers solely to the points at which the valves open and 
elose and does not in the present section include the height to which they lift, (see 
P**e 96.) 

The most sensitive point in the cycle of a four cycle engine is the top center posi¬ 
tion, between thp exhaust and induction strokes, for the reason this is the critical scav¬ 
enging point. 

At a certain point before the bottom of the firing stroke, the exhaust valve is opened, 
and kept open during the succeeding exhaust stroke, to enable the ascending piston to 
expel as much of the exhaust gaB as is within its sphere of action, but, having come to 
rest at the top of its stroke, there is still the contents of the combustion head yet to be 
dislodged. 


Exhaust Valve Closing. 

As to when the exhaust valve should close, there is but little to be said 
about it. Suffice it to say that it may not close before the end of the stroke. 

As a rule on account of what we have explained about the gas which 
remains in the head of the cylinder being slightly under pressure at the end 
of the stroke, the valve is quite often allowed to remain open until the piston 
has moved slightly down on the induction stroke, so as to give full opportun¬ 
ity for as much exhaust gas to escape as possible. 

In order to understand just how important it really is to expel all of 
the burned or exhaust gas, it must be explained that one of its chief consti¬ 
tuents is carbon dioxide —which is the most powerful anti-combustion agent 
known to science. Its presence, therefore, even in small quantities, retards 
considerably the speed of the explosion development. 

The piston now having come to rest at the top, we are still faced with 
the problem of dealing with the volume of burned gas which remains, and for 
the expulsion of this we must take advantage of exhaust momentum. 

The manner in which this principle operates will be apparent if the con¬ 
tents of the exhaust pipe is pictured as a mass of gas moving outwards with 
explosive velocity. When the influences which started this movement have 
ceased—namely, at top centre—the gaseous mass will function almost like 
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the piston of an extractor pump, and if the valve timing permits of it will 
tend to withdraw a large proportion of the residual gases from the cylinder 
head. 

• 

It will now be obvious from the foregoing that, if the extractor action of 
the exhaust gases is to be taken advantage of, the valve must be made to close 
a little later than “top center,” or—as it is technically described—must have 
a certain degree of “lag;” for it is evident that if we close it at the exact 
top of the stroke the contents of the combustion head (which we wish to get 
rid of) will be imprisoned and will contaminate the incoming charge. 

The amount of this “lag” will depend on several things —the shape of the 
combustion head, the weight of the valve, the strength of the springs, and de¬ 
sign of the exhaust system. 

Valve Effect of “Lag” or Bounce. 

As regards valve spring, strength and weight, this has to be reckoned with on ac- 
eount of its influence on Inertia lag as distinct from that which is Intentional, for it is 
well known that as the speed of the engine increases the valve tends to “jump” the 
closing face of its cam and closes later and later as the speed increases. This is what 
we describe as “inertia lag.” There is a point however, past top center that the ex¬ 
haust extraction lasts, and pending this extracting effect the valve should remain open, 
but if carried beyond this point, a reverse of the exhaust gases may occur, for it must 
not be forgotten that the piston has now started down on its suction stroke. It beeomes 
a question therefore, of closing the valve when the scavenging is as complete as possible. 

*The best design of cylinder head for an “overlap” is the round or “I” head with 
overhead valves; the ordinary “L” head is not so good, and in certain kinds of heads 
in which the inlet and exhaust valves are small and close together in a small pocket 
an overlap is quite useless. 

On the other hand, it has been found in racing practice, where the exhaust pipe is 
very long, straight and open, and the combustion head suitable for scavenging, that a 
very considerable overlap can be allowed with advantage. 

In some instances however, the exhaust valve is made to close on top, for instance, 
the Locomobile engine which is a “T” head type (see page 108). 

What Governs the Valve Timing. 

The different size of cylinder, especially in the stroke and in the type of 
ignition, shape of manifold and the speed of engine, govern the valve timing. 

Early setting of valves on an engine will cause irregular running at 
lower speeds, unless a very heavy fly wheel is used. It will also increase the 
gasoline consumption in short stroke engines. 

For high speed work, the inlet may be opened and closed late. For slow 
speed work, closing the exhaust and inlet on center, gives the best control, 
and no blowing back. 

The time of opening and closing of valves with reference to the engine 
speed, of course has an important bearing on its performance. If the valves 
open too early it will cause back-firing, while if they open too late a sluggish 
engine and overheating will result. 

High speed (short stroke) engines, have a longer time of valve opening than medium 
or slow speed engines. The slower speed engines have the exhauBt opening and the inlet 
closing, nearer to bottom center, while some high speed engines open the exhaust 65° before 
bottom center and close the intake 70* after bottom center. 

Valve timing of different engines will vary according to its intended average speed and 
the length of stroke. Long strokes are for slower speed engines than short strokes. Ob¬ 
viously high-speed engines are not efficient at slow speeds, because the inlet closes too 
late and the exhaust opens too soon, thus losing part of the charge and part of the power 
stroke. And slow speed timing on a high speed engine does not permit of receiving a full 
charge nor of getting rid of the back pressure during the exhaust stroke. 

The value of the design of the cam, can and nearly always is, lost through improper 
valve clearance or air gap adjustment (see pages 95-107). 

*See index for “Compression"—for relation of compression to cylinder head. 
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Many people who think, because an engine is new or has just been overhauled the 
timing must be right,—will have a sad awakening if they will only spend a few minutes 
in verifying the timing. 

Most cam shaft gears or fly wheels are marked to insure proper meshing of gears or 
checking on fly wheel and proper location of the cams. Some times carelessness at the 
factory in fnarking this gear may mean that after the first removal of the gear, it will be 
replaced wrong, because the marking is wrong (see pages 102, 112, 113). 

Periods of Time Valves are Usually Open. 

Before taking up this subject in detail we shall again review the relation 
of the speed of crank shaft to cam shaft and get the name of the parts clearly 
in mind. 

A stroke, is the movement of the piston from the top to the bottom, or 
from the bottom to the top. This motion is called reciprocating motion of 
piston. When the piston goes from either top to bottom or bottom to top, 
the crank shaft turns one-half of a revolution. 

Therefore, four strokes of the piston would represent two revolutions of 
the crank shaft. 

The cam shaft turns one-half as fast as the crank shaft, because the cam 
gear is twice the size of the crank shaft gear which drives it. 

♦The nose of the inlet cam is usually shorter on its length of face than the 
exhaust cam. Because the exhaust cam holds the valve open much longer 
period of time than the inlet cam holds the inlet valve open. 

The cams which operate the valves are steel forgings, turned and ground 
to correct shape. They are then case-hardened to decrease wear, and are 
usually an integra? part of the cam shaft. 

The shape of the cam determines the actual lift of the valve and the 
time during which it shall stay open- Chart 44, page 94, shows how cam 
contours are plotted and several generally used shapes. 

Cams which are pointed give a slow opening and slow closing, the great¬ 
est opening being at the middle of the valve lift period. 

Cams which are more nearly square, open the valve rapidly, keep it 
nearly wide open until ready to close and then allow it to close quickly. 

It is usual to so design the positioning of the cam shaft and valve tappets 
that the tappets are not directly over the center of the shaft, but are offset 
slightly on the lift side. This gives a more direct lift instead of a side thrust 
as would be the case if they were centered. 

In actual practice, the inlet valve seldom opens on top, as shown in 
chart 26 (page 54) but usually after the top of stroke, varying from 5 to 15 
degrees*as explained in fig. 1, chart 46. 

The inlet seldom closes when piston reaches bottom, but from 5 to 38 
degrees after the bottom. (See fig. 2, chart 46.) 

The exhaust valve seldom opens on bottom, but usually 40 to 50 degreees 
before bottom (fig. 3). 

The exhaust valve seldom closes on top of stroke, but usually 5 to 10 
degrees after top. (In fig. 4, chart 46, illustration shows exhaust valve clos¬ 
ing on top, in order that reader will more clearly understand the illustration.) 

The cam turns the same speed as the cam shaft. The nose on the cam 
raises the valve. Therefore the inlet valve will be raised once during the 
four strokes, and the exhaust valve will be raised once during the four strokes. 


*A point which suggests itself on the timing of the inlet opening, and which also holds true for 
other operations on the timing circle, is in the securing of a quiet cam. Quietness in the cams is 
generally secured at the sacrifice of power. A steep cam is as a rule more noisy and more powerful 
than one giving a slower opening. 

To secure the full opening of the inlet valve at a point which will not be too late to permit a full 
Charge to be taken into the cylinder, and yet at the same time to have a cam which will not be noisy, 
moans that the inlet opening will have to be started fairly early. This is one of the points which often 
induces a maker to sacrifice the vacuum to some extent for the sake of quietness. 




Xzample-; Inlet opens 8° after top, closes 38* after bottom. Exhaust opens 


46* before bottom and closes on top. 

Fir 1; Inlet Valve Starting to Open 8* after top center PTC") (viewing engine 
from front); note the inlet will remain open during suction period until crank 
Is 38* after bottom center (“BCD, The period of travel of the crank during suc¬ 
tion period is 210°. The inlet valve la open during this period. 

Fig. 2: Inlet Valve has Closed and piston will now travel up on compression to 
' top center (“TC”). The period of travel of crank during compression period is 142* 

Fig. 3. The Spark Occurs at Top I in actual practice, hist before the top', 
therefore, the next stroke down will be power stroke. 

Note the period of travel of crank pin during power stroke 
is only 134°, as the exhaust valve starts to open at 
before bottom. Note exhaust cam just starting to Qpcn 
exhaust valve. 

Fig. 4; Exhaust Opens 46* before Piston reaches bottom. 

The Exhaust Valve Remains Open during a period of 226°; 
crank traveling from 4G° before bottom, to bottom, thence to 
top (“TC”). In this instance the exhaust valve closes on 
top or dead center. In actual practice it usually clones a Uttlp 
after top dead center, about 7 or 8°. 

Observe Position of cams during the various periods. The 
cam turns % the speed of crank shaft, therefore, if crank shaft 

revolves twice to complete the four strokes, then the cams will - ... x . „ 

revolve one revolution. above in one illustration. 


3HART NO. 4(1—Explanation of Period of Suction, Compression, Explosion, Power and Exhaust 
(View from front of Engine.) 

Chart 45 on pace 03. 
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By referring to fig. 5, chart 29 (page 58), note inlet cam on first stroke 
will be in position of (1), and will turn from 1 to 2, or 90 degree s during the 
first stroke. 

Exhaust cam will be in position (2) and will turn from 2 to 3, or 90 
degrees during the first stroke. 

During each stroke the cam moves 90 degrees, whereas the crank moves 
180 degrees. 

Inasmuch as a stroke of the piston is from top to bottom, or 180 degrees 
travel of crank, it will then be necessary to distinguish the difference between 
the time of opening and closing of valves and the period of travel of the crank 
shaft during the four actions of suction, compression, explosion and exhaust 
periods. (See chart 46). 


Meaning of Valve Lap. 

The word “lap” is used often in connection with valve timing, also 
firing order of cylinders. 

In speaking of firing order of cylinders we speak of one cylinder “lap¬ 
ping” another, for instance, on a certain eight cylinder engine there are eight 
periods of 44 degrees travel of crank when two cylinders are on power, or 
“lapping” at the same time. 

In using the word “lap” in connection with valve timing, it means the 
period of time that both valves are open at the same time, or -|- (plus lap). 

We will divide the laps into “zero lap,”—(minus) lap, and -|- (plus) lap. 

Zero lap: If the exhaust valve closed just as the inlet valve started to open, we wiU 
term this, “zero lap 11 (no lap at all). 

The “zero lap” means exhaust doses at the same time the inlet valve opens. With 
zero lap there is no vacuum in the cylinder at time of inlet valve .opening. 

Min us lap: If the exhaust valve closed before the inlet valve opens; this we will 
call “minus lap,” designated with a (—) mark. 

The “—minus lap,” which is the general condition used on most engines, the ex¬ 
haust closes an appreciable period before the inlet opens. This permits the piston to 
descend slightly on the suction stroke before the inlet valve opens, thus creating a 
vacuum in the combustion space. Therefore, the rush of gases into cylinder is greater, 
due to this partial vacuum. 

By referring to fig. 1, chart 29, note exhaust valve closed before the inlet starts to 
open; this would be termed “—minus lap.” 

Plus lap: If the inlet valve opened before the exhaust valve closed; this we will 
call “plus lap,” designated with a -|- mark. 

The “-|- lap,” means that both exhaust and inlet valve are open together for a period 
of the lap. In other words the inlet opens before the exhaust closes. The theory is 
that the inertia o'r rush of exhaust gases passing out the exhaust port is sufficiently 
great to create a partial vacuum, and causes a stronger in-rush oi fresh gas. 

Owing to the fact that the exhaust and inlet gases should not conflict in their 
direction, the -|- plus lap is generally used on “T” head engines. 

See page 114 and note the average valve timing of various engines. Compare the inlet valve open¬ 
ing and exhaust closing. 

Valve “Lag” and Valve “Lead.” 

If a valve opens late or remains open after it is supposed to close, it is 
said to “lag.” For instance, the exhaust valve is usually allowed to “lag” 
about 10 degrees after leaving top of its exhaust stroke before it closes. 

Valve “lead” usually applies to the valve opening before piston reaches 
top or bottom center, this distance is called “lead;” if it closes after center, 
this distance is termed “lag.” 

For instance, the setting of spark is sometimes given a “lead” or the 
exhaust valve is usually given a lead of 46 degrees, meaning opening before 
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Fig. 1.—To set the cam for valve opening on 
an “L” head cylinder it is only necessary to 
set the one cam, which is the exhaust cam—at 
the closing point. If engine has a* multiple of 
cylinders all other cams will then operate as 
they should; as all exhaust and all inlet cams 
are on the one cam shaft* and are set per¬ 
manently when cam shaft is made. 


Fig. 2.—When setting valves on a “T” 
head cylinder engine, there are two cams to set; 

the inlet and the exhaust. If cylinder is a four 
or six, or any multiple of cylinders; by setting 
the cam on the first, or say, No. 1 cylinder— 
is all that is necessary. 

The usual plan is to set the exhaust as it is 
Just closing, and the inlet as it is just opening. 

On a “T” head, all exhaust cams are on the 
exhaust cam shaft and all inlet cams are on 
the inlet cam shaft. 




Fig. 3. Example of setting by “indicator.” 


Example of Valve Timing. 

1 Example, set valves as follows; exhaust 
closes 2Mt° after top, inlet opens 10° 
after top. 

There are usually marks on the face 
of fly wheel, which indicate the position 
for placing the crank shaft when setting 
the cams. * 

For Instance; when piston of Ne. 1 and 
No. 4 or 1 and 6, cylinders are on top of 
stroke, a line will often be made on fly 
wheel which is supposed to line up with 
a mark en the cylinder, or on “indi¬ 
cator” placed on lower part of rear cyl¬ 
inder. 

This line will read “DO 1-4 DP” (if 4 

cylinder engine), meaning “1 and 4 are 
on dead center-up” (or “DC 1-6 UP,” 
if a six cylinder). 

If exhaust closed 2 y 2 ° after upper 
dead center, then a mark would appear 
on fly wheel 2 % ° further away from 
the center mark (standing in rear of fly 
wheel). 

If inlet opened 10° after dead center, 
then another mark would appear as 
shown. 


To then set the valve on “L” head engine, first place No. 1 piston on dead center (DC), then 
move fly wheel to left 2 y%° to “E C” (exhaust closing), and set exhaust cam at the closing point. 

To set “T” head, first place No. 1 piston on dead center %vith “DO” line, in line with “indi¬ 
cator,” then move fly wheel to left to “EC”—set exhaust valve closing. 

Next, move fly wheel still further to “10” (inlet opening), and set inlet cam at opening point. 
Mesh the gears and valves are timed. 

Timing valves on a round or “I” head cylinder with valves overhead, the procedure is the same 

as in the “L” unless valves are on opposite side, as on a “T” head. 


CHART NO. 47—Timing Valves on a “T & L” Head Cylinder Engine. Example of Fly Wheel 
Marking. 

Note: An indicator is also termed a “trammel.” 
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bottom. The faster engines are designed to run, the greater the amount of 
“lead” or “advance” given the opening of the exhaust, also the spark when 
running. 

Valve Timing Position. 

The position of the crank shaft determines the position of the piston. 

The position of the piston determines the point where valve is set to 
open or close. 

Therefore the cam shaft must be so placed, that the cam will raise the 
valve when piston is at a certain position. 

•This is accomplished by meshing the cam gear with crank shaft gear 
when piston is in correct position. 

Marks are usually placed by the manufacturer on the cam gears which 
wiH indicate just where to mesh gears (see page 106). The fly wheel is sel¬ 
dom used for timing unless there are no marks on gears or if it is desirable 
to check the valve timing. 

It is also important to secure the proper valve clearance as per pages 
94 and 95, before timing the valve. 

Setting Valves on a Single Cylinder Engine. 

For instance; suppose the valves are to be set on a single cylinder “T” 
head engine with exhaust to close on dead center, and inlet to open one-eighth 
inch after top on suction stroke. 

Setting exhaust valve: first; place piston (by turning crank shaft) on 
dead center, then mesh exhaust cam gear with crank shaft gear, so that ex¬ 
haust valve is just seating. (See fig. 1, chart 46.) Setting inlet valve: 
move piston down one-eighth of an inch from top, mesh inlet cam gear with 
crank shaft gear. 

It will be noted that the inlet opens and suction stroke begins right 
after exhaust closes. Therefore the closing of the exhaust and opening of 
the intake is the point to work from. 

A matter of importance to remember, is the spark. When setting valves, 
be sure the contact on timer or magneto is set to occur when piston is on top 
of compression stroke, a full revolution from where inlet valve starts to open. 
(This will be treated under ignition timing.) 

Also remember to first get the “valve clearance” or “air gap” correct 
as per pages 94 and 95. 

Setting the Valves on a Multiple Cylinder Engine. 

Setting the valves on a multiple cylinder engine is identically the same 
operation as timing a single cylinder engine 

flf there are a multiple of cylinders, say four, then there must be at 
least one inlet and one exhaust valve for each cylinder. Therefore, there 
must be four cams for the four inlet valves and four cams for the four ex¬ 
haust valves. 

If engine cylinders are “T” head, then there are two cam shafts; one 
for the inlet valves and one for the exhaust valves, placed on opposite sides 
of the cylinders. 

If cylinders are “L” or “round” head with valves in the head, then 
there is but one cam shaft. (See chart 40, page 86). (On some 8 and twin 
six engines however, there are two cam shafts.) 

tin some of the late makes, each cylinder has 4 valves, two inlet and two exhaust. 

♦Sometimes reversing the crank shaft gear will give better results, due to key-way being slightly 

offset. 
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It is well to note that even though there are four cylinders, six, eight 
or twelve cylinders, each of the pistons must pass through the four strokes 
doling two revolutions of the crank shaft, even though two of the cylinders 
are firing at once during part of the time (which they are in a six, eight and 
twelve cylinder engine). 

Just how these four strokes are made by each piston during two revolu¬ 
tions of the crank, is explained under 14 firing order,” instruction No. 10. 

We will next take up the method of setting the cams, so they will open 
and close the valves at the correct time. 

If a four cylinder engine, remember that owing to the shape of crank 
shaft, pistons 1 and 4 are always up or in line, when 2 and 3 are down, or 
vice-versa (see page 116). If a six cylinder engine, pistons, 1 and 6 are in 
line, 3 and 4, and 2 and 5 (see chart 55). 

If cylinders are “L” type or “round” type, with all valves on one side, 
then it is only necessary to set the one cam shaft, and do the timing from one 
cylinder, usually the front one, see fig. 1, chart 47, page 102. 

If cylinders are “T” type, then it will be necessary to set the inlet cam 
shaft and the exhaust cam shaft separately, but it is necessary only to set 
valves in one cylinder, as the other cams are fastened permanently on the cam 
shaft, and must open and close all other valves at the correct time. See fig. 
2, chart 47. 

Therefore the cams do not need to be set/on the shaft, but by meshing the 
cam gear in front of the engine with the drive gear, the position of the nose 
of the cams can be adjusted. The usual plan is to place piston of No. 1 
cylinder at the top of its stroke, and work from that point. 

An eight cylinder engine, usually employs one cam shaft with 8 or 16 
cams. The Cole has 16 cams, one for each valve whereas the Cadillac has 
eight cams. 

To set the valves of the Cole engine, place piston of No. 1 cylinder on 
top dead center, then turn fly wheel in direction of rotation say 10°, to 
where the exhaust is supposed to close, at this point mesh the exhaust cam 
gear so exhaust valve is just closing, or cam is just leaving the end of valve. 
Either side can be timed, which will suffice for both sides or sets of cylin¬ 
ders. Usually the right side is timed. 

fTiming Marks on Fly Wheel. 

The usual plan to time valves or set in correct 
time with cam shaft, is to mesh the cam gears with 
point marked thereon to correspond with the 
mark on crank shaft gear at the time No. 1 cylin¬ 
der is on top of its stroke. 

Usually marks also appear on the circumference 
surface of the fly wheel, which indicate position 
crank shaft is to be placed for correct setting of 
valves. 

The mark on fly wheel is placed in line with a 
center mark on cylinder or elsewhere. 

If there are no marks on gears or fly wheel, 
then it will be necessary to first determine where 
you wish to set the valves. 

^ *Note—Always adjust valve clearance before proceeding to set valve, see chart 44. 

i See Dyke's '4 and 6 cylinder engine models. 

tBy referring to inserts and page 120 an * 'inspection hole” will be noticed in housing over'fly 
| wheel for observing marks on fly wheel. 
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Timing “T” Head Cylinder Engine Valves. 

Although fly wheels and cam gears are usually marked and the setting 
done with gears, the explanation will show how to check the valve timing 
and mark fly wheel if necessary. 

For instance, suppose engine was a “T” head four cylinder type of en¬ 
gine, and you wished to time the valves as follows: Exhaust to close 15° 
past upper dead center. Inlet to open 8° past upper dead center. (This is 
an unusual timing.) 

In actual timing this is really all that is necessary to know, as the 
other points of closing and opening will be taken care of by the other 
cams on cam shaft. 

♦Procedure 6f marking fly wheel: (Refer to illustration.) Place No. 
1 piston on top or upper dead center. Mark a center mark on cylinder, 
(usually on indicator or what is called a “trammel” is placed at this point, 
see flg. 3, page 102). Now mark a line on face of fly wheel and mark on this 
line “1-4 UP,” meaning pistons 1 and 4 are on upper (or top) dead center. 

fNow measure 8 degrees from this line to the right and make another 
mark on fly wheel—mark it “10.” meaning inlet opens. 

Now mark another line 15 degrees from the DC line, to the right on fly 
wheel—mark this “EC,” meaning exhaust closes. 

Next, turn fly wheel slightly until line marked “EC” is in line with 
indicator or punch mark on cylinder. At this point piston is 15° down 
(measured on fly wheel) in direction of rotation from top. Note that you 
are supposed to be in rear of fly wheel. 

Setting exhaust cam; take exhaust cam gear out of mesh with crank 
shaft gear (if a gear, or if a chain loosen chain); turn exhaust cam in direc¬ 
tion of rotation (note direction it turns, fig. 2, page 102, opposite that of 
crank shaft); place exhaust cam at closing point (see chart 47, fig. 2). Now 
mesh exhaust cam gear and exhaust valves are timed. 

Setting inlet cam, next, turn fly wheel to left until line “10” is in line 
with center mark or indicator on cylinder ;at this point piston is 8° down 
(measured on fly wheel in direction of rotation from top). Take inlet cam 
gear out of mesh and turn inlet cam in direction of rotation until it is just 
at the point of opening (see fig 2, page 102). Mesh gears and inlet valves are 
timed. 

Next adjust the “air gap” or “valve clearance” as per pages 94 and 95. 

Timing the Valves on “L” Head Type of Engine. 

Only one cam shaft need be set when all valves are on one side, and all 
cams on one cam shaft, see fig. 1, chart 47. 

The usual plan is to place position of No. 1 piston at point where exhaust 
valve is to be closed, and mesh the exhaust cam shaft gear at this point. 

Timing Valves on an “I” or Round Head Type of Engine. 

The overhead valves are usually operated by push rods. All from one 
side of engine and from one cam shaft, therefore the timing would be the 
same as an “L” head. 

If overhead cam shaft; the valves are usually operated by one cam shaft, 
therefore the principle is the same, see chart 66, page 137. 

It is important to adjust the “air gap” or “valve clearance.” 

*A study of flg. 8, page 102, of the six cylinder timing will assist you in understanding this. 

tSee page 116, how to convert degrees into inches or fraction thereof, or just how far in inches 
to make the mark on different diameter fly wheels. 

$To And position of piston, see index *‘finding position of ths piston.'* 
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■h. , This Particular type is a “T” Head Cyl- 

/ / or i \ inder type of Engine. By observing the 

/ / & \ illustration the reader will note the 

principle of valve timing on a “six” 
\ f differs but little from the “four.” 

\ / A Study of Six Cylinder Orank Shafts 

X2Q x in Chart 55 will explain the meaning of 

When the long mark 14 is in line with 
\ r-' line on Crank Case, pistons number one 

and six are at their highest points or 
_ upper dead center. 

When mark 2-5 is in line, pistons number two and five are on upper dead cen- 




When mark 34 is in line, pistons three and four are on upper dead center. 

From Upper Dead Center, pistons are ready to start downward on their Intake 
or power stroke as the case may be. 

If the Piston of any Particular Cylinder is Ready to Start on its intake stroke, 
then when the first punch mark from center mark, or 10° of the complete circle 
is in line with mark on crank case, the exhaust valve of this particular cylinder 
has just closed. 

When the Second Punch mark or 15° is in line, intake valve of this particular 
cylinder begins to open. 

No Reference is made here as to closing of Intake and opening of Exhaust, be¬ 
cause it is of no particular advantage when timing valves, as tne opening of inlet and 
closing of exhaust is all that is necessary to know. 

The only Points to Determine is when the Inlet opens and exhaust closes and 
set as shown above. 

To Remove Timing Gears on the Mitchell. Note there are two cam shafts (“T” 
head cylinders.) To remove idler gear screw out hexagon headed bolt “D,” which 
has a left-hand thread, from idler gear shaft. 

To remove Oam Shaft Gears. Remove hexagon bolts “A” and hexagon nuts 
“B,” The gear now comes off Its hub. 

To Adjust Mesh of Timing Gears. Through holes “C” of cam shaft gears loosen ( 
the bolts that hold bearings to crank case. Bearings being eccentric they can be 
turned until desired mesh of gears is obtained. No further adjustments of the other 
cam shaft bearings are necessary to make this adjustment. Be sure bolts are again 
drawn up tight after adjustments are made. 

To Adjust Mesh of Magneto Shaft Gear. Loosen the three bolts tnat hold bear¬ 
ing to crank case; bearing being an eccentric can be turned until the desired mesh 
is obtained. 

To Adjust Generator Drive Shaft Gear. Loosen the three bolts that hold bear 
ing to crank case and proceed same as to adjust magneto drive shaft gear. 

HOW TO MESH TIMING GEARS; by removing forward end of crank case cover, 
gears can be inspected. The gears should be so set that the figure 1 stamped on 
crank shaft gear should match with figure 1 stamped on idler gear; mark 2 on 
idler should match with mark 2 on cam shaft gear and mark 3 on idler gear should 
match with mark 3 on other cam shaft gear. 

This Pzinciple of removing and meshing gears is common practice 


CHART NO. 47A—Valve Timing Marks of a Six Cylinder Engine. m— h<w g 0 f Timing Geazs oa 

a “T” head Engine (Mitchell early model 6-16). 


Note—The later Mitchell timing is given in “Standard Adjustments of Leading Cars” and is an “L“ he»d 
^^^type engine. I 
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Method of Marking a Fly Wheel in Degrees. 

Although a scale is worked out on page 115 to find in inches or a frac¬ 
tion thereof just where to mark fly wheel in degrees, another method is given 
below. Suppose there are no timing marks on fly wheel and you desire to 
mark same. 

Set the engine so that the piston in No. 1 cylinder, namely 
the cylinder nearest the radiator, is at the top of its stroke. 
With the use ef the protractor or with a square, make a mark 
at A on the rim of the flywheel, on the inner edge, which mark 
will be directly above the center of the crank shaft or piston 
is at top of its stroke. 

Then, with the protractor placed against the fly wheel so 
that the 90 degrees mark points directly toward mark A, go 
10 degrees to the right on the protractor (standing in rear 
of engine), then make a mark at B on the fly wheel. This 
mark will be 10 degrees to the right ef mark A. Now turn 
the fly wheel until mark B is at top center. 

With the engine in this position mesh the timing gears so 
that the exhaust valve of No. 1 cylinder is just closing. 


It is understood that when standing behind fly wheel it 
would turn to the left or as per arrow point. Therefore, 
piston must first reach top center (A) with exhaust valve 
still open, and travel 10 degrees further 1jo (B) before it 
closes. 



Variation of Valve Timing Maries —on fly wheel. 

Sometimes the marks may vary, for instance, instead of “1-4 UP” or 
“1-4 DC,” it may appear as, “T C 1-4” (top center 1-4) or “U C 1-4” (mean¬ 
ing upper dead center), or some similar mark meaning the same thing. 

Some manufacturers vary their marking on the rim of the fly wheel as 
follows: Inlet opens “IN-O” or “I. O.” Inlet closes “INC” or “I. C.” 

Exhaust opens “EX-O” or “E. O.” or “X. O.” Exhaust closes “EX-C” 
or “E. C.” or “X. C.” 

If the figures 1-4 or 2-3 appear after or before the above marks, as “1-4- 
IO.,” this means the number of the dylinders, as “1 and 4, inlet opens.” 


For an example of valve timing 
marks on a four cylinder engine 
fly wheel, see fig. 1—the engine 
fly wheel has upon its face, the 
following marks: 

I. O., meaning, inlet valve opens. 

I. 0., meaning, Inlet valve closes. 

E. O., meaning, exhaust valve opens. 

E. 0., meaning exhaust valve dotes. 

U.D.O., 1 and 4, upper dead center; cyl¬ 
inder 1 and 4. 

U.D.O., 2 and 8, upper dead center; cyl¬ 
inder 2 and 8. 

These points, marked upon the 
face of the wheel, show where the 
exhaust and inlet valves of each 
cylinder should open and close. 
Taking as a reference point the small boss marked with a cross upon cylinder 
No. 4, next to dash, this being plainly shown in the illustration, together 
with the marking on one side of the fly wheel. 

The engine cylinder* are numbered 1, 2, 8 and 4. No. 1 being next to radiator, and No. 4 next 
to dash. By referring to pages 76 and 78 of crank shafts, previously given, it will be seen that orsnks 2 
and 8, and 1 and 4 are exactly 180 degrees apart. Therefore, the same marking on the fly wheel 
that serves for No. 2, also servea for No. 8, and the marie Lug for No. 1 serves for No. 4, these potato 
being exactly one-half revolution, or 180 degrees apart, as before mentioned. 
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1. Inlet Opens. 

Top Center 
Top Center 



2. Exhaust Closes. Fig. 3. Exhaust Opens. Fig. 4. Inlet Closes. 

Past Top Center “38* J % " Before Bottom Center Past Bottom Center 

Past Top Center “48” 1" Before Bottom Center Past Bottom Center 


Figures 1, 2, 3 and 4 Illustrate the valve timing of the Locomobile “38” and “48” six cylinder 
engine. The timing being given In Inches. The top line is the timing of the model “38” and the 
lower line “48.” First, adjust the valve clearance by adjusting check nut on valve lifter or plunger 
until it just touches the bottom of the valve stem. The cam is then off the bottom of the plunger and 
piston No. 1 is on the top of stroke. This will give about .005 of an inch clearance. Next; the intake 
valve is set to open at the top of the stroke, therefore set the inlet cam just starting to open the inlet 
valve at this point. Next; set the exhaust valve at point just closing, when piston is down % of an 
inch from top. 

Cadillac valve timing: Open cylinder relief cocks, turn engine until valve you are timing (say 
exhaust of No. 1 right) has just seated. Turn still N farther, until line marked “Ex. | S.” on fly 
wheel, is under trammel on crank case. The cam is then in correct position for that valve. 

To check Inlet valve —the same procedure, but mark on fly wheel is “In | S.” (inlet seated.) 



Fig. 3.—The timing of the Hudson Super Six measured 
according to piston travel: Intake opens 144 after top dead 
center; closes after bottom dead center; exhaust opens 

6T(. 4 before bottom dead center; closes V&2 after top dead 
center. 


These measurements are best for timing, but for compari¬ 
son with other engines it is better to state the valve move¬ 
ment in degrees: Intake opens 7 deg. after top dead center; 
closes approximately 42 deg. after lower dead center; exhaust 
opens about 55 deg. before dead center; closes 8 deg. after 
top dead center. 



Fig. 6. —Valve timing diagram of 
the Stutz racing engine explained on 
page 109. 

The Stutz (see diagram above) the 
exhaust opens 55° before bottom and 
closes 10° after top. Inlet opens 10° 
after top, closes 55° after bottom. 

Dusenberg racer engine: Ex. opens, 
46° before bottom, closes 8° after top. 
Inlet opens 4° after top, dlosee 42° 
after bottom. 

The Maxwell racer engine: Ex. 
opens 69° before bottom, closes 13° 
45' after top. Inlet opens top of dead 
center, closes 32° after bottom. 

A prominent French racing engine 
uses a valve timing of—Inlet opens 
10-12° after top, closes 45° after bot¬ 
tom. Exhaust opens 45° and closes 
18° after top. 


CHART NO. 48 —Example of Valve Timing in Inches. Valve Ti m in g of Racing Engines. (See 
* 1 Standard Adjustment of Leading Cars,” page 543.) 


-‘age 500 for Locomobile gear shift and page 362 for electric system. 
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The Bnlck valvee, both inlet end exhaust 
are placed in the head of cylinder. The 
valves are in cage* and can be ground by 
lifting push rod out of socket in valve 
lifter and loosening valve cage nuts and un¬ 
screwing valve cage. The valve cage can 
also be ground to its seat as per page 742 
and 688. 




Timing Buick Overhead Valvea. 

The Overhead valves can be timed in just the same 
manner as timing the valve* when placed on the 
side a* described on page 102, but in order to sim¬ 
plify the work, quite often, manufacturers mark the 
timing gears as described in the illustration fig. 2. 

Timing the valves: Por instance, to time the valves 
of the six cylinder Buick*; the cam shaft gear which 
is marked “O" corresponds with the tooth on the 
crank shaft gear as shown in fig. 2. 

Adjusting push rod clearance: Turn the engine by 
lisnd (in s clockwise direction, looking at it from in 
front), until the line marked "1 and 6," on the fly 
wheel, comes opposite the line on the rim of the in¬ 
spection hole. This is the firing position for cylinders 
Nos. 1 and 6, numbering from the radiator baek, and 
one or the other of these cylinders will be found to 
have both valves closed, so that both rocker arms will 
have a slight amount of play. The push rods should 
then be adjusted so as to have .005 inch clearance be¬ 
tween the end of the valve stem and the rocker arm. 
This is approximately the thicknees of a sheet of 
heavy paper or vary light card, and is sufficient to 
allow for the expansion of the push rod when the 
motor gets warm. Push rods for the other cylinders 
msy be adjusted in the same manner. 

Setting the ignition on Buick: Turn engine clock¬ 
wise, ss before, until "1 and 6" line on fly wheel 
comes in view; continue turning slowly until line 
marked “7°“ registers with indicator msrk (which is 
approximately 1 inch after dead center mark). This is 
the point to set ignition timer. Retard spark. Sot 
breaker cam on timer, so lobe of cam is just commenc¬ 
ing to separate contact points. Firing order Is 1, 4, 
2 , 6 , 8 , 6 . 

The Stilts Racing Engine 
—16 Valves. 

An end view is shown. A brief detail of the specifi¬ 
cations are as follows: 

General: Bore, 8 18-16 inches; stroks, 6H inches. 
Cubic inch displacement of all cylinders, of which 
there are 4, is 296.81 cubic inches, or 74.2 cubic 
inches per h. p. 

The maximum power Is obtained at a piston speed 
of 8260 feet per minute which corresponds to 8000 
r. p. m. and is about 180 h. p. 

Valves: there are two inlet and two exhaust valves 

for each cylinder which is termed “dual” valves. The 

valves are operated by an overhead cam abaft, which 
is operated by a chain of gears from the crank shaft gear. 

Where four valves are used to each cylinder, they are 
known as “dual valves,” see page 927. 

The crank shaft is ball bearing with one inch balls. 


OHABT NO. 49—Timing the Valves when placed Overhead and operated by Rocker Arm. 4 
Timing the Ignition. The Six Cylinder Buick as an example. The Stats Racing Engine. 

—dmaae-ge^arfiSaA. error in numbering. _ 
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Checking' the Valve Timing. 

The purpose of checking the valves is to see if they are opening and 
closing as marked on fiy wheel. 


Although it is only necessary to set the exhaust cam so exhaust valve 
will just close, on an “L” type of cylinder engine, there are other marks 
which are used for checking the timing. 



Fig. 2.—An example of valve timing marks on the 
11 7 wheel of a four cylinder engine. See text for 
ehecklng valve timing from these marks. View from 
rear of engine. Note it tarns to the left. 


As an example a four cylinder en¬ 
gine is used, with timing scale as 
follows: i 

Dead center of cylinders 1 and 4 are marked 
on fly wheel “1-4." 

Dead center of cylinders 2 and 8 are marked 
on fly wheel **2-8.** 

Inlet valve opens 5° past top center marked oa 
fly wheel “1-4 IN. 0.“ 

Inlet valve closes 40° past bottom center 
marked on fly wheel “1-4 IN. 0.“ 

Exhaust valve opens 40* before bottom center 
marked on fly wheel “1-4 EX. O.’* 

Exhaust valve closes 7* past top center marked 
on fly wheel “1-4 EX. 0.“ 

Note—the marking on illustration is merely (* 
and 7*, the reading at end of arrow lines indi¬ 
cate the meaning. 

The same marks appear for cylinders 2 and 8. 

The lines on fly wheel indicate the points at 
which the valves open and close. 

When fly wheel is turned so that the line 
marked “1-4“ is up in line with mark on 
cylinder—No. 1 and 4 pistons are just at the 
uppermost points of their strokes or at “upper 
dead center." When line “2-8“ is up in line 
with center mark on cylinder the No. 2 and 8 
pistons are at upper dead center. 

To determine whether or not the 
valves are properly timed, first open 
the relief cocks on top of the cylin¬ 
ders, then have some one crank the 
engine over slowly until the line 
marked “1-4” is opposite the center 
line of the cylinders. At this point 
the exhaust valve in either No. 1 or 
No. 4 cylinder should be just closed. 


If you find that the exhaust valve in No. 4 cylinder is beginning to close 
and you wish to check up the valve timing in No. 1 cylinder, turn the fly 
wheel around to the left (standing in rear of engine), one complete revolu¬ 
tion, until line “1-4” is again brought opposite the center line of the cylinder; 
then continue slowly turning the fly wheel about three-quarters of an inch 
farther to the left until the line marked “7° EX. C.” coincides with the 
center line of the cylinders. This is the point at which the exhaust valve in 
the No. 1 cylinder should just seat itself or close. 


fTo determine whether or not the valve is seated, see if tappet or push 
rod underneath the valve can be turned with the fingers. If the tappet 
turns freely, the valve is seated, but if the tappet is hard to turn, that will 
show that the valve is still being held slightly open. If this is the case, 
loosen the lock nut on the tappet screw, and turn the screw down until the 
valve has the- proper clearance, then turn the lock nut down tight against 
the tappet. 


When the valves are closed there should be clearance between the end 
of the valve stems and the tappet screws, of from .003 to .005 of an inch. 
This amount of clearance is necessary to allow the valve to seat tightly 
(see page 95). 


tThe opening end closing time of a valve is not when the lifter begins to rias or cornea to rest 
but when it makes or leaves contact—see page 04, figs. 2 and 8. 
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To check np the timing of the inlet valve in No. 1 cylinder, torn the 
fly wheel slightly to the right until the line “1-4” is in line with the center 
of the cylinders, and then turn the fly wheel about one-half an inch to the 
loft until the line marked “5° IN. 0.” coincides with the center line of the 
cylinder. At this point the inlet valve should just begin to open. 

Continue turning the fly wheel half -a turn to the left, stopping when the 
line marked “40° IN. C,” just to the ‘right of the line “2-3” comes in line 
with center of the cylinders. At this point the inlet valve should just close. 

To see if the exhaust valve in No. 1 cylinder opens at the proper time, 
revolve the fly wheel still farther to the left, and stop when the line “40° 
EX. 0,” which is the first line to the ‘left of the “2-3” center line, comes 
up in line with center of the cylinders. This is the point where the exhaust 
valve in No. 1 cylinder should just begin to open. The above operation com¬ 
pletes the checking of cylinder No. 1. 

$To check the timing of cylinder No. 2, turn the fly wheel until the line 
marked “2-3” is in line with the center line of the cylinders. If the exhaust 
valve in the No. 2 cylinder is closed, turn the fly wheel through one com¬ 
plete revolution, until the line “2-3” is up again; the exhaust valve in No. 

• 2 cylinder should then be just starting to close. Proceed now the same as in 
timing the No. 1 cylinder. The valves in cylinders No. 3 and No. 4 are timed 
in the same manner. 

Cylinders No. 1 and 4 are timed from the center line “1-4”; 5° to left 
for inlet opening and 7° for exhaust closing, and cylinders No. 2 and 3 from 
the line “2-3;” 5° to left for inlet opening and 7° for exhaust closing. 

It In advisable, when checking the opening and closing points of the valves with the marks on the 
fly wheel, to make a note of the variation of each of the valves from the marks in the fly wheel. 

Then, after all the valves have been checked yon can compare the variations for the different 
valves and in this way determine whether the variations are due to the large time gear on the end 
of the cam shaft not being properly set with relation to the timing gear on the end of the crank¬ 
shaft, or to wear in any particular cam or valve tappet. A variation, not to exceed one-half of an 
inch either way from the lines on the fly wheel, is permissible, and will not make any. material 
difference in the timing of the valves. If the variations exceed this and are uniform for the different 
valves the correction should be made by re-setting the cam shaft, gear. (See “setting of timing 
gears,** this page.) 

When the valves are closed there should be clearance between the end of the valve stems and 
tappet screwB, of from .003 to .005 of an inch. This amonnt of clearance is required to allow 
the valves to seat tightly. (See “valve clearance," pages 94 and 95.) 


The Timing Gears. 

Since the position of the cam shaft is always the same' with reference to 
the pistons (because the cam shaft is always in mesh with the crank shaft 
gear), and since the cams are all integral parts of the shaft, the valve timing 
cannot change. If the gears are ever removed, they may be put back in the 
proper position by seeing that the marks on the edges of the teeth “ dove¬ 
tail’ , together. 

If the timing of the valves of an engine is not correct, it is then necessary 
to re-mesh or re-set the timing gears. It will be necessary to place piston of 
No. 1 cylinder at top of its stroke. Then remove the gear cover and turn 
crank until the “EX. C” (exhaust closing mark of cylinder No. 1) is in line 
with center mark on ^cylinder (in rear). Now remove the cam gear from its 
shaft and turn cam shaft in its direction of rotation (it is opposite from direc¬ 
tion of rotation of crank shaft), until the exhaust valve on cylinder No. 1 is 
just closing, keep the cam shaft in this position, replace the cam gear (large 
one) on the end of the cam shaft properly meshing it with the gear on the 
crank shaft. 

XOn engines with unit power plants the center line instead of being on cylinder, a small hoQe at 
top of fly wheel ease is provided so line and figures on fly wheel can be seen through hole, see page 120. 

fThe opening and closing time of a valve is not when the lifter begins to rise or comes to reel, 
but when it makes or leaves contact—see page 94. 

•When "2-8" fly wheel mark is at top this marking would be at the right of 2-9. Below, as 
it is now in illustration, it is to the left. 
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When the gears are originally in¬ 
stalled at the factory, there are usually 
marks stamped on the small crank shaft 
gear, for instance, a letter “0" or “C,” 
or figures 1 or 2, and a similar mark is 
stamped between the two teeth of the 
larger cam gear with which it meshes. 
At this point the valves are supposed to 
be correctly timed. 

If you find that the marked teeth do 
not come together; do not jump at the 
conclusion that the gears are improper¬ 
ly set, but first verify the setting by 
checking the timing of the valves with 
marks on the fly wheel. 

Remarks on the Eolation of Timing Gears to Valve Timing. 

After your engine has been overhauled a few times the cam shaft gear will have 
developed a dozen or more meshing marks; each workman having added a few marks 
that may or may not be right and changed a few that were right until finally it is hope* 
lees to match any of them. 

This need not seriously inconvenience you, for if you understand valve timing, yon 
ean forget the gear marks and work entirely from the fly wheel marks. 

A “trammer* is a stationary starting point to base all your work from (see fig. 3, 
page 102). The trammel generally is directly over or in front of the fly wheel, but may 
be located elsewhere if some careless workman has removed your fly wheel and replaced it 
in a different position (flange connection or a new fly wheel with key in wrong place); 
the trammel should be shifted until it registers properly when the cylinder indicated is 
at top center. 

Check up the top center mark by making sure that the piston in the cylinder in¬ 
dicated is exactly at top center and that the trammel registers exactly in line. 

Now that you are certain of the trammel, move the fly wheel in the direction it 
should travel( generally counter clock if fly wheel is between you and the cyinders) until 
the mark I. O. (intake opening) No. 1 and No. 4 registers with the trammel. Leave 
the fly wheel alone now and turn the cam shaft until the nose of the inlet cam on No. 

1 cylinder is down. Adjust the air gap for post card distance Turn the cam shaft in 
the direction of its travel until the air gap is gone and any further movement would 
start to lift the valves. Put on the cam shaft gear, being careful to not move either 
the cam shaft or the crank shaft. Have the gear key in place but don’t permanently 
fasten the gear yet. 

Turn the fly wheel in its proper direction and check up the intake closing. If 
both opening and closing of this valve are right, it means that the cam shaft and air 
gap are correct and the gear can be permanently fastened. 

If the valve opens on time but closes at the wrong time it means that both the 
cam shaft and air gap are wrong. If the valve closes too soon the air gap is too large and* 
doesn’t hold the valve open long enough. If the valve closes late, the air gap is too small 
and holds the valve open too long. (See page 95.) 

Make a mark with a lead pencil or chalk on the fly wheel, midway between the 
actual closing and the proper closing. Turn the fly wheel to this new mark and ad¬ 
just the tappet to correspond. The tappet must be just barely in contact with the valve 
stem. The air gap is now 0. K., but the cam shaft is still out of time. 

Turn the fly wheel back to the opening mark and remove the gear. Turn the 
earn shaft until the air gap is gone, replace the gear and check up the dosing. The 

cam shaft and air gap are now correct and the remaining tappets are adjusted after 

registering each mark with the trammel. Don’t use a sheet of paper or post card to 
measure with. Turn the fly wheel and adjust each tappet by the fly wheel marks. 

If the valve opens a certain number of degrees early and closes the same number 

of degrees late, the cam shaft is right but the air gap is wrong. 

If a valve opens a certain number of degrees early and closes the same number of 
degrees early, the air gap is right but the cam shaft is wrong. 

Make a habit of checking up this air gap at least once a month, especially if you 
have fibre inserts or any other noise silencers. Use the fly wheel marks. 

After the valves have been ground or new valves put in—check up. Don’t let 
your engine overheat or lose power through the fault of the air gap. 

•To assemble timing gears on the Dodge; turn countershaft clockwise until top of No. 4 piston is 
%" (or 5 # ) below top of cylinder, on compression stroke. Then rotate cam shaft counter-clockwise 
nntH No. 8 exhaust valve is ready to open. The crankshaft and cam shaft gear should then be meshed 
the single punch mark in the latter is between the two on the former. 



1 .—Note meshing of crank shaft gear mark 
(1) between the two teeth on cam shaft gear 
mark (1). This is the Overland model 85. 


Note the cam shaft turns in opposite direction 
to crank shaft when the crank Bhaft gear drives 
the cam shaft gear without using an idler gear. 
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Where iflent and sprockets are used instead of gears —the pro¬ 

cedure is similar, except the cam shaft revolves in opposite direction. 

The cam shaft, generator and magneto shafts are 
driven from the main shaft by chains at the front 
of the engine. The timing of 
these shafts, or the relation of 
their operation to the crank 
shaft, determines the time of 
opening and closing of the 
valves and the firing of the gas. 

Should the chains be removed 
proceed carefully when reas¬ 
sembling as follows: 

Turn the crank shaft until the 
mark “1-4 UP” on the fly wheel, 
./if. ? .—Note on the Overland model 75, sprockets and lines Up with the mark on the cross 
■llent chain, are used instead of gear.. member, and with No. 1 cylinder 

Note the cam shaft turns the same direction as crank 
shaft when cam shaft is driven by silent chain. reaay to nre. 



Turn the cam shaft until mark 1 on the sprocket is opposite mark 1 on the crank 
shaft sprocket. 

* Now turn the magneto shaft until the distributor makes contact with No. 1 brush, 
the lower right-hand one. Mark 2 on the magneto sprocket should now be opposite mark 
2 on the cam shaft sprocket. 

fWrap the chain around the sprockets and fasten the master link. The parts should 
now operate in their correct relation, (see also page 648.) 


Votes relative to gears: To reach the gears it is usually necessary to remove radihtor, then 
the starting crank atud, then fan, fan pully and gear housing cover. When replacing be sure the 
gasket of housing is in good condition. The gears are usually keyed and locked in place by a nut 
on end of shaft. On most gears there are two holes for a “gear puller" (see index), which is 
used to draw off the gear. Should it be necessary to remove the cam shaft sprocket from tho hub, 
eee that it is replaced with the tooth marked "CJ ,r directly opposite the keyway. 


Valve Timing of a 6 Cylinder Engine. 

The process is identical with that of a 4 cylinder engine. If all valves 
are on one side, it is only necessary to time the exhaust valve closing of 
cylinder No. 1. See page 106 for an example 

The timing of a six cylinder engine in ^inches instead of degrees is 
shown below. Also see page 109. 

Example of Valve Checking on a 6 Cylinder Engine. 

As an additional check, use may be made of the fly wheel markings, as 
follows: 

Remove the top cover and twirl between the 
Angers the long aluminum push rod (for the No. 1 
intake valve— the second rod from the front) while 
someone slowly turns the starting crank. Stop the 
engine at the exact point when the push rod is no 
longer free to turn and note the markings on the 
fly wheel. If the engine is properly timed, the line 
marked “IN-OP” near “TC l-|-6” will be di¬ 
rectly under the pointer. The exhaust valve is 
tested in the same way, except that the mark 
“EX-CL” is used to show the point at which the 
exhaust valve closes. The point at which the in¬ 
take closes and that at which the exhaust opens 
are not shown, as, if the other markings for the 
same valve are correct, these are sure to be. The 
marks “TO l-|-6,” “TC 2-|-6” and “TC 3-|-4” 
designate the top centers of the several cylinders 
and the timing of each starting from the proper 
top center is similar to that for No. 1 described 
above. The marks “IN-OP” and “EX-CL” each refer to the cylinders whose “TC” 
is nearest. Valve clearance on the Marmon is .003. 



•See page 116 for conversion of degrees into inches. *See index for valve timing of a 12 cylin¬ 
der "v" engine. tSee index for "repairing silent chains." 
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Valve Timing “Indicator” or “Trammel.” 



Top A trammel or indicator is a stationary starting 
Center point to base all work from. It is sometimes at¬ 
tached to the base of a cylinder or ofher point, in¬ 
stead of a center line on cylinder. It is usually 
directly over, or in front, of the fly wheel, as per 
fig. 4 (fly wheel indicator.) 

Example of 6 cyl. engine timing: inlet opens 
and exhaust closing at the same time, or on “top.” 

When the long mark 1-6 is in line with “indicator'* on 
crank case, pistons number one and six are at their highest 
points or upper dead center. After turning fly wheel to this 
mark, then turn the fly wheel to the left (when behind it) 
until the small dot mark is under indicator. This is the point 


Fig. 4 .— Showing the purpose (15°) to set exhaust valve just dosed. Therefore it is plain 

of on “indicator”' or “tram- to see that setting the exhaust valve just closing on a 6 cyl- 
M applied to a 6 cylinder j n( jer engine with valves on the side, is aU that is necessary. 



Fig. 3.—Average valve timing diagrams. 


Average Valve Timing. 

There is very little difference between the average timing of the four and the six 
cylinder engine. On the six, the average inlet opening is 10.7 degrees past top center and 
closing point 37.6 degrees past bottom center. On the four the average for inlet opening 
Is 11.1 after top center and closing point 36.8 degrees after bottom center. The small 
difference would hardly be noticeable. 

The exhaust on the average six opens 46 degrees before bottom center and the 
four 46.3. The closing point of sixes average 7 degrees after top, and the four 

7.7. Therefore, there is very little difference between the four and the six in this 
respect. 

On an average of engines, the intake remains open for a period of 205.8 de¬ 
grees, and the exhaust remains open for a period of 233.4 degrees. (For an ex¬ 
ample, see chart 46, page 100, showing how long the valves remain open, or the 

period of travel.) 

To Find Position of Piston. 

To And the top or bottom position of piston, see pages 320, 312, for; “Finding Posi¬ 
tion of Piston." 

The best procedure is to calculate the degrees from the center marks on the fly wheel, which 
are nearly always present either as punch marks, letters, or a simple line filed across the rim. If one 
person feels the tappet head of the valve which is being checked, while another slowly pulls the 
fly wheel round in its proper direction of motion, the precise moment at which the valve commences 
to lift can readily be determined by the binding of the tappet head against the stem of the valve. 

Converting inches into degrees: —If the circumference of the fly wheel be then measured in 
inches by a tape line or its diameter be ascertained and multiplied by three and one-seventh (which 
amounts to the same thing), the proportion of this measurement to the distance on the rim of the 
center mark from the perpendicular position will give the degrees of advance or retard. 

Suppose for Instance, we find that the exhaust valve just closes when the top center mark Is 2 
fariiM past the central line in the direction of rotation and that the circumference of the fly wheel 
Is 60 inches. Now there are 360 degrees in a circle, and therefore by the simple process of multi¬ 
plying this figure by 2 and dividing the result by 60 we get the answer 12 degrees, which is. of 
course, the number of degrees represented by 2 inches. Also see page 115 for converting degrees 
into Inches. 

Valve on Dodge; first see that valve lifter or tappets are properly adjusted, which is 

.008 clearance for inlet and .004 for exhaust. Then turn crank shaft clockwise until top of piston 
No 1 is 1-16 inch above top of cylinder on exhaust stroke. Turn cam shaft clockwise until No. 1 
exhaust valve is just fully closed. Gears are then meshed 
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Diant . 

wtteei 

Circum. 

1* 

H 

H 

H 

H 


H 


9* 

10° 

20* 

30* 

40* 

50* 

12 

37.699 

.10 

.21 

.31 

.42 

.52 

63 

73 

84 

94 

1 05 

2 09 

3 14 

4 19 

5.24 

1/4 

36.485 

.11 

.21 

.32 

.43 

.53 

.64 

75 

86 

96 

1.07 

2 14 

3 20 

4 27 

5.34 

1/2 

39.270 

.11 

.22 

.33 

.44 

.55 

66 

77 

87 

98 

1 09 

2 IS 

3 27 

4.36 

5 46 

3/4 

40.055 

.11 

.22 

.33 

45 

.56 

.67 

78 

89 

1.00 

1 11 

2.22 

3 33 

4 45 

5 56 

IS 

40.841 

.11 

.23 

.34 

.45 

.57 

.68 


91 

1.02 

1 13 

2 26 

3 40 

4 54 

5 67 

1/4 

41.626 

.12 

.23 

.35 

.46 

.58 

.69 


93 

1.04 

.1.16 



4.63 

5.78 

1/2 

42.412 

.12 

.24 

.35 

.47 

.59 

.71 


94 

1.06 

1. IS 

■Ml 


4 71 

5 89 

3/4 

43.197 

.12 

.24 

.36 

.48 

.60 

.72 


96 

1 08 

1 20 



4 80 

6 00 

14 

43.982 

.12 

.24 

.37 

.49 

.61 

73 


.98 

1.10 

1.22 

2.44 

3.66 

4.89 

mm 

1/4 

44.768 

12 

.25 

.37 

.50 

.62 

.75 


99 

1 12 

1.24 

2 48 

3.73 

4 98 

6.21 

1/2 

45.553 

.13 

.25 

.38 

.51 

.63 

.76 


1.01 

1 14 

1.27 

2.53 

KI31 


6.34 

3/4 

46.338 

13 

.26 

39 

.51 

.64 

.77 

90 

1 03 

1.16 

1.29 

2.57 

3.86 

5 15 

6.44 

IS 

47.124 

.13 

.26 

.39 

.52 


79 

.92 

1.05 

1.18 

1.31 

2 62 

3.93 

5 25 

6.55 

1/4 

47.909 

.13 

.27 

.40 

.53 

■1 

.80 

93 

1.06 

1.20 

1.33 

2.66 

3.99 

5 31 

6.65 

1/2 

48.695 

.14 

.27 

.41 

.54 

.68 

.81 

95 

1.08 

1 22 

1 35 

2.70 

4.05 

5 40 

6.76 

3/4 

49.480 

.14 

.27 

.41 

.55 

.69 

.82 

96 

1 10 

1.24 

1.37 

2.75 

4.12 

5.49 

6.87 

14 

50.265 

.14 

.28 

.42 

.56 

70 

84 

98 

1 11 

1.26 

1.40 

2.79 

4.19 

5.59 

6 98 

1/4 

51.051 

.14 

.28 

.43 

.57, 

71 

85 

99 

1.13 

1.28 

1.42 

2.84 

4.25 

5 68 

MI'S 

1/2 

51.836 

.14 

.29 

.43 

.58 

.72 

86 

1 01 

1.15 

1.29 

1.44 

2.88 

4.31 

5.70 

7.20 

3/4 

52.622 

.15 

.29 

.44 

.59 

*73 

88 

1 02 

1 17 

1.31 

1.46 

2.92 

4.38 

5.85 

7.30 

17 

53.407 

.15 

.30 

.44 

.59 

.74 

.89 

1.04 

1.18 

1.33 

1.48 

2.90 

4.44 

5.33 

7 40 

1/4 

54.192 

.15 

.30 

.45 

.60 

.75 

.90 

106 

1.20 

1.35 

1.50 

3.00 

4.51 

6.02 

7 53 

1/2 

54.978 

.15 

.31 

.46 

.61 

.76 

.92 

1.07 

1.22 

1.37 

1.53 

3.05 

4.58 

6.11 

7.65 

3/4 

55.763 

15 

.31 

.46 

.62 

.77 

.93 

1.08 

1.24 

1.39 

1.55 

3.10 

4.65 

6.20 

7.75 

18 

56.549 

.16 

.31 

.47 

.63 

.79 

94 

1.10 

1.25 

1.41 

1.57 

3.14 

4.71 

6.29 

7.85 

1/4 

57.334 

.16 

.32 

.48 

.64 

.80 

.95 

1.11 

1.27 

1.43 

1.59 

3.18 

4.77 

0.37 

7.95 

1/2 

58.119 

.16 

.32 

.48 

.65 

.81 

.97 

1.13 

1.29 

1.45 

1.61 

3.23 

4.84 

6.45 

8 07 

3/4 

58.905 

16 

.33 

.49 

.65 

.82 

.98 

1.14 

1.31 

1.47 

1.63 

3 26 

4.90 

6 54 

8.18 

19 

59.690 

.17 

.33 

.50 

.66 

.83 

.99 

1.16 

1.32 

1.49 

1.66 

3.32 

4.97 

6.63 

8.30 

1/4 

60.476 

.17 

.34 

.50 

.67 

.84 

1.01 

1.17 

1.34 

1.51 

1.68 

3.36 

5.04 

6.71 

8.40 

1/2 

61.261 

.17 

.34 

.51 

.68 

.85 

1.02 

1.19 

1.36 

1.53 

1.70 

3.40 

5.10 

6.80 

8.51 

3/4 

62.046 

.17 

.34 

.52 

.69 

. .86 

1.03 

1.21 

1.38 

1.55 

1.72 

3.45 

5 17 

6.90 

8.62 

28 

62.832 

117 

.35 

.52 

.70 

.88 

1.05 

1.22 

1.39 

1.57 

1.74 

OH 

5.24 

6.98 

8.73 

1/4 

63.617 

.18 

.35 

.53 

.71 

.89 

1.06 

1.24 

1.41 

1.59 

1.77 


5.31 

7 07 

8.85 

1/2 

64.403 

.18 

.36 

.54 

.72 

.90 

1.07 

1.25 

1.43 

1.61 

1.79 

3.56 

5.37 

7.15 

8.95 

3/4 

65.188 

.18 

36 

.54 

.72 

.91 

1.09 

1.27 

1.45 

1.63 

1.81 

3.62 

5.44 

7.25 

p.05 

21 

65.973 

.18 

.37 

.55 

.73 

.92 

1.10 

1.28 

1.47 

1.65 

1.83 

3*0 

5 50 

7.33 

9.15 

1/4 

66.759 

.19 

.37 

.56 

.74 

.93 

1.11 

1.30 

1.48 

1.67 

1.85 


5.56 

7.41 

9.26 

1/2 

67.544 

.19 

.38 

.56 

.75 

.94 

1.12 

1.31 

1.50 

1.69 

1.88 

3.75 

5.63 

KZZ3 

9.38 

3/4 

68.330 

.19 

.38 

.57 

.76 

.95 

1.14 

1.33 

1.52 

1.71 

1.90 

3.79 

5.69 

7.59 

9.49 

22 

69.115 

.19 

.38 

.58 

.77 

.96 

1.15 

1.34 

1.53 

1.73 

1.92 

3 84 

5.75 

7 68 

9.60 

1/4 

69.900 


.39 

.68 

.78 

.97 

1.16 

1.36 

1.55 

1.75 

1.94 

3.88 

5.82 

7.70 

9.70 

1/2 

70.686 

IK] 

.39 

.59 

.79 

.98 

1.18 

1.37 

1.57 

1.77 

1.96 

3.93 

5.88 

7.85 

9.82 

3/4 

71.471 


40 

.60 

.79 

.99 

1.19 

1.39 

1.59 

1.79 

1.98 

3.96 

5.95 

7.94 

9.92 

23 

72.257 


.40 

.60 

.80 

1.00 

1.20 

1.40 

1.61 

1.81 

2.01 

wm 

6.02 

8.03 


1/4 

73.042 

KJ 

.41 

.61 

.81 

1.01 

1.22 

1.42 

1.62 

1.82 

2.03 

4.06 

6.09 

8.13 

10.13 

1/2 

73.827 

.20 

.41 

.61 

.82 

1.02 

1.23 

1.43 

1.64 

1.84 

2.05 

4.10 

6.15 

8.21 

10.23 

3/4 

74.613 

.21 

.41 

.62 

.83 

1.04 

1.24 

1.45 

1.66 

1.86 

2.07 

4.15 

0.22 

E£J 


24 

75.398 

.21 

.42 

.63 

.84 

1.05 

1 26 

1.46 

1.67 

1.88 

2.09 

4.19 

6.28 

8.38 

10 45 


Conversion Table, Hundredths of an Inch to Sixty-Fourths 


01. .02.. 1/64 

03. 1/32 

04. .05.. 3/64 
.06, .07. 1/16 

.06.5/64 

.00, .10.. 3/32 

.11.7/64 

.12, .13.. 1/8 


.14.9/64 

.15, .16.. 5/32 

.17.11/64 

.18, .19.. 3/16 
.20, .21.. 13/64 
.22...... 7/32 

.23, .24. . 15/64 
A5. 1/4 

.26, .27.. 17/64 

.28.9/32 

.29, JO.. 19/64 
.31, .32.. 5/16 

.33.21/64 

.34, .36.. 11/32 

.36.23/64 

.37, .38.. 3/8 

.39.25/64 

.40, .41.. 13/32 

.42.27/64 

.43, .44.. 7/16 
.45, .46 . .29/64 

.47.15/32 

.48, .49. .31/64 
.50. 1/2 

.51, .52..33/64 

.53.17/32 

.54, J55. .35/64 
.56, .57.. 9/16 

.58.37/64 

.59, .60.. 19/32 

.61.39/64 

.62, .63.. 5/8 

.64,.41/64 

.65, .66. .21/32 

.67.43/64 

.68, .69.. 11/16 
.70, .71. .45/64 

.72.23/32 

.73, .74. .47/64 
.75.3/4 

.76, .77. .49/64 

.78.25/32 

.79, .80. .51/64 
.81, .82.. 13/16 

.83.53/64 

.84, .85. .27/32 

.86.55/64 

.87, .88.. 7/8 


.89.57/64 

.90, J91. .29/32 

.92.59/64 

.93, .94.. 15/16 
.95, .96. .61/64 

.97.31/32 

.96, .99. 63/64 
1.00. 1 


This table Is provided for converting degrees into inches. For instance; if a certain engine is to be 
timed when inlet opens, say 10* after top of stroke, and there are po marks on fly wheel to indicate this 
position, by referring to this table the distance in inches to measure on fly wheel from upper dead center 
mark can be found. ^ „ . 

It will be necessary however, to know the diameter of the fly wheel. Suppose fly wheel was 17 inches; 
refer to first column and And 17, then go out to column under 10* and you have 1.48 (one and forty-eight 
hundreths of an inch). This would' represent the distance to measure for the inlet opening mark on fly 

Forty-eight hundreths (.48) is not so easy to measure on the rule, therefore refer to table below to .48 
and note it is equal to 31/64 of an inch. Therefore we would have 1 31/64 of an inch. 

Another Example: What would 2%* represent in inches on a 17 inch fly wheelf Procedure: And 
17 ( go out to column under 2* and we find .80. Put this down. Now refer back under column headed _1* 
and we And .15. One-half of this one degree would be .075 This added to .30 equals .375 Refer to table 
below an d mote .375 equals % of an inch. ___._ 

BHABT NO. 61—Table to Convert Degrees Into Inches. Fractions of Hundredths into Sixty- — 
fourths of an Inch. (From Horseless Age) 
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Fig. 1. Four Cylinder Engine: crank shaft set’ 
at 180 degrees. Power stroke every half revolution. 


Note the shape of crank shaft has an important 
bearing on the firing order. • The actual firing order 
is governed by the relative position of the came. 

If piston No. 1 Is going down say on power . 
No. 8 must be coming *up on either compression 
or exhaust. If coming up on compression it would 
fire next. No. 8 would then be coming up on ex¬ 
haust and No. 4 suction. Therefore the firing order 
would be 1, 2. 4, 8 (see lower table, bottom of 
Pag*). 

If No. 1 was going down on power and No. 8 
coming up on exhaust, then No. 8 would be coming 
up on compression and would fire next. Therefore 
the firing order would be, 1, 8, 4, 2. 

Remember that the two. down strokes are, suction 
and power. The two up strokes are, compression 
and exhaust. Each piston must be doing one of the 
four, during each of the four strokes or two revolu¬ 
tions. 

The change of firing la accomplished by the 
movement of cams on the cam shaft. The cams on 
cylinder No. 2 and 8 being the only two affected. 
See below. 


If piston No. 1 
goes down on 
power stroke. 


Piston No. 2 
would be co ming 
up on ezhanst 
stroke if firing or¬ 
der is 1, 8, 4, 2. 
or 

Compression stroke 
If firing order is 
1, 2, 4. 8. 




Piston No. 8 
would be coming 
on compression 
firing order is 
1, 8, 4, 2. 

or 

Exhaust if firing 
order ia 1, 2, 

4, 8. 


Cylinder No. 4 
would be going 

down on suction 
on either firing 

order. 


EXHAUST 

VALVE 


POSITION 
Of CAMS, 



| ORDER 

PIRIN6 
| ORDER 


Ylg. 2.—Relative position of cams and pistons when No. 1 piston is ready to start down on power 
stroke. The upper row of cams show position of cams when the firing order is 1, 8, 4, 2. 

Note: Oam shaft operated by gears (and not having an idler), turn in opposite direction to crank 
shaft and Jnst <pice to the crank shaft twice. 
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The lower row of came show 
position when the firing order 
is 1, 2, 4, 8. 

Referring to fig. 5, page 68, 
note numbers on cam denote 
position. Each stroke of the 
piston, or half revolution of 
crank, the cams travel 90 de¬ 
grees or M, of a revolution. 

HOW THIS FOUR CYLIN¬ 
DER ENGINE FIRES 4 times 
during two revolutions of the 
crank shaft or four strokes of 
the piston. Fires 1, 2, 4, 8; 
diagram to the left, and 1, 8, 
4, 2; diagram to the right. 

It will be noticed that to 
change from one firing order 
to another, merely the cams on 
valves of cylinders 2 and 8 are 
changed. (Also the ignition 
wires.) 
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CHART NO. 58—Firing Order of a Four Cylinder Four Cycle Engine. Relative Cam Movement to 
Crank Movement. (See charts 66, 62 and 66, for explanation of firing order of a Six, 
Eight and Twelve (twin six) cylinder engine.) 

How to teU firing order of engine by position of cams; see page 120. 

Chart 52 on page 1M. 
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INSTRUCTION No. 10. 

FIRING ORDER: One, Two, Three and Four Cylinder Engines. 

fFiring Order of One and Two Cylinder Engines. 

There are four strokes to two revolutions of the crank to complete a 
cycle operation, as explained in chart 29. x 

A stroke of the piston means a travel from top to bottom or bottom to 
top, or 180 degrees movement, or one-half of a revolution of the crank 
shaft. 

There is but one power stroke during the four strokes, or two revolu¬ 
tions of the crank shaft. Also note that the power stroke is a very short 
one ; owing to the fact that the' exhaust valve starts to open considerably be¬ 
fore piston reaches bottom of its stroke. If the exhaust valve should open 46 
degrees before bottom, then the travel on power stroke would be but 134 
degrees instead of 180 degrees. 

Therefore, if there is but one power strpke to two revolutions of the 
crank shaft, we would have only 134 degrees out of the two revolutions, 
(or 720 degrees travel of crank) on which there is power. (See chart 46.) 

In an engine with one cylinder (fig. X, chart 62), there is an explosion once during 
every two revolutions of the crank shaft, or in other words, there is one stroke of the 
piston when power is being developed, and three when there is no power, the piston 
then being moved by the momentum of the fly wheel. 

As the piston must be carried through the three dead strokes, it is necessary to use 
a heavy fly wheel, so that when it is started it will continue to revolve for a'sufficient 
time to move the piston until the next power stroke. 

There is vibration from a one cylinder engine on this account for the weight of 
the piston sliding first one way and then the other has nothing to balance it. 

It can be balanced to some extent by attaching a weight called a *‘counter balance,’ 1 
(*g. 12, chart 36), to the crank shaft opposite to the crank pin, in the same manner that 
the wheels of a locomotive are balanced, but even so there is vibration owing te power 
stroke at intervals. 

An engine with two cylinders: one piston can be arranged to slide inward as the 
other slides outward, so that one balances the other, as in fig. 4, page 118. This type of 
engine is called an opposed type of engine. Cylinders are set 180 degrees apart, also 
crank shaft. When one piston starts down on power stroke, the other would start 
down on suction, therefore referring to the scale under fig. 4, note there would be a 
firing impluse at each revolution of the crank shaft or every 360°. There is still 
vibration, however, as the power stroke is not continuous. 

The two types of twin vertical cylinder engines, figs. 2 and 3, page 118, are ex¬ 
plained in text matter in the chart. Fig. 2 would cau$e considerable vibration, as 
would also fig. 3. 

The fly wheel of a two cylinder engine need not be as heavy as that of an engine 
with one cylinder, because it is required to carry the piston through only one dead 
stroke before another power stroke occurs. On 6, 8 and 12 cylinder engines, the fly 
wheel is very small in diameter. 

The more cylinders an engine has, the more steadily it may run, for the explosions 
may be arranged to follow one another so closely that there is no moment when one of 
the pistons is not on the power stroke. 

♦♦Firing Order of a Three Cylinder Engine. 

Three cylinder engine fires 1, 3, 2 from front of engine or 1, 2, 3 if from rear. 

The action of the firing of a three cylinder engine is this: Taking three points of 
the eirde (see page 119.) A at the top, B and C on each side below, the piston of No. 1 
cylinder is connected with a crank at A, to No. 2 cylinder at B and to No. 3 cylinder at CL 

fflee pages 122, 181, 185, for firing order of 6, 8 and 12 cylinder engines. 

♦flee 14 standard adjustment of leading cars" for firing order of different automobile engines; 

also see Dyke's working model of the 4 and 6 cylinder engine. 

**Based on exhaust interval being equal to 180 degrees travel. In actual practice it ie more-* 

See page 100. 
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. Firing Order of One, Two and Three Cylinder Engines. 

Fig. 1—Single. cylinder engine, with crankshaft set at 360°: There are four strokes of 180° on 
an four cycle engines, therefore, there would be two revolutions of 360° each, or 720° travel of crank. 
If the firing stroke started on top and traveled to within 46° of bottom when exhaust opened, there 
would be but 134° of the 720° on which the piston traveled on power. 

There is one power stroke (firing impulse), every two revolutions of the crankshaft on one cylinder, 
four cycle engines—Bee diagram fig. 1, below. 

Single cylinder engines usually have counter-weights on the crank arms or fly wheel to counter-bal¬ 
ance same. 

Fig. 2 —Two cylinder vertical engine with a 360* crankshaft: If piston of No. 1 cylinder is on 
power (P), No. 2 would be on suction (S)—see diagram below—therefore we would get an even 
firing impulse, or one during each revolution. But as both pistons are moving together, there would 
be considerable vibration, as both are on top or bottom at the same time. Counter weights are also 
used on the crankshaft of this type of engine in order to counter-balance. 

Fig. 3—Two cylinder vertical engine with a 180° crankshaft: There are two firing orders of this 
engine, both of which would cause vibration. Refer to diagram and note first one. If No. 1 is on 
power (P), No. 2, would be coming up on compression (C), and would fire next. Therefore, there 
would be two firing or power impulses during one revolution, and on the second revolution there would 
be no firing impulse at all. 

With the other order of firing; if No. 1 was on power (P), No. 2 would be coming up on exhaust (E), 
the crank would therefore travel 540°, or 1 Va revolutions with but one firing impulse. 

Fig. 4— Two cylinder engine with cylinders opposite and crankshaft set 180°: This type of engine 
gives a firing Impulse every revolution —see diagram below—it is mechanically balanced. 


J1L 


Fig. 1—One cylinder engine 
with a 360° crankshaft. 
Firing impulse every two 
revolutions — see diagram 
below. 




Fig. 2—Two cylinder ver¬ 
tical engine with a 360° 
crankshaft. 

Firing impulse every revo¬ 
lution. 
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P—means power stroke. S—suction. C—compression. E—exhaust. 
The “power stroke” is also termed the “firing impulse.” 
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Fig. 6—A three-cylinder engine crank, 
set in three positions or third of a revo¬ 
lution, or 120 degrees apart. (See text 
for explanation, page 117.) 
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Fig. 3—Two cylinder ver¬ 
tical engine with a 180° 
crankshaft. 

Two different firing orders 
—see diagram below. 


Fig. 4—Two cylinder, opposed type 
engine with 180° crankshaft. 


Firing impulse 
every revolu- 
t i o n. Me¬ 
chanically bal¬ 
anced. 


CHART NO. 52—Firing Order of One, Two and Three Cylinder Engines. 

Chart 54 on page 121. 
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No. 1 cylinder will be at full compression, No. 2 cylinder at 
two-thirds inspiration, and No. 3 cylinder one-third, exhaust 240*. 

No. 1 cylinder: The crank of this performs its half revolu¬ 
tion, bringing it to position A', midway between points B and 0. 

Whilst it is doing this, No. 2 cylinder is completing its inspira¬ 
tion stroke, and two-thirds of its compression stroke, and the 
crank is passed on to position B', leaving only one-third of a 
stroke to complete compression, and bring the crank to A, when the 
firing of B commences. 

Meanwhile C is completing its exhaust and inspiration strokes, 
and has passed through two-thirds of its compression stroke, so that 
when No. 2 cylinder has completed its impulse, No. 3 has but to be carried over the 
gap by the fly wheel, which gap represents the minus lap. 



Each of the three cylinders fire once every 720° (two revolutions), or 240* apart. 

No. 1 (A) fires and moves 240 degrees, which brings No. 2 (B) in firing position. 
No. 2 (B) fires and moves 240 degrees, which brings No. 3 (0) in firing position. No. 
3 (0) fires add moves 240 degrees, which again brings No. X (A) in firing position. 

No. 1 (A) has now made two revolutions or 720 degrees, which completes the four 
eyele evolution. 

The working stroke is 134 degrees, therefore 240 degrees less 134 degrees equals 
106 degrees, during which time no work is being done (—106° lap), that is, the fly 
wheel carries the crank 106°. 


Firing Order of a Four Cylinder Engine. 


Four cylinder engines are so arranged there is a power or firing impulse every stroke, 
or two firing impulses every revolution, one beginning as the previous one ends. 

In order to complete the four cycle evolutions of suction, compression, explosion 
and exhaust for each piston, it is necessary that each piston have four strokes. As 1 
and 4 work together and 2 and 3 work together, then four strokes; two up and two down, 
or two revolutions of the crank shaft will give the complete cycle evolution for each pis¬ 
ton, with a firing order of either 1, 2, 4, 3, or 1, 3, 4, 2. (See diagrams bottom of 
page 116.) • 

The crank shaft of a four cylinder four cycle engine is always set at 180 degrees. 
(See pages 78 and 116.) 

Note the “ throws” of a four cylinder crank shaft (see fig. 1, page 116); 1 and 4 
end cranks) are in line, and 2 and 3 (inside “ throws ' 9 or cranks), are in line—there- 
ore 2 and 3 are one-half revolution, or 180° from 1 and 4. 

The construction of the crank shaft would not permit the firing to be 1, 2, 3, 4, be¬ 
cause, when 2 was ready to go down on power stroke, 3 would have to be coming up 

on compression, but as 3 is always the same 
position as 2, then it could not be coming up, 
as it would already be up with 2. (See fig. 
1, page 116.) 

For the reason that 1 and 4 are together 
(up or down), and 2 and 3 are together (up or 
down), the firing order must be 1, 2, 4, 3, or 
1, 3, 4, 2. (See page 116.) 

A four cylinder engine could be made to fire 
1, 2, 3, 4, by having crank shaft made as per 
fig. 2, but it would vibrate excessively on ac¬ 
count of the rocking motion of firing from 
one end to the other. Therefore the firing 
order on all engines is arranged to decrease 
vibration as much as possible. The alternate 
distribution of impulse (fifing) tends to 
steady the engine, as 1, 2, 4, 3, or 1, 3, 4, 2. 


12 3 4 





Vic. 2.—Type of crank shaft which would 
permit a four cylinder engine to fire 1, 2, 8, 4, 
but ia never used. 

Type in general nse t see fig. 1, page 116. 


Cylinders are originally made to fire in proper order by the manufacturer, by setting 
the cams on the cam shaft (see fig. 2, page 116), and commutator or distributor wired 
to connect with the proper spark plugs (see charts 144 and 145). 

The order of firing depends on the ideas of the maker, and may be either, 1, 2, 4, 3, 
or 1, 3, 4, 2, on a four cylinder engine. 

The eight “V” type of cylinder engine, uses a four cylinder 180 degree crank shaft 
with two connecting rods to one crank pin. See chart 36, page 78. 

The twin six or twelve “V" type engine uses a regular six cylinder crank shaft. This 
will be treated farther on, together with firing order. Also see charts 62 to 65. 
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N.2 Exhaust Valve Dosed 
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Z* Valve Open 
When I and 4 Are i^p 
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Fig. 3: Illustration showing how the cam shaft with Its cams are driven by a silent 
chain sprocket. Also note the mark on fly wheel in line with punch mark on crank ease 
when pistons 1 and 4 %re on upper dead center which they are now, .pistons 2 and 3 are on 
lower dead center. (No. 1 is next to timing gears) at this point, the setting of valves and 
gears are determined. 

For Instance, If the exhaust must dose say at 10° past upper dead center, then the fly 
wheel is revolved in the direction of rotation 10° from upper dead center. 'Then at this 
point the exhaust valve of No. 1 cylinder should just close. This is sufficient as all other 

valves will be timed to open and close at the correct time. 

If the exhaust did not close at 10° past dead center, then it is either because ths 

clearance of the exhaust valve tappet is set too close and holds the valve open too long, 

or the cam shaft gear Is not meshed properly. (Bee pages 102 and 112.) 

The firing order of above engine can be determined by observing the position of the 
pistons and valves: Exhaust and inlet of No. 1 are closed; piston of No. 1 cylinder is 
at top of compression and will go down on power stroke. Piston of No. 2 cylinder is at 
bottom of its intake stroke and will come up on compression; inlet valve still open and 
exhaust closed. Piston of No. 3 cylinder is at bottom of its stroke and will come up on 

exhaust stroke; exhaust valve is open and intake valve is closed. Piston of No. 4 cyl¬ 

inder is at top of its stroke and will go down on suction; exhaust valve will close within 
a 10* movement of crank shaft (note exhaust cam just leaving the No. 4 exhaust valve 
tappet), and the inlet will open immediately as piston starts down. 

Now to determine the firing order: If No. 2 will come up on compression as No. 1 

piston goes down, and if the power stroke follows immediately after the compression 
stroke, then No. 2 will fire next. Therefore firing order must be 1, 2, 4, 3. The only 
other firing order it could possibly have, would be 1, 3, 4, 2—but this is impossible because 
No. 3’s exhaust valve is open and it will come up on exhaust, then after exhaust comes 
suction. No. 3 has just fired, therefore No. 1 will fire next. 

A quick way to determine firing order of a four cylinder engine: when nose of first 
and third cam (inlet or exhaust) are on opposite sides of a shaft; engine fires 1, 2, 4, S. 
When first and third cams are on the same side of shaft; firing order is 1, 3, 4, 2. 

Note —Gam shaft* operated by silent chains and sprockets turn in the same direction as the 
crank shaft and just once to the crank twice. 

Oams ln fig. 2, page 116 are made to open and close exactly on a stroke of the piston or 180* 
movement of crank, which is unusual in actual practice. 

On above engine, fig. 3, the cams are set as in actual practice, for instance, the above valvee 
open and close as follows: Exhaust closes 10 degrees after top. Inlet opens 6 degrees after top. 
Exhaust opens 50 degrees before piston is at bottom dead center. Inlet closes 40 degrees after 
bottom dead center. The bore of cylinders is 3% inches diameter and the stroke of piston is 4% inches. 

The make of above engine is the Golden Belknap and Swarts Oo.’s. model E-M 31, four cylinder 
side valve detachable head engine. Horse power is 22% at- 935 feet of piston speed per minuta 
Produces 86.9 h. p. at 2,800 r. p. m. on actual brake test and 81.9 h. p. at 2,000 r. p. m. 
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Left and right hand view of a modern type of six cylinder engine power plant. 

“Unit Power Plant,'* meaning engine, clutch, and transmission are all in one unit. 

Cylinders are cast “In block." Clutch encased with fly wheel and disc type. Valves “L" type 
enclosed. Gear control by “ball and socket" type of gear shift lever. Generator driven from pump 
shaft. Starting motor drives crank shaft. Note the spark plugs (S) are usually over the inlet valves. 
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Mote the cams on this the “L" type engine are all on one cam shaft. Cam gear meshes with 
a gear on crank shaft. Note: “upper part crank case," now known as “crank case." “Lower part 
crank case," now known as “oil pan.", 


OHABT NO. 54—Bight and Left Side View of a Modern Six Cylinder Automobile Engine. (Th 
laynee). 
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Fro. i 




Fig. 1. Note piston end crank 1 and 6 are in line with each 
other. Also 3 and 4 and 2 and 6. An end view is shown in fig. 2. 
Firing order of above is 1. 5, 3, 6. 2, 4. No. 5 has just fired. No. 3 
will fire next, then 6, 2, 4—see illustration, fig. 2, for explanation. 

Bearings on the six cylin¬ 
der crank shaft are usually 
three, as per fig. 5, below. 

Sometimes seven bearings 
are used as illustrated in 
figs. 1 and 4. 

The right and left hand 
q crank shaft, referred to on 

A to S ." c^dtr cr?^ >Xw 123 8re illu, “ r * ted 

shaft with the result that the 
engine attains a speed of 2,500 
revolutions per minute without 
detrimental vibration. 



Fig. 2. This is an end view 
of crank shaft In fig. 1 illustra¬ 
tion. Cylinders are in line with 
each other, when in cylinders. 

In this illustration they are sup¬ 
posed to be out of cylinders, 

hence not in line. 

The throws of a 6 cylinder crank 
are divided into three parts, or 
120° apart. 4 

1 and 6 are always in line 

3 and 4 are always in line 

2 and 5 are always in line 

but they may be placed to the , 

left or to the right as shown in 
figs. 4 and 5. | 

On the above; firing order could 
be 1, 5, 3, 6, 2, 4 or 1, 2, 4. 6, j 

5, 3. Assume that we are stand- ! 

ing in front of engine; No. 5 has 
just fired, No. 3 will fire next, then . 

6, 2, 4. 

Crank 



■TMtrNa. 

/ 

Fig. 4. A right hand 6 cylinder crank shaft, is determined by noting position the center throws, 
3 and 4 are to 1 and 6. If they are to the right of 1 and 6, as shown above and as illustrated in 
fig. 1, page 124, then it’would be a right hand crank (view from front). 

A right hand crank will fire 1, 5, 3, 6, 2, 4 or 1, 2, 4, 6, 5, 3. 
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Fig. 5. A left hand 6 cylinder crank shaft; note 3 and 4 throws are to the left of 1 and 6 as 
illustrated, also in fig. 2, page 124. 

Therefore it would fire, 1,4,2, 6, 3, 5 or 1, 3, 5, 6, 4, 2. 


UHART NO. 55—Crank Shafts of a Six Cylinder Engine. 
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INSTRUCTION No 11. 

SIX, EIGHT and TWELVE “V” TYPE CYLINDER ENG- 
INES. Rotary Valve and Rotary Cylinder Engines. Sleeve 
Valve Engine. Overhead Cam Shaft Engine. 

The Six Cylinder Engine. 

The variance in construction is principally m the addition of more cylin¬ 
ders and the shape of the crank shaft. 

The cylinders may be in “pairs ’ 9 or in “triplets” or “in block.” The 
usual order is in two blocks, of three to a block. Cylinders on a six cylinder 
engine are usually “L” type. 

The six cylinder engine operates on the four cycle principle, the same as 
the four cylinder; in fact the general principle is used; the crank shaft must 
turn two revolutions during the cycle or four strokes. The cam shaft turns 
one revolution. The shape of the crank shaft of a six makes it possible for 
each piston to complete the four strokes—see figs. 1 and 2, chart 55; note the 
crank shaft is divided into three pairs of “throws.” Pistons 1 and 6 are in 
line; 3 and 4 are in line and 2 and 5 are in line. A “throw” on a crank shaft 
is the part to which the big end of connecting rod connects and is really 
the “crank pin.” Each pair of these crank shaft “throws” (1 & 6 & 3 & 4 
& 2 & 5) are placed 120 degrees or 1/3 the distance of a circle apart. 

There are six power impulses or* explosions during two revolutions of 

the crank shaft, therefore the magneto armature* turns 1% revolutions to 
one of the crank shaft. When piston, say No. 1 goes down on firing stroke, 
it must make a full stroke or 180 degrees or of a revolution of the circle, it 
could not stop at 120—see chart 57 for explanation, also fig. 2, page 122. 

A degree is l/360th part of a circle. There are 360 degrees to a circle. 
This mark, ° which is nothing more than a small “0” to the side of a figure, 
represents degrees. For the crank shaft to make one revolution, it must 
make a complete circle or 360 degrees. Although each pair of “throws” of 
the crank shafts are placed 120 degrees apart, this would place one pair, say 
pistons 4 and 3 at A, another pair pistons say 5 and 2 at B, 6 and 1 at C. Each 
pair would be 1/3 the circle apart. 

There are two kinds of six cylinder crank shafts; left hand and right 
hand —see figs. 4 and 5, page 122. The cylinders usually fire on a right hand 
crank 1, 5, 3, 6, 2, 4, while on a left hand the order is usually 1, 4, 2, 6, 3, 5— 
see pages 124 and 122. 

The number of bearings for the six crank shaft may be 3, or 7. Three 
bearings is the usual number. The carburetion. A six cylinder engine us¬ 
ually requires special intake pipes and double or multiple jet type of carbure¬ 
tor to meet the demand of the multiple of cylinders and distance the car- 
buretted gas must travel. The timing of six cylinder valves is identical with 
that of the four. The process is gone through with just in the same manner. 
It is only necessary to time with the exhaust valve closing on the first cylinder 
and the “L” type, and on “T” head type, with exhaust valve closing on ex¬ 
haust side and inlet opening on inlet side. 

If the reader will turn to charts 55, 56 and 57 the explanation of the six 
cylinder engine will be made more clear. 

tSee Dyke's working model of the tlx cylinder engine. *If a timer and distributor, they turn 
one resolution to the cranks two, or same as the cam shaft. See index "ignition timing." $See foot 
note bottom of page 79. 

♦See "Specifications of Leading Oars." page 543, for cars using 6 cylinder, engines. 
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Firing Order of a 6-0yUnder 


“Bight Hand” Drank. 

Fig. 1. 

Firing order 1, 6, 8, 6, 
2, 4, (could also Are 1, 2, 
it 6, 5. 8.) 

Illustration shows aistons 
1 and 6 np. If No. Atarts 
down on “firing," No. 5 
would be coming np on 
compression, as it would 
fire next. No. 3 would be 
120* behind No. 6 and 
would fire next. No. 6 be¬ 
ing 120* behind No. 8, it 
would fire next, then No. 
2, then No. 4. 

To get the second firing 
order (1, 2, 4, 6, 5, 8.) 
Start with No. 1, then 2. 4. 
6, 5 and 8; Note. View 
from front of engine. Al¬ 
though pistons are shown 
out of line, this is neces¬ 
sary in order for the reader 
to understand the relative 
I positions, one to the other. 
When in cylinders they are 
all in line and the oonnect- 
ing rods are out of line. 

Firing Order of a 6-Cylinder 
"Left" Hand Crank. 

Fig. 2. 



PISTOH 


Firing order, 1, 4, 2, 6, 3, 

5, (could fire 1, 8. 5. 6. 4. 

2). If No. 1 starts down on firing, No. 4 would fire next, then No. 2, then 0, 3 and 5 in their re¬ 


spective order. 


To get second firing order (1, 3. 5. 6, 4. 2.) start with No. 1, then No, 3, 5, 6, 4 and 2. Note 
view is supposed to be from the front of engine. 



An end view of the Chalmers six cylinder engine ("6-30”) is shown to the right. The firing 
order of this engine is 1, 4, 2, 6, 3, 5 — see the top row in table to the left. 


This illustration is shown, in order that the reader may see just how the pistons are all in line 
when in the cylinders, instead of being out of line as shown in the exaggerated drawings, figs. 1 and 2. 


Timing Chalmers valves: Turn the fly wheel, bringing the mark "Ex. Cl." (exhaust cloaea) 
on the fly wheel, exactly in line with the centered reference mark pointer on the rear of the crank 
case. With the fly wheel mark in this position, the exhaust valve on the No. 1 cylinder ahould just 
dose. If not, adjust the exhaust cam so it is at the closing point. 


It is essential that these adjustments shall always be made with the "hock lash" or lost motion 
in the dri/ing gear entirely taken up in the same direction, that is, in the direction of the rotation 
of the engine when running. 


CHART NO. 56—Two Firing Orders of a Six Cylinder Engine Explained. 
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Pig. 1.—Relative position of Pistons on * Six Cylinder Engine. View of illustrations are in front 
of engine—hence cranks are rotating to the right. 


Note pistons most make a full stroke, up or down and crank throws must travel 180 # 
at each stroke, or % revolution just the same as a four cylinder. 

In order however, to show how and when the cylinders can fire 6 times during two 
revolntions of the crank shaft—the above illustration and the firing table in Chart 56 
is provided. 

The pistons must go from the extreme top to the bottom at each explosion or stroke. 

♦Fig. 1—If 1 and 6 pistons go down on say, firing stroke, then they would go to bot¬ 
tom “1-6 N down, M Which is a half revolution of the crank <pr one stroke or 180°. 

Then pistons 2 and 5 would be at dotted line position “2-5 N; M 3 and 4 pistons 
would be at dotted line position “3 and 4 N.“ 

Therefore we have an 11 over lapping , * of strokes—see Chart 58. 

Only two of the six cranks are on dead center at the same time. The firing point 
is at top. 

Fig. 2.—Note position of 2-5 and 3-4 after 1 and 6 have just made a half revolution 
or suction stroke down. They have both moved 180°. Also note that as 3 and 4 passed 
the top, or firing center, either 3 or 4 must have fired. 

Fig. 3.—1 and 6 have now made another stroke up, on compression, (stroke No. 2), 
or 180° more or 360* in all, or a revolution. Note 2 and 5 passed the firing ^eint during 
this stroke; therefore either 2 or 5 must have fired. 

Fig. 4.—1 and 6 have now made another stroke down on power and fired, (stroke ' 
No. 3) or 180° or 1% revolutions in all. During this stroke, 3 and 4 passed the firing 
point again and one or the other must have fired. 

Fig. 5.—1 and 6 have now made its fourth stroke, up on exhaust, or another 180° or 2 
revolutions in all. During this stroke 2 and 5 passed the top center firing point again, 
and either 2 or 5 fired. 

Note we have followed out the four strokes, during two revolutions, and during the 
four strokes, there were 6 explosions, or power impulses, as the pistons passed the top. 

A six differs from a four cylinder engine, only in the shape of crank shaft, which is 
divided into thirds instead of halves. 


*Note when 1 and 6, or either pair go down or up; only one of the pair ie on firing or compression. 
Both could not be on firing at the same time. (See Chart 56). However, in order to explain how the 
cranks travel in pairs we will not state which one of the pair is on the above mentioned stroke. 


SHART NO. 57—How the Six Cylinder Engine makes Six Impulses during Two Revolutions of 
the Crank Shaft. 


J 
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Fig. 2.—6-cylinder. 


ifci 4-cylin jtj! 

•Si d« \1‘. 


I—106*- 

iTBAvlt ONE 
i eve alone 


HG. 3'8 CYLINDERS "TYPE 

k—4L* < f—*b a * >*—44«-*> 


FIG 4- 12 CYLINDER *V‘ TYPE 


;pi$TONSTROKE^iinsTON3TRone* , tiwsTOf<sTROH£^3]wsTMi3T«OKE^4j 4 Cylinder Lap. 

— ,ao '""q£ \d >wi |W. On a 4 cylinder engine there are four 

jfc; Fig. l. j*; periods of 46° travel or 184° in all, daring 

ifti 4 -cylin • £; the four strokes that there is no power. 

l*ACTUAL\woKiN^|pm^( 2 ^^^^^:<! dtr Referring to illustration, fig. 1, note, if pis- j 

ini ton No. 1 is firing, it does not travel its full . 

!«$! ; z ; |SPiHBB|j! stroke with a crank movement of 180* on 

.* !*i i ’ » z i power, because the exhaust valve starts to 

F i g> 2 .—6-cylinder. open, say 46° before it reaches the bottom 

,. 4 «i '-Af, :io) • *m ;:♦* • of its stroke, therefore it really travels but ' 

ji ex ! j£Jj ji“; l;; 134® on its power stroke. Consequently, be- • 

jpj-i34» H , {j j !)•: •;*! !fore next piston fires there is a gap of 46*. | 

i !;*! ;; z ; :j £ ; 

I : ;g; ! :sf; \'g\ Therefore, in a four cylinder engine there i 

||S; j;°; are: 4 periods of 134° when 1 cylinder is I 

!{*; .:•! j*«; firing or working and 4 periods of 46° when 

!;©! jir; !;•! 'j no cylinder is firing or working. | 

;||i ::£• i&j The fly wheel must take the pistons I 

::2! :>i I;*! \\ i ! " | over center during the “no” working 

: o«*: J—!—jJei-'06^ j~r- .o 6*-^ --j ; strokes. , 

V”^ 0 * 1 I.:: i* ! : * ' 6 Cylinder Lap. 1 

96 - ** *» “ * 5 On the six cylinder engine; each pis- 

y ~ HG.3‘8CYL1NDER "V^TYPE ton is^ Working On I 

p® >Na *| jwopw^ jawNaej jewjpnq^ 180® except 46% 

o&s | cyl IcvaTs cyl ^WSSLm/M/X I The second cyl- 

*to6ctncti ALOM rroerrwr 1 Aior* I '• ^_ I 

13I1 ^ er t0 “ re > 8tart ® j 

•fcftgi k A ^ _ SSfti jVg&i » ' work, and works 

^ . 14° before the ex- 

■ ■; FIG 4 - 12 cylinder vtYPr haust opens or the impulse ends 

quently there is no idle space ^ 

iirtTEioen.'* !'F.dm between the firing of cylinders, I 

f\~ Fl ™T jg nctlCl but quite the .reverse, for there I 

Pi_46<. 1** 465 i«± —4*4— +»L— 46*-—1*4—'<*—is a lapping of power strokes. i 

—f—I—-—j j | i ! ] 

hi —h"-H i j i j j i . There are 6 periods of 106® , 

frazr- 1 *** * -L-t — --i i - - Lj-lj-—Lj travel when one cylinder is work¬ 
ing alone and 6 periods of 14° travel when two cylinders are working together. > 

Therefore 7-60ths of the time 2 cylinders are working together and 53-60ths of the time 
1 cylinder is working alone. 

Eight Cylinder Lap. 

The eight cylinder V type with cylinders 90° apart; when one cylinder is firing it 
travels the same as the four; 134° on power when the exhaust starts to open, say at 46* 
before bottom of its 180® stroke. 

The second cylinder starts to fire 90* after the first, and moves for 134* before its 
exhaust valve starts to open. 

Therefore there are, during the four strokes, 8 periods of 44® travel that two pistons 
are working together. 8 periods of 46* travel when one piston is working alone. There¬ 
fore 22/46 of the time two cylinders are working together and 23/46 of the time one 
cylinder is working alone. 

12 Cylinder Lap. 

The 12 cylinder V type or twin six; when one cylinder is firing it travels the same 
as those previously described; namely; 134° before the exhaust valve opens, it then con¬ 
tinues on for 46° more, till it reaches the end of its exhaust stroke. 

When the first cylinder fires, and piston has traveled only 60®, the second cylinder fires 
and joins No. 1; they then work together for a period of another 60° when the third cyl¬ 
inder fires and joins No. 1 and 2. Now No. 1 has still 14® to travel yet before its exhaust 
valve opens, so consequently the 3 work together until that occurs. 

At the 134° point No. 1 cuts out and Nos. 2 and 3 work together for a period of 46* 
when No. 4 fires and joins them and so it continues throughout the cycle. 


CHABT NO. 58—Illustrating the “Lap” of Power Strokes of a 4, 6, 8 and 12 Cylinder Bw g faa, 
the 8 and 12 being of the “V” type. Note, the above diagrams are based on the theory 
that the exhaust opens 46® before bottom. Also note that diagrams are not drawn to scale. 
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*The Eight Cylinder 

Advantage of multiple cylinder engines: 

• 4 flexibility” of control, meaning quick 
acceleration or quick pick up of the engine 
from slow to fast speed, the absence of gear 
shifting, and a more perfect control are 
the features of the six, eight * * V 9 ’ and. 
twin six engines. The more cylinders fir¬ 
ing or lapping, the more flexible the control. 

The eight cylinder engine is commonly 
known as an engine with eight cylinders 
placed consecutively in line over a crank 
shaft having eight “throws ’ 9 or crank pins. 

The simplest arrangement of eight cylin¬ 
ders would be all in line just as the six or 
the four are arranged. But this would be 
impracticable, due to the extreme length 
and also to the abnormally long crank 
shaft which would be necessary, while the 
crank case for such an engine would be very 
heavy. To get around these difficulties the 
cylinders are arranged in two sets of four 
opposite to each other at an angle of 90° 
in the form of a V. 

Crank shaft: Arranged in this way, the 
eight cylinder engine is no longer than a 
four cylinder one of equal bore. As com¬ 
pared with a six, it haB about 30 per cent 
less length, resulting in a shorter crank 
case—a weight reduction factor.. In addi¬ 
tion, its crank shaft is of the same form 
as that of a four, the throws being all in 
one plane; whereas those of a six crank 
shaft are in three planes, and is a simpler 
manufacturing job. Furthermore, the shorter 
shaft is less given to periodic vibration. The 
cam shaft is also shorter and less prone to 
whipping. 

Cylinder and connecting rod arrangement: 
Where cylinders are 4 ‘opposite,” this 
means the conecting rod lower end is at¬ 
tached together as shown on page 129, and 
termed, “yoked” together. The connect¬ 
ing rods on one cylinder in line with con¬ 
necting rod on opposite cylinder. Where 
cylinders are “staggered,” this means the 
lower end of connecting rods are not to¬ 
gether but are “side by side” on the same 
crank shaft bearing, (fig. 7, page 74). 
This naturally necessitates the cylinders on 


“V” Type Engine. 

one side, being placed a little to the side, 
or not exactly in line with opposite cylinder, 
and termed “staggered.” 

The cam shaft on the eight V engine may 
be one or two, the majority use one cam 
shaft. The Cadillac uses a cam shaft with 
eight cams operating the sixteen valves, 
whereas the Cole and King eight V engines, 
use one cam shaft with sixteen cams; one for 
each valve. 

Lap of power strokes of an eight cylinder 
“V” type engine: The explanation of the 
lap of the firing impulses is given in chart 
58. This shows that during eight periods 
of 44° travel, there are two cylinders work¬ 
ing together on power, whereas on a six, 
there are six periods of 14° travel, when 
two cylinders are working together. 

This chart also shows eight periods of 
46° travel, when only one cylinder is work¬ 
ing alone, whereas in a six there are six 
periods of 106° travel where one cylinder 
is working alone. 

There are eight power impulses or ex¬ 
plosions, during each cycle of two revolu¬ 
tions of the crank shaft. In other words 
the four strokes or two revolutions, is just 
the Bame as ( in a four, but there are eight 
power impulses or explosions during these 
two revolutions. There is a power im¬ 
pulse every quarter turn (90° movement) 
of the crank shaft, and thus there is no in¬ 
termission between them, but rather an 
“overlapping” so complete that the turn¬ 
ing effort is practically constant. 

In the six cylinder engine, there is a 
power impulse every one-third revolution 
of the crank shaft, and though there al¬ 
ways is a turning effort upon the crank 
shaft, it has more fluctuation, due te the 
longer interval between impulses. 

In the four cylinder engine, an impulse 
occurs every half revolution, and ob¬ 
viously there are periods in the cycle when 
there is no appreciable force exerted by 
any of the pistons. The fly wheel then 
is called upon to carry the shaft over these 
power lapses. 


The Cadillac Eight. 


As an example of an eight cylinder en¬ 
gine and its construction, the Cadillac make 
will be shown in the charts following. 

Although a later model Cadillac is model 
55, and 57, the model 51 and 53 will be 


shown in order that the reader may note 
the variance in construction or improve¬ 
ments. The improvements of the model 55 
are mentioned. 


*See page 543; “Specifications of Leading Cars" and “Standard Adjustment of Leading Oars" 
for cars with eight cylinder engines. 

Cadillac 1918, model 57 engine; 8 cylinder “V“ type engine is same bore and stroke as formerly; 
8*4* bore by stroke; piston displacement 314 cubic inches. Cylinder heads now detachable. 

It is no longer necessary to remove radiator to take out water strainer between radiator and water 
pump. See page 40 for Cadillac clutch and pages 130 and 730 for water thermostat and condenser. 
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**Fig. 1. Illustration allows 
the front end of the Cadillac 
eight cylinder engine. There 
are two groups of cylin¬ 
ders, each a block casting 
of four cylinders, mounted 
at 90 degrees to each other 
on an aluminum crank case. 
The cylinders are 3% inch 
bore and 5% inch stroke. 
The piston displacement is 
314 cubic inches; the horse¬ 
power rating is 31.25. In 
dynamometer tests the en¬ 
gine shows 70 horsepower st 
2400 r. p. m.. The crank 
shaft is indentical in de¬ 
sign with that used in s 
four cylinder engine, and 
the cam shaft carries the 
same number of cams as in 
a four cylinder design. This 
engine weighs approxi¬ 
mately 60 pounds less than 
the four cylinder Cadillac 
engine of fequal horsepower. 
There is but one carburetor 
used,—explained further on. 

Each of the two cylin¬ 
der castings contains four 
Ir-shaped cylinders. The in¬ 
take valves are tulip 
shape*. 

The exhaust valves are conventional poppet shape. Over each cylinder bore is a remov¬ 
able cap which gives access to the water jacket and to the combustion chamber. Between the 
teeond and third cylinder in each block the t breather pipe is brought up through the cylin- 
ler casting. In rear of the fan is the power tire pump for tire inflation.ft 



md the means whereby one cam operates the two intake valves for the opposite cylinders is 
ihown. 


Fig 3. The valve operating mechanism of the Cadillac engine, showing how one cam 
operates two opposite valves. The cam bears against the rollers in the ends of” the small ! 
inns, which are pivoted to the plate above, and which are interposed between the ends of 
he push rods and the cams, so that the lift will be straight upward instead of having a 
tide thrust component. Adjustment of valve clearance is obtained in the usual way by 
engthening the tappet. The upper part of the tappet screws into the lower and the two 
ire locked by a nut. The position of the cylinders, make the valves extremely accessible. 

‘Note: The tulip shaped inlet valve was used on some of the early model 51 cars, but not on other 
nodeU. 

fOn the type 51 and 58 the engine breathers are between the second and third cylinders on each 
ride and serve also as fillers for oil. On Type 55 breathers are on valve cover plates; and oil fillers ara 
ts in Types 51 and 58. 

ttThe air compressor is now bolted to right hand aide of transmission case and driven by a sliding 
fear in constant mesh witb gear. 


AUT NO. 50—The Eight Cylinder “V” Type (Cadillac, model 51). 

ee foot note bottom of Dare 127. 
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Note the single cam 
shaft used in eight cyl¬ 
inder Cadillac engines. 
On it are eight cams 
which operate the six¬ 
teen valves (eight inlet 
and eight exhaust 
valves).- Each cam works 
two valves through the 
rellers shown on oppo¬ 
site sides of it, (fig. 8, 
page 128.) The shaft 
is cariod on five bear¬ 
ings. 

Another make of "V** 
type engine: The Davis, 
uses two earn shaft*. This 
permits the direct opening 
of valves without the rock¬ 
er arms which arc shown in 
flg. 8 page 128, between 
earns and tappets. Also 
permits any desired timing. 

The timing of the Davis is 
as follows: 

Inlet opens IS* after top 
and closes 80* after bottom. 
Exhaust opens 46* before 
bottom and closes 6* after 
top. 

See page 132 for Cadillac 
Ignition timing. 


Crank shaft: A three-bearing crank shaft is need, with the 
throws at 180 degrees, as in a four cylinder design. (Bee flg. 
6, page 78; connecting rods are .“yoked” however.) Two con¬ 
necting rods attach to each crank pin, this being possible by 
having one connecting rod with a split or forked lower end, and 
the other a single end to fit between the forks called “yoked” 
design. 


Shewing how the two connect¬ 
ing rods are attached to one 
bearing. The outer rod fastens 
to the outer ends of the split bush¬ 
ing (J) with a two-bolt cap for 
each arm of the yoke. 

The bushing is fixed to this rod 
by pins. The other rod goes be¬ 
tween the two arms of the yoke, 
as shown by the dotted outline. 

This inner rod is free to move on 
the bushing. Therefore, the bear¬ 
ing for the yoke end rod is the 
inner surface of the bushing Lubrication of the eight cylinder Cadillac engine: The 

against the shaft, while that of pump draws the oil up from the reservoir and forces it through, 

the inner rod is the outer surface the pipe running along the inside of the crank case. Leads run 

of the bushing. from this pipe to the crank shaft main bearing and tbenoe 

through drilled holes in the shaft and webs to the rod bear 
ingi. It also is forced from the reservoir pipe up to the pressure valve which maintains a uniform 
pressure above certain speeds, and then overflows from this valve to a pipe extending parallel with and 
above the cam shaft. Leads from this latter pipe carry the oil by gravity to the cam shaft bearings 
and chains. Pistons, cylinders, etc., are lubricated by the overflow thrown from the rods. 

0HABT NO. 00—Parts of the Eight Cylinder (< V” Type Engine (Cadillac); Crank shaft, Con¬ 
necting rods, Lubrication (model 51). The models 53 and 55 are similar. See separate 
arrangement of generator and distributor on page 132. 





Shafting system in the Cadillac eight cylinder engine, showing the use 
of two silent chains, one driving the cam shaft and another driving from 
the cam shaft to the shaft driving the Delco system. The tire pump is 
driven by spar gear. There are two water pumps on the cross shaft below 
the crank, shaft, and this shaft in turn drives the gear oil pump in¬ 
dicated. 
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Fig. S. Diagram showing the general arrangement of the fuel, water and exhaust systems of the 
Cadillac chassis. There are two exhausts and two mufflers, one for each set of cylinders; while the gaso¬ 
line is fed by pressure to the carburetor which is between the two cylinder blocks. The air pressure 
pump for forcing the fuel is at the front of the engine. There are two water pumps and two sets of water 
connections to the radiator. 



Fig. 2.—‘Thermostat principles of water 
control: A housing containing a syphon 

thermostat and a valve controlled by the 
thermostat, are located on the cover of 
each water pump. 

The thermostat (A), fig. 2, is accordion 
shaped. It contains a liquid which is driven 
into gas when heated. The resulting pres¬ 
sure elongates or expands the thermostat, 
forcing the valve (B) from its seat. 

A drop In temperature changes the gas 
back to a liquid, reducing the pressure in 
the thermostat and allowing it to contract, 
thereby bringing the valve (B) back to 
its seat. 

This valve on thermostat is placed in the 
line of circulation of water, to the side of 
pump (2A). When cold, the thermostat 
valve (B) is closed thereby stopping circu¬ 
lation. When warm it expands ana opens 
valve (B) which permits pump to draw water 
from radiator. 

A hand control connected with a shaft ex¬ 
tending from cover of pump, is also provided 
from seat, which can raise this valve, iq 
order to drain radiator. 


st*ew ro 
regulate. 
THROTTLE 

I Du NO 



VWCI6HT 
ON AIR 

VA1VE ARM FLOAT CHANCER 


To adjust carburetor: 1—Open the throttle about 
2 inches on the steering wheel. Place the spark lever 
in the “driving range’ on the sector anl start the 
engine. 2—Run the engine until the water jacket oa 
the inlet pipe is hot. 

8—Move the spark lever to the extreme left on the 
sector and the throttle lever to a position which leaves 
the throttle in the carburetor slightly open. Adjust 
the air valve screw “A" to a point which produees 
the highest engine speed (see note 2). 

4—Olose the throttle (move it to the extreme left 
on the sector) and adjust the throttle stop screw "B* ( 
to a point which causes the engine to run at a speed 
of about 800 revolutions per minute. The spark lever 
should be at the extreme left on the sector when this 
adjustment is made. 


5—With the spark and throttle levers at the ex* 
treme left on the sector, adjust the air valve screw 
“A" to a point which produces the highest engine 
speed. 

Dash pot principle: The cylinder “O’* on the 
carburetor bowl contains a plunger operated by the 
throttle by means of the connecting rod “F.“ When the throttle is opened, the plunger is forced into 
the gasoline in the carburetor bowl. The plunger is drawn out of the gasoline when the throttle is 
closed. The object of this “throttle pump“ or dash pot is to force gasoline through the spraying 
nossle when the throttle is opened quickly for acceleration and to assist in starting in extremely odd 
weather. When the throttle is opened slowlv, the plunger has practically no effect on the amount of 
gasoline passing through the spraying nossle. 


On the Cadillac model 65 and 57, the 
water circulation pipe (0) is through jacket 
of inlet manifold. On the Packard this 
thermostat is placed directly at top of radia¬ 
tor (rear) and principle is the same. 

Condenser as used on Cadillac—see page 
780. 


Note 2.—Turning adjusting screws “A" or “G“ in a clockwise direction increases the proportion 
of gasoline to air in the mixture. Turning either in a counter clockwise direction decreases the pro¬ 
portion qf gasoline to air. 


IHABT NO. 01—Cadillac Carburetion. Thermostat. (Model 51, 63 and 65 cars.) 

See pages 187 and 188. 
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■ ? . -j I rLV w * gEL I Fig. 1: Distributor 

JL 1_ connections on the 

kd ^ a®—-SL M arr 

)^\ /^\ tem. The cables lead 

MIS) Q (3/ vi/ £^n \ J -* from connections on 

^~ y^'jy 5 distributor to the cyl- 

/gN {/U inders in the order 

^r- -V_^/ /^N I, ✓"■— n. which they fire. Note 

^ v!L/ ". Lj 7 the brush “B” makes 

( I j v / - contact consecutively, 

front ^ - -. but cables from the 

ortfiGMiE / — :=—s/|j_j | distributor are con- 

:____ r, : .—1 nected to the plugs in 

_ ___ front or engine their respective firing 

»* 1: Distributor connections. Fig. 2: Firing order. order. 

Fig. 2: Firing order of Cadillac Model 53 and 55. Cylinder marked (IL) fires first, 
then 2R, 3L, 1R, 4L, 3R, 2L, 4R. Or follow out the black figures on the side of cylinders 
which show consecutively how cylinders fire. 


RIGHT BLOCK U 

_FRONT OF ENGINE. 


l^rr BLOCK 



Fig. 6, 7 & 8; Cadillac —Delco distributor 
and Timer —movement shown in degrees. 
There is an impulse or firing spark at every 
90° movement of crank shaft, which is % 
of a stroke of piston, or % of a revolution 
of crank. 

When crank travels 90% the timer or dis- 
tributor brush (B), being run at cam shaft 
speed, then moves 45°. 

When crank makes two revolutions or 720* 
the timer and distributor brush (B) moves 
860* or one revolution. (See Delco system 
for explanation of the ignition system used 
on this engine.) 

Therefore there are 8 sparks to two revolu¬ 
tions of crank. 


Fig. 10: Relative movement of pistons: 
By observing piston No. 1, which is now ready 
to start down on its power stroke or just 
commencing its working stroke, it can be 
seen just what is taking place in all the 
other cylinders, by referring to the following: 


IL —Starting to fire. 
3L—Starting to com¬ 
press. 

4L—Starting suction. 
2L—Starting to ex¬ 
haust. 


2R —Compressing. 
1R —Suction. 

8R —Exhaust. 

4R—Working. 


Two pistons on the right (when facing en¬ 
gine), are all the way up and two all the 
way down, while all four on the left are 
midway. 


CHART NO. 02—Cadillac Eight Cylinder V Type Engine. Firing Order and Relative Move¬ 
ment of Pistons, also the Distributor to Crank Shaft. (Model 53 and 55 car.) 

•Bee foot note on page 134 explaining which it the right side of an automobile or engine. 
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DYKE’S INSTRUCTION NUMBER ELEVEN, 




Fiail-TIMER 


The object for using two con¬ 
tact points on the timer is to 
distribute over two sets of 
points the current which would 
otherwise pass through one. 
This greatly lessens wear and 
burning of the points. Inter¬ 
rupter is the closed circuit type. 

the cylinder blocks, and crank the 
1 cylinder is the one nearest the 


Cadillac Ignition System. 

The distributor and timer (fig. 10) an? carried on ihe fan shaft 
housing, and arc driven through n sei of Epinil gears attached to the 
fan shaft. The distributor consists of a cap or head of insulating ma¬ 
terial, carrying one contact in the center with eight additional contacts 
placed at erjual distances about the center and a rotor which maintains 
constant communication with the center contact. 

The rotor cni-rii^ a contact button which serves to close the secondary 
circuit to the spark plug in the proper cylinder. 

Beneath the distributor head and rotor is the timer. The timer c«m 
is provided with a lock screw m the center of the shaft. {See fig. ILJ 
A manual spark control is provided in addition to the automatic spark 
control. The manual spark control is for the purpose of securing the 
proper ignition control for variable conditions, such as starting, dif¬ 
ferences. an gasoline, weather conditions and amount of carbon in the 
engine. The automatic control is for the purpose of securing the proper 
ignition control necessary for the variation due to engine speed alone. 

The timer contact points are set as follows: Turn the engine over 
until the contact arms “D“ & “0“ are directly on top of lobee ef the 
cam 4 ‘B.“ Then adjust the contact points at ,4 E“ and “F“ so that 
they stand twenty-thousandths of ftn inch apart. Both sets of ocmtaet 
points should be adjusted alike. 

To time the ignition proceed as follows: .Move the spark lever to 
the extreme left on the sector; open the compression release cooks SB 
engine by hand until the piston in No. 1 cylinder is on firing center. (He. 
radiator in the left hand block of cylinders.) 


CO<N J 'wa_ 


QlSTftigUTOff 






L,eCNDE''l3cfl 


FIG 9 -SIDE VIEW NOTE 
SCPESATf LOCATION OF nCVOR' 
&LN.Eff DkTn^E JTQfi 1 


Fig. ID. DlSTfliflUTC** *110 Tit*» 


•Next remove the distributor cover; also the rotor, and loosen the lock screw A just enough to allow the 
cam “B“ to be turned by hand after the rotor is fitted. (The lock screw should not be loosened enough to 
allow the cam to turn on the shaft when the engine is cranked by hand.) 

Then replace the rotor and turn it by hand until the distributor brush in the rotor is directly under 
the terminal marked No. 1 on the distributor cover. Replace the distributor cover, and nfove the epark lever 
to the extreme right on the sector. 


Then switch on ignition; hold the high tension wire to the spark plug in No. 1 cylinder about one* 
eighth of an inch away from the cylinder casting and turn the engine slowly by hand in the direction ia 
which it runs. Stop turning immediately a spark occurs between the wire and the casting. (It will be 
necessary to turn the engine nearly two complete revolutions before the spark occurs.) 

If the cam “B“ is properly set a spark will occur when a point on the fly wheel one and twenty-one 
thirty seconds of an inch in advance of the center line for No. 1 cylinder is directly under the pointer or 
“trammer' attached to the crank case of the engine. This point for each cylinder is marked on the fly 
wheel by the letter “IG/A.” 

If the spark occurs before this, rotate the cam “B“ slightly in a* counter clockwise direction to ourreet 
the adjustment. If a spark occurs later than this, rotate the cain slightly in a clockwise direction. 


After the adjustment has been properly made, lock the cam securely to the distributor shaft by the 
lock screw “A.” 

After locking the adjustment it is a good plan to check the timing by fully retarding the spark lover; 
in other words moving it to the extreme left on the sector, holding the high tension wire to the spark plug 
in No. 1 cylinder abont one-eighth of an inch away from the cylinder casting, and again turning the en¬ 
gine slowly by hand in the direction in which it runs, stopping immediately a spark occurs. 


If the ignition is properly set the spark will occur under these conditions when the center line eu 
the fly wheel for No. 1 cylinder is directly under the pointer attached to the crank case, or has passed tbs 
pointer. 

' Caution: Do not set the ignition so that the spark occurs before center with the spark lever at the 

extreme left on the sector. 


Resistance unit and Ignition coil are explained on pages 378 and 246. 


OHABT NO. 62A—Ignition System of Type 53, 55 Cadillac—see page 396 for wiring diagraa 
which is also wiring diagram of type 67 Cadillac. 

•See page 378—adjusting Delco timer. See page 729, fig. 7, “test-light” for ignition timing. 

Chart 63 omitted—error in numbering. 
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To start the en¬ 
gine; Be sure that 
the transmission coiv 
frol lever is in 
"neutral*' position 
and that the hand 
brake la set. 


-au-aCR' 

TL 


BUTTON 


WIRING DIAGRAM FOR OPEN CAR5 


Wiring: The Cadillac-Deleo system 
used on Cadillac is the "single-wire/' 
tingle unit system—the frame of the 
ear being used to carry the return 

Current. 

One aide of the generator, motor, 
storage battery, lamps, horn 
and Ignition apparatus is 
connected ( “grounded") to 
tome part of the frame Of 
the car or engine. The 
Other connections arc made 
with copper wires or rabies. 

See in struct ion EBB, page 
381 for further explanation. 


TL — la wire 
to tail light 

i not shown), 
t li 4 volt, 
two candle 
power. 


Note the pressure of air in the gasoline tank. (This is indicated by the “air pressure guage" on 
the dash.) If the pressure is less than one pound, it should be increased to that pressure by . means of 
the "hand sir pump." After the engine is started the pressure is automatically maintained. 

Place the spark lever in the "driving range" on the sector and the throttle lever about two inches 
from the extreme left (see note). Move the ignition switch lever down, thereby switching on ignition. 
Then push down on the starting button. This will bring the starter into operation and will cause the 
engine to "turn over." 

In cool weather (also in warm weather, if the engine has been standing for some time), pull up the 
"auxiliary air valve lever" before you press the starting button. 

As soon as the engine fires and commences to run under its own power, which should be in a few 
seconds, remove your foot from the starting button. 

If the "auxiliary air valve lever" is pulled up when starting the engine, it should be "pushed down 
about one-half the way" Immediately the engine la started, and all the way down as soon as the engine is 
warm enough to permit doing so. Note.-—if you crank the engine by hand, place the spark lever at the 
extreme left on the sector. 

In extremely cold weather, if the engine is not started in 15 or 20 seconds, remove your foot from 
the starting button. This will stop the cranking operation. Now open and dose the throttle once or twice 
with the hand throttle or the foot accelerator. Do not open and close the throttle more than twice. 

The action which causes the en¬ 
gine to "turn over" is produced 
by a gear of the electric motor 
sliding into mosh with teeth on 
the fly wheel; similar to the 
meshing of the gear teeth in 
the transmission. When push* 
ing down on the starting but¬ 
ton to throw these gears into 
mesh, if it should happen that 
they are in just such positions 
that the ends of the teeth of 
the starting gear come against 
the ends of the teeth on the fly 
wheel instead of the teeth of 
one sliding between the teeth of 
the other, do not force them. 
Simply remove your foot from 
the starting button and again 
push down on the button. In 
the meantime the gears will 
probably have changed their re¬ 
lative positions sufficiently to 
allow the teeth to mesh. Do 
not press the starting button 
while the engine Is running. 



Cadillac Model 53 control system. Note movement of gear shift 
lever for speed changes. 


PH ART NO. 64—Cadillac Control Bystem and Wiring Diagram—Model 53, 55 Eight Cylinder On 

(See instructions No. 19 and 28A for Delco ignition system.) 

fChart 63 omitted; error in numbering.) t i 
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DYKE’S INSTRUCTION NUMBER ELEVEN. 


The Twelve Cylinder V Type or “Twin Six” Engine. 


The twelve cylinder engine is referred 
to in this instruction, as either a * 1 twelve 
cylinder ” or a n twin six. * 9 Manufacturers 
use both terms. Literally, a twelve cylin- 
der engine would mean a type of engine 
having twelve cylinders placed in line on 
a crank shaft having twelve throws. 

The “twin six*’ or twelve cylinder V en¬ 
gine term, if we would be exact, consists of 
two sets of six cylinders placed at an angle 
of 60° over a regular six cylinder crank 
shaft with six “throws” of the crank. 


The “twin six” engine offers more even¬ 
ly divided impulses than the eight. Two 
cylinders are working together at all times 
and part of the time three are working 
together. 

Firing order: The crank shaft of a twin 
six is of the type shown on page 122. The 
crank may be a right hand crank or a left 
hand, as explained. The firing order would 
be the same, that is, if you were to con¬ 
sider each block of cylinders on a twin six, 
as a separate six cylinder engine. 


Therefore, if the reader thoroughly under¬ 
stands the six cylinder engine, then it will 
not be a difficult matter to understand the 
twelve cylinder V type. 



Note the evolution of 
raising cylinders from 
180* to 60*. Fig. 5 rep¬ 
resents the old style 
two cylinder opposed 
type of engine with cyl¬ 
inders 180* apart. Fir¬ 
ing impulse 360°. 

Fig. 6 represents the 
eight cylinder engine 
with cylinders placed 
90* apart. Firing im¬ 
pulse 90*. 

Fig. 7 represents the 
twelve cylinder engine 
with cylinders placed 
60° apart. Firing im¬ 
pulse every 60 r of 
crank movement. 


Before proceeding 
with the explanation 
of the 11 twin six , 9 9 
refer to the illustra¬ 
tion, and note the 
different angles in 
which cylinders are 
placed. 

Construction: As 

previously stated, by 
placing six more cyl¬ 
inders on a six cylin¬ 
der crank case and 
placing them 1 * V ” 
type at an angle of 
00°. The same crank 
shaft and practically 
the same crank case 
can be utilized with- 
o u t materially in¬ 
creasing the size or 
weight of engine. The 
extra addition being 
another set of cylin¬ 
ders and connecting 
rods. 

On the eight cyl¬ 
inder “V” type, cyl¬ 
inders are set at an 
angle of 90° or % the 
distance of firing of 
the four cylinders. In 
other words a four 
fires every 180* 
and by setting cylin¬ 
ders 90® we get an 
impulse every 90®. 

A six cylinder en¬ 
gine fires every 120°, 
therefore on a twelve 


cylinder we would place cylinders at an 
angle of % of 120® which would be 60® in¬ 
stead of 90® and therefore get a firing im¬ 
pulse at every 60° movement of the crank 
shaft. 


For instance, refer to illustration fig. 8, 
page 135, refer to the block of cylinders to 
the left, when facing engine, we will desig¬ 
nate these as *right hand cylinders and will 
number them IB, 2R, 3B, 4R, 5B, 6B and 
all on the other side we will designate as 
left hand cylinders and will number them 
1L, 2L, 3L, 4L, 6L, 6L. 

The figures outside of the circles, indicate 
the order in which the cylinders fire on the 
Packard twin six. IB fires first then 6L, 
then 4R, 3L, 2B, 5L, 6B, 1L, 3R, 4L, 5B, 2L. 

Laps of power strokes: If No. IB fires, 
and crank pin moves 60®, then 6L fires and 
moves 60° with IB, then 4B fires and moves 
14* with IB and 6L, at which time IB ex¬ 
haust valve opens. Therefore, making a 
period of 14 degrees, during which time 
3 cylinders are working together. 

Then 6L and 4B work together for a * 
period of 40 degrees, after which time, 3L 
fires and works with 0L and 4B for a period 
of 14 degrees. 

So that with every 60° movement of 
crank shaft there is a period of 14 degrees, 
during which time 3 cylinders work together, 
or in one complete revolution of crank, or 
300® movement, there will be 0 periods of 
14 degrees when 3 cylinders work together, 
and 0 periods of 40® alternating with these, 
when 2 cylinders work together. 

The cylinders on the Packard are stag¬ 
gered, see fig. 8, note left cylinders set 
ahead of the right. This is in order that 
the connecting rods can be placed “side by 
side” on the crank pin instead of being 
“yoked,” see fig. 5, page 78 and fig. 10, 
page 129. 

The cam shaft: On the Packard, one cam 
shaft with a separate cam for each valve is 
used. On the National, 2 cam shafts are 
used. 

The ignition: see Packard supplement and 
page 135. 


*The right side of an engine or automobile is the right side, when seated in the car, that is why 
we number the cylinders “right” and “left,” although it is the reverse when facing the front of 
engine. See “Specifications of Leading Oars” and “Standard Adjustment of Leading Oars'* for 
cars using twelve cylinder engines. 




TWELVE CYLINDER ENGINE. 
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Twelve Cylinder 
Fixing order: If we 
considered each side as a 
separate six cylinder en¬ 
gine, the firing order 
would be 1, 4, 2, 6, 3, 5. 

Note the crank shaft; the 
throws 1 and 6, 2 and 6, 
3 and 4 are in line. This 
would be a left hand crank 
shaft, see fig. 2, page 124. 

Supposing the firing order was 1, 4, 2, 6, 3, 6, and each bloc separate, the right bloc, start¬ 
ing from front, would fire, IB, 4B, 2B, OB, 8B, 5B. Now start at rear of left bloc, 61% 
81% 51% 11% 41% 2L. If the cylinders were numbered from the rear, on the left bloc, as 
1L, 2L, 3L, etc.; the firing order would be 1L, 4L, 2L, 6L, 3L, 5L; same as the right bloc, 
but from rear to front. 

In order to see just when three cylinders are working together, refer to fig. 12 and 13. 
Suppose cylinder IB fires; 2L will have fired just previous, therefore IB and 2L firing 
strokes will run together or “lap,” as it is called, for a period of 46 degrees, for this period, 
note 2 cylinders are working together. Then cylinder 6L will start on its power stroke 
and will “lap” with 2L and IB for a period of 14 degrees (3 cylinders working together 
during this 14 degree period of travel of crank pin), at which time 2L cuts out. 

The relation of the movements of the distributor and timer to the crank shaft: The 
timer and distributor revolve one-half the speed of the crank shaft, or the same speed as 
the cam shaft. The Packard “twin six” employs two timers and distributors, operated 
at the same speed as the cam shaft. There is a separate timer and distributor for each 
bloc of cylinders. See fig. 10 above, which is an exaggerated illustration in order to simplify 
the meaning. 

Now suppose the crank shaft moved 60* (see fig. 12 and 13). During that period of 
travel we would have had two cylinders on power for a period of 46* and 3 cylinders on 
power for a period of 14*. 

The distributor on each bloc would, each, have moved cam shaft speed (% that of 
crank), or % of 60* or 30 degrees. We must, however, have had 2 explosions, but 3 cylin¬ 
ders on power, during this period; 2L fired just before IB, therefore when piston IB 
reached top of its stroke and fired, we had then traveled 30 degrees (this means 30* timer 
and distributor movement or 60° crank pin movement) on the power stroke of 2L. There¬ 
fore 2L continues on its power stroke with IB, 30*; when 6L fires and the three continue to 
work together for a period of 7° more (timer movement, or 14* crank pin movement), (see 
fig. 13). when 2L exhaust valve opens and cuts out 2L, leaving 2 cylinders working to¬ 
gether for a period of 46° when the next cylinder fires, etc. 

Fig. 0: “Throws” of crank shaft are 120* apart, note crank pin “throws” 1 and 6, 
3 and 4, 2 and 6 are in line. Crank revolving to the right, note cylinder IB is on top and 
would fire, then 6L, both being in line, then 4B, then 3L, 2B, 6L, 6B, 1L, 3B, 4L, 6B, 2L. 

When No. 1 and 6 right connecting rods move 60°, then 1 and 6L connecting rods will 
also move 60°, at which point they will be on dead center. 

Fig. 11. End sectional view of the Packard twin six; cylinder IB is 60° down on power, 
6L is on dead center—see page 136 for relative position of pistons. 


CHABT NO. 65—Twin Six Firing Order. Belablon of the Speed of Crank Shaft to Distributor. 

Note word “bloc,” used above, is term formerly used, should be block. See also pages 918, 920. 
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Twelve Cylinder Piston 
Positions. 

Fig. 6 illustrates the relative 
position of pistons and what is 
taking place in each cylinder when 
cylinder IB is just starting its 
power stroke. 

Just consider each block of cyl¬ 
inders a separate six cylinder en¬ 
gine and it will be easy to under¬ 
stand the twin six. 

The crank pins are 120° apart, 
whereas the firing impulses are 
60° apart. 

Note the order in which the cyl¬ 
inders fire is designated by the 
numbers outside of the cylinders, 
in heavy type. 

Note position of pistons when 
No. IB is just ready to go down 
on power. 


Engines with Overhead Valves and Cam Shaft. 

The cam shaft on this type is placed overhead and operated usually, by a vertical 
shaft driven from crank-shaft. See page 137. 

The aeroplane engine uses this principle extensively as will be noted by referring to 
pages 911 to 916. On page 916, note there are two inlet and two exhaust valves to 
each cylinder. 

The “Sleeve Valve” Type of Engine. 


The sleeve valve engine differs from any 
other four cycle engine, only in its method 
of admitting and exhausting the gas. 

The sleeves: Instead of raising and low¬ 
ering poppet valves, to admit and expel 
the gas there are two sleeves with ports 
or slots in them; at certain times, these 
slots on the same side of cylinder come 
in line as shown in figs. 2 and 6, chart 
69. These sleeves take the place of valves. 

The openings occur at the proper time, in 
a similar manner as any other valves are 
opened and closed—that is, the exhaust 
opens once during the four strokes and the 
inlet opens once during the four strokes of 
the piston. The sleeves of course sliding 
up and down cause this opening and closing. 

Eccentric shaft: The sleeves are caused 
to slide up and down by an eccentric shaft 
(takes the place of a cam shaft), which has 
eccentrics raising and lowering small con¬ 
necting rods OS & IS, see figs. 1 and 2. 
This eccentric shaft is driven by a chain 
from a sprocket on the crank shaft of en¬ 
gine. It is driven the same speed as any 
ether cam shaft, ie., one-half the speed of 
engine crank. The eccentric pin operating 
the inner sleeve is given a certain lead or 
advance over that operating the outer sleeve. 


This lead, together with the rotation of 
the eccentric shaft at half the crank shaft 
speed, produces the valve action illustrated 
in chart 69, which shows the relative posi¬ 
tion of the piston, sleeves and cylinder ports 
at various points in the rotation of the 
crank shaft. 

Valve timing: The timing shown is not 
different from that ordinarily used in pop¬ 
pet valve engines, but the valve area is 
greater than that of an ordinary poppet 
valve. The equivalent of increased valve 
area is gained, also, by the directness of 
the valve opening and the absence of re¬ 
strictions in tbe gas passages. 

Valve timing of the Stearns-Knight fonr 
cylinder—see chart 69. Valve timing of 
the Stearns-Knight six cylinder; the same 
except inlet opens 4 degrees instead of 8 
degrees, and exhaust closes on top dead 
center instead of 4 degrees after. 

Setting Ignition: Set cylinder No. 1 
piston on top of compression. Retard con¬ 
tact breaker box on Bosch magneto. Set 
points on interrupter just breaking. There 
is a mark on fly wheel which, when lined 
up with mark on cylinder, will show when 
1 and 6 or 1 and 4 are up. Firng order 
on six is 1, 6, 3, 6, 2, 4 and 1, 3, 4, 2 on 
the four. 


The “Rotary Valve” Engine. 

Is divided into two classes; the “single” chart 70 for description of the “single” 

and the “double.” See figs. 6, 9 and 10, rotary valve. 


The “Rotary Cylinder” Engine. 


In the ordinary motor car engine the cyl¬ 
inders are bolted to a crank case and the 
crank shaft is made to turn around by the 
force of the explosions in the cylinders. In 


the rotary “cylinder” engine the crank 
shaft is stationary, and the cylinders re¬ 
volve (used mostly for driving aeroplanes). 
See chart 70. 




OVER- HEAD CAMS AND VALVES. 


13 



Fig. 2: Overhead valvee operated 
by an overhead cam shaft; the Weid- 
ley principle. 



Fig. 7: Note on the cam shaft there are twelve cams 
operating the twelve valves.. 



Valves: In the types of engine previously described the valves were either all on one side or oppo¬ 
site. er overhead, bat operated by a plunger or tappet or by an overhead rocker arm. In this type the 
cam shaft fts placed overhead as per fig. 7, with the cams integral. There are two overhead valvee for 
each cylinder—see figs. 8 and 4, therefore twelve cams, one for each valve. 

Cam shaft is operated by a gear G1 on the crank shaft, which operates a gear G2. fig. 2, which is 
called the lower timing gear; this gear is placed at the lower end of a vertical shaft (8) with an upper 
timing gear (G3), which operates the cam shaft gear (G4). By referring to fig. 2. it will be seen how 
the cam 0 operates the tappet arm (F), whioh in turn opens the valve against the tension of the 
spring (S). 

While the construction varies, the principle, it will be noticed, is just the same as any other engine. 
The cam shaft turns one revolution to two of the crank shaft. 

The cam shaft mounted on the cylinder head, has four bearings and are 1 8/16 inch in diameter. 
Hie end bearings are 144 by 1% in. long, and the middle ones, which are on either side of the driving 
gear are 1% by 1% inch long. A hole % inch diameter is drilled through the cam shaft for its entire 
length, and carries oil to the cams and bearings. 

Cylinder head—in this type engine the cylinder head is detachable from the cylinder, and the cyl¬ 
inders are all in one block, therefore to grind the valves or to get to the valves, the cover is removed, 
then the cylinder head. Fig. 4, shows the cylinder head removed and fig. 8, shows the cylinder head 
turned up side down, exposing to view the valves seated in the cylinder head casting. 

To grind valves: First, remove head. If a single valve is to be ground the valve spring may be 
eempres8ed and pin holding spring removed, when valve can be dropped out and the seat ground, or the 
cam shaft may be removed, which is easily done. Springs and pins removed and the cylinder head turned 
over on a bench, as in fl*. 8, and valves ground as any other valves. See index for method of valve 
grinding. 

To set the valves: The inlet opens 10° past top and fly wheel is marked “10." Exhaust closes at 
10* after top. Therefore, set the cam shaft with piston No. 1, 10* past top center; cam just leaving ex¬ 
haust valve (see 0, which would be a little further in direction of rotation, as it now has valve open). 
The gears are then meshed at this point. The timing of both inlet and exhaust is done by one cam 
shaft, same as on an “L“ type cylinder. 


OHABT NO. 60—The Overhead Valve Operated by an Overhead Cam Shaft—Weidley six cylinde 
as an example. Note cylinder head is detachable with valves in the head. 

Note—Due to error, chart 67, has been omitted sod chart 70 follows this Charts 68 and 69 follow chart 70. 
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Botary “Cylinders." 


The cylindrical piece of metal (fly. 8) takas 
the place of the poppet valve and the spring 
and all the other poppet mechanism. It via 
be noticed that there are ,lonf hole* in the 
shape of slots, 8, in this rod* 

These Boles are Called the Torts. The v* 
tary-velve motor used in the Speedwell oar has 
two of these pieces of metal, one for the intake 
and the other for the exhaust. 

In ♦he Poppet Motor of Four Cylinder* there 
are f .r intake Valves and four exhaust Tihn 
In the rotary-valve motor, instead of having the 
eight there are two long rods each with Isar 
holes out out. In other words, the holes in the 
rods are valves themselves. 

At (2>) Fig. 8, is shown a valve for three 
cylinders. G is a coupling connecting the tvs 
parts. 

These Valves, as stated before. flt snugly in¬ 
to openings in the side of the cylinder, aa shews 
in the illustrations at top of page and fig. T. 

The One Marked (I) Sg- 7, may be called the 
intake and the other marked B the arhand 
valve. 

These Bods Have Gears at Tholr Bad* sal 
these gears are operated by a chain tren 
another gear on the crank shaft. 

This Me%ns that the valves turn around whm 
the motor is running. As the valve turn* are as ! 
the slots at some tune or other are in line with 
the combustion chamber and at the same tta 
with the intake or exhaust pipe, as the east 
may be. Now, as soon as the slot is in Una, ss 
shown on the exhaust side of the iltnstntlss 
at B, the gas rushed through the slot and est 
through the exhaust pipe. If the intake ski 
at that cylinder is in line then gas will rest 
into the cylinder just as it rushes past an or¬ 
dinary poppet valve. 

Fig. 7. S and top Illustrations shew tbs 
“double'* rotary valve. 

Figures 6, 8 and 10 show the “ single* * re- 
tary valve. 

BOTABY “OYUNDEB" ENGINE. 

In the Botary-cyhnder Engine the creak shaft 
is held stationary and the cylinders are mounts! 
on a cylindrical crank ease whiofai can revetn. 

The Bods are Fastened to the Crank Shaft 
Pin by means of a bracket and bearing, at 
shown in Fig. 1. 

When an Explosion Occurs in such sb ongfan 
the energy can do nothing else but force 
piston down. This action turns the ni 
holder on the crank abaft, which causes tbs 
rode, pistons and hence the cylinder to in¬ 
volve at a nnit. 

The Pistons and Connecting Bods Turn, but 
since the rode are mounted on a crank and tbs 
crank is stationary, the pistons will take differ¬ 
ent positions in the oylinderc owing to the loca¬ 
tion of the rode on the crank pin. By refer 
ring to Fig. 2, which show* a section of the 
Gnome seven cylinder rotary motor and tbs 
pistons with rods mounted, this will be dear. 
When an explosion occurs the cylinders and refs 
A. B, 0., etc., all turn. 

In the Movement of the Cylinder A fhs 
X to Y the piston in the cylinder will trsvri 
downward, as shown in the illustration 

By tht Time Cylinder A Beaches the Fac¬ 
tion Now Occupied by Cylinder B the pistes 
will be almost at the bottom of its stroke. 

In Other Words, it is really the cylindrical 
rod holder ehown in Fig. 1, which determines 
the position of the pistons and this is so bo 
cause the holder assumes different positions at 
the crank. 


HART NO. 70*—The Difference Between the Rotary ‘‘Valve”, and the Rotary "Cylinder*’ 
Engine. 

iart 67 omitted; error in numbering.) See page 910 fer Gnome rotary cylinder engine. 








































































SLEEVE VALVE ENGINE. 
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HffT 

priming 

OILING flWOvtS 

IN 

PORT OPCNINO IN CTLINO^R 


LOWIR PART OF CRANK, f 
CASK CONTAINING OIL ( 

Rump strainer » piping 1 


\ WATER JACkCTEO 
CYLINDER HEAD 


BEARING FDR ECCENTRIC 
SHAFT 

RDO 

ECCENTRIC SHAFT 

ecce^thic SRRocicrrfes). 

' SILENT CHAIN DRIVE 
FOR ECCENTRIC SHAFT 
SILENT CHAIN DRIVING 
SPROCKET FOR 
ELECTRIC GENERATOR 


SILENT CHAIN DRIVE 
FOR MAGNETO SHAFT 

CfiltiH SHAM srKOCK£T(Cj 

CLUTCH 


CRANK SHAFT BEARING 
J r. Jtr USED) 


CONNECTING Rt>D OPERATING 
(OS) OUTER SLEEVE 


OIL TROUGH ADJUST- ^ 
I NO LEVER CON- / 
NECTEO TO THROTTLE ' 


no. 2 



CYLINDER HE AO 


PORT OPENINGS IN SLEEVES 
PORT OPENING IN C T UNDER 


CONNECTING ROD 
t OPERATING OUTEJt SLEEVR 


CONNECTING ROD 
OPERATING INNER SLEEVS 


ECCENTRIC SHAFT 


CRANK SHAFT 


Tht main principle of tl 
engine (made under Knight 
patent) is the substitution 
sliding valves for. the uso 
poppet or tappet valves. T 
sliding valves consist of U 
concentric shells 
cast iron accurately turnc 
working in between t 
driving piston and the cj 
inder walls. These she! 
have two series of large ar 
porta or slots cut in the u 
per ends, which register i 
gether at the required i 
stant in the respecti 
strokes of the piston. O 
pair of slots form the inlc 
and the other pair the e 
hansts. 


The sliding shells 
each cylinder, whi 
have a relatively she 
stroke, about 1 inc 
are driven by ti 
short connecting ro 
or side arms worki 
off a lay cranksha 
the cranks having 
very small thro 
which takes the pis 
of the camshaft in t 
tappet valve form 
engine. 


This valve-operati 
shaft rotates at hi 
the speed of ma 
crankshaft. The si 
ing shells extend rig 
up into the deep coi 
^lisped combustion head, which is a < 
tarhable unit. This head is of a spec 
design insomuch that it is provided wi 
u set of piston rings, three narrow a 
ont- doable, the latter being specially wi 
ii nd termed the compression ring. The 
ringa prevent any escape of pressure 
an upward direction, whilst the usual s 
of three rings on the working piston mai 
lain pressure tightness in the lower • 
rectlon. 

(Seo next page for further detail.) 


CYLINDER 
connecting ROD 


OUTER 5LEEw¥ 
INNER El 


ADJUSTABLE f 
O'L TROUGHS I 


F/6J. 


CHART HO. 68—The Knight Sleeve Valve Type of Engine, used on Steams-Knlght Oar. (. 
aee index.) 

(Chart 71 on pfge 141.) 
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ART NO. 69—Steams-Knight Sleeve Valve Engine. 





















































































Ford Single Unit Power Plant Model <<T” Engine. 


Constating of Engine, Tran ami Baton with Clutch and Magneto—all in one nnit. By re¬ 
ferring to pages 784, 777, 783 and 775, the description of parta designated can be found. 



Above illustration gives a good view of the relation of the Ford crankshaft and small timing gear 
which drives the camshaft through the large timing gear, also the camshaft, cams and valves. As the 
large timing gear is twice the size of the small driving gear the camshaft will, of course, revolve one-half 

the speed of crank shaft. 

The firing order Is 1, 2, 4, 3. No. 1 cylinder is next to the gears, or front of engine. No. 2 piston 

is going down {see arrow point) on explosion stroke. Note the nose of cam does not raise either 

nf the valves, therefore intake and exhaust valves are closed; No. 4 piston is almost at top of 
its compression stroke and will be the next cylinder to fire and piston will then go down on ex¬ 
plosion. stroke. Note both valves are closetk No. 3 piston Is going down on intake stroke, drawing 
iu & charge of gas, as inlet valve is open, but exhaust valve is closed. Piston of No. 3 will go up 

on compression stroke at which time inlet valve will be closed and will fire after No. 4; No. 1 has 

almost completed its exhaust stroke. Exhaust valve is open. Intake valve is closed. Immediately 
that exhaust valve closes, which is exactly on top, then the inlet valve will open and it will go down 
on intake stroke next, then compression stroke up, then explosion stroke, therefore No. 1 will fire after 
No* 3. See also page 784 and 785. 































♦Indian Twin-Opposed-Oyl. Motorcycle Engine. 



Franklin Engine. 

Six cylinder, 3*4x4 inches. Piston dis¬ 
placement 199 cubic inches. H. P. as per 8. 
A. E. is 25.3, at maximum 31. About 1700 
r. p. m. is maximum speed. The gear ratio of 
car on high gear is 3.9 to 1, wheel being 32 
inches, which means 1,950 revolutions of en¬ 
gine per mile. Weight of car under 2300 lbs. 
Maximum speed of car 50 m. p. h. or over. 

Overhead valve mechanism is used. At¬ 
water Kent ignition. Carburetor of Franklin 
design. 

Pistons —See that the normal working tem¬ 
perature in the Franklin engine is distinctly 
high, the makers were not very ready to be¬ 
lieve in the aluminum piston, but they have 
now adopted it as stock practice and con¬ 
sider that the better mean effective pressure 
of the new engine is largely due to the im¬ 
proved piston cooling obtained. At first there 
was a little trouble from wear on the skirt; it 
was difficult to get a close enough fit to in¬ 
sure absence of slap without abrasion. The 
trouble was overcome completely by turning a 
shallow, square groove of screw thread form 


from the bottom of the skirt to just beneath 
the lower ring. This holds oil securely and al¬ 
lows a smaller clearance than is possible with 
a plain piston. 

There is an interesting lubrication s y ste m 
employed, individual oil supply being sent to 
every point. The oil pump, which is a con¬ 
ventional gear pattern, is mounted on a 
large plate, and the delivery from the pump 
is distributed to a number of oil leads by 
means of passages in the plate^ Actually the 
plate is die-cast aluminum with distributing 
grooves, and these grooves are made into 
closed passages by putting .a piece of thin 
sheet copper over the face. This gives direct 
pressure feed to all bearings on the crank¬ 
shaft and to various other points. 

Valve Clearance. 

Is .010 cold and adjustment is made be¬ 
tween end of walking beam and adjusting 
screw, (see page 362 for Franklin electric 
system and page 189 for air cooling principle. 
See also page 544 for * * specifications. ’ ’) 


Sunmfl Crank 


^Starting Crank Spring 
N '“ Starting Crank Sleeve 
Starting Crank Kaichet 


Cylinders; two, opposite or 180* apart instead of 42° as in the V engine. See page 118, 
explaining firing orders of this type of engine. -Bore 2 inch; stroke 2% inch; piston dis¬ 
placement 15.70 cubic inches; H. P. normal rating 2%, develops 4. Pistons have two ringa; 
Inlet and exhaust valves side by side on top of cylinders; timing gears in separate hoaxing 
outside of crank ease; carburetor; Indian special; Ignition, Dixie magneto driven at engine 
speed—fixed or aet spark. 

Addresses of Some of the Tloading 
Engine Manufacturers. 

Lycoming Foundry A Machine Go.. Wil¬ 
liamsport, Pa., “Lycoming." 

Sterling Motor Co., Detroit, Michigan. 
“Sterling." 

Hershell-Spillman Co., North Tonawanda. 
N. Y. 

Rutenber Engine Co., Marion, Ind. 
Northway Motor Mfg. Co., Detroit, Mich. 
Falls Motor Corp., Sheboygan Falla, Wis. 
Ferro Machine A Foundry Co., Cleve¬ 
land, O. 

Golden Belknap A Swart* Co., Detroit 
Mich. 

Waukesha Motor Co., Waukesha, Wiscn. 
Buda Co., Harvey, Illinois. 

Beaver Mfg. Co., Milwaukee, Wiacn. 
Brennan Motor Mfg. Co., Syracuse, N. Y. 
Weidely Motor Co., Indianapolis, Ind. 
Teetor-Hartley Motor Co., Hagerstown. 
Ind. 


The Holmes Automobile Co., Canton, Ohio, manufacture an air cooled car with many distinctive fenturea. 
♦See Insert No. 3 for other motorcycle engines—also pages 843 to 846 and 811. 






































































































CARBURETION. 


143 


it 

“Mixing Valve”— also called “Generator Valve.” e 

In the early days the method of mixing the gasoline and air in prop*, 
proportions was by means of a “mixing valve,” figure 1. The ai 
was drawn in at “air intake,” through valve (3), being opened by 
suction of piston forming a vacuum in crank case when going up (on a 
“two cycle” engine), or when inlet valve was open and piston traveling 
down on a “four cycle” engine. 

When air is drawn in, if gasoline needle valve was open, gasoline 
would also be drawn in, mixed with the air and pass into cylinder in a 
partial vaporized condition. 

The mixing valve, also called a “generator valve,” is still used to a 
small extent on two port two cycle engines. It takes the place of a 
check valve, as the valve (3) serves the same purpose. 

Note absence of float arrangement. The gasoline is fed by gravity 
and when engine stops the gasoline needle valve must be cut off, other¬ 
wise there will be dripping. 

Elementary Principle of the Float Feed (constant-level) Type Carburetor. 

The gasoline 
flows from the 
gasoline tank 
to the float 
chamber of the 
c a r b u r e tor 
through a small 
brass or copper 
pipe. 

The float 
chamber Im¬ 
mediately fills 
up until the 
float (made of 
cork or hollow 
copper or 
brass) rises and 
cuts off the 
flow. 

The level of 
the gasdllne in 
the float cham¬ 
ber is slightly 
lower than the 
end of the 
spray nozzle 
which extends 

into the mixing chamber, (otherwise gasoline would continue to run out of the spray nozzle 
or jet when engine is idle). This mixing chamber is connected to the inlet pipe of the engine. 

If the throttle valve is opened and engine cranked, the piston will draw in the gasoline, 
mixed with air, through the inlet valve, (note cam is just starting to raise the inlet valve on 
the suction or intake stroke). 

After the piston makes a complete suction stroke down and gas is drawn into the cylinder 
the inlet valve closes (usually after bottom, about 36°), and on the next upward stroke 
of the piston as the gas cannot get out of the cylinder it is compressed, then Ignited by an 
electric spark at the gap of the spark plug. When the compressed gas is ignited by the spark, 
the explosive force of the gas forces the pisto n down. The force depending upon the amount 
and the amount depending upon the opening of the throttle. 

As the piston approaches the bottom of this explosion or power stroke, the exhaust valve 
begins to open and as the piston starts up again, the burnt gases are forced out. This is 
called the exhaust stroke. (In actual practice the exhaust valve opens about 43° before 
it reaches bottom, see page 100.) 

The same operation is repeated over and over. The momentum of the fly wheel keeps the 
engine in motion until the next “power stroke.” 

The gpeed of an engine is varied by opening and closing the throttle valve. 


CHART NO. 71—Explaining how the Gasoline is Mixed with Air and Drawn into the Cylinder of 
a Four Cycle Gasoline Engine this is called Carburetlon. The device which feeds the gaso¬ 
line and air to the engine is called a Carburetor. 

Chart 70 on page 188. 


f Spar* Plug *lre 




Fig. 1. Mixing 
valve. 
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INSTRUCTION No. 12. 

^JURETION: Principle, Construction, Operation, Carburetor 
Parts. Types of Carburetors. Throttle. Speed Control. 
Heating or Vaporizing. Gasoline Feed Systems. 


Carburetion Principle. 

Meaning of carburetion: The mixing together of gasoline vapor and air 
is called “carburetion,” and the device that keeps the two in proportion is 
called a “carburetor.” 

To get energy out of the gasoline it is necessary for it to be converted 
into a vapor and then mixed with a volume of air before it can be exploded 
in the cylinder. 

There are two ways of producing this vapor, one being to expose a con¬ 
siderable surface of this liquid to the air, which is also caused to bubble 
through it and thus become impregnated with the gasoline vapor.' This was 
the original method and was called the “surface” type of carburetion. 

The second method is to “spray” the liquid gasoline through a fine 
spray nozzle or jet into the mixing or vaporizing tube and into which air 
can be drawn to intermingle with the vapor. 

The device in which this operation is performed is termed a “carburetor/* 
and the operation itself is known as “carburetion,” from the faot that the 
gasoline largely consists of carbon. The mixture might also be termed “car¬ 
bureted” air. 

Amount of gasoline and air: It has been found that the best explosive 
mixture with the gasoline commonly used, is a proportion of # 14 parts air to 
1 part gasoline, this when maximum power is desired and ranging to 17 t# 1, 
the latter for maximum economy. (Proportioned by weight of atmospheric 
pressure.) 

Pure gasoline vapor will not burn; it must be mixed with air before it 
can be used in an engine. To burn with the greatest rapidity and heat, the 
air must be in correct proportion to the vapor. The exact amount of air to be 
mixed with a certain amount of vapor depends on the quality of the gasoline, 
and other conditions. The carburetor, by which the proportions of the mix¬ 
ture are maintained, is so made that a current of air passes through it when 
the piston makes a suction stroke. See chart 71—“air intake.” 

The air goes through this passage, in which is a small pipe called a “spray 
nozzle” that sprays the gasoline, so that it comes in contact with the air (see 
spray nozzle, page 141). The gasoline being volatile, is taken up by the air, 
and the mixture goes to the cylinder. 

The amount of air that may flow through the carburetor, and the Quan¬ 
tity of gasoline that may flow out of the small pipe, are adjustable, so that 
for a certain amount of gasoline the proper proportion of air may be admitted. 

When the mixture is not correct; that is, when there is too much or too 
little air for the gasoline flowing out of the small pipe, the running of the en¬ 
gine is affected, and it will not deliver its full power. 

When there is too much air for the gasoline, the mixture is said to be too 
poor or lean ; when there is too little air, the mixture is said to be too rich. 

The carburetor is connected to the inlet pipe, and no air or gas can enter 
the cylinder through the inlet valve without first passing through the car¬ 
buretor. 

*For Carburetor Trouble and Remedies, see index for * 'Digest of Troubles,’* and next instruetUm. 

*That is, 14 to 1 or rich mixture is best for quick acceleration, or 15 to 1 or leaner mixture beet 

for pulling with wide open throttle, and 17 to 1, or still leaner mixture, for high speed w©A 

(figures only approximate). 
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The air drawn through the carburetor on the suction stroke enters it 
through the “air intake” (see illustration, page 141), and passes around the 
spray nozzle, drawing gasoline with it; the level of the gasoline in the float 
chamber then drops, and the float drops also and permits more gasoline to en¬ 
ter the float chamber. 

It is in the “mixing* tube,” or “mixing chamber,” as it is sometimes 
called, that the air is brought into contact with the gasoline. The “spray 
nozzle,” projects into the mixing tube, so that it is in the center of the current 
of air. 

How the gasoline is drawn into cylinder with the air: When the air is 
not passing through the mixing tube, the liquid gasoline stands just below 
the open end of the spray nozzle, but as soon as the current of air passes 
through, it sucks the gasoline out. The current of air sucks up the gasoline, 
on the order of a child trying to draw the last few drops of soda through a 
straw, drawing in really more air than sodq. 

The piston of the engine, on its suction stroke produces the suction effect 
similar to a squirt gun drawing in water. 

The inlet valve must be open to permit the gas to be drawn into the cyl¬ 
inder—which it is, if piston is on the suction or intake stroke, but no other 
stroke. 

*The adjusting screw or “gasoline needle valve” regulates the amount of 
gasoline to be admited into the mixing tube through the spray nozzle or jet. 
The regulation of this needle valve is very important, and after once being 
properly adjusted, a very slight turn one way or the other will affect the 
running of the engine. 

The throttle valve, usually placed in the mixing tube, above the spray 
nozzle, governs the amount of gas which enters the cylinder on the suction 
stroke. 

The throttle valve lever on carburetor, connects with the throttle lever on 
the steering wheel. Moving the throttle lever on the steering wheel, in a cer¬ 
tain direction opens the throttle valve on carburetor, which increases the speed 
of the engine. 

The more gas admitted by the throttle lever through the throttle valve, 
the more gas will enter the cylinder; hence more power or greater force on 
the power stroke, thereby giving more speed to piston of engine. 

Moving the lever in the opposite direction closes the throttle valve on 
carburetor, reducing the amount of gas which enters the cylinder, thereby re¬ 
ducing the speed of the engine. 

The float, in the carburetor is provided merely to prevent the gasoline 
overflowing and running out of the spray nozzle, when engine is not running. 
The float is adjusted so the level of gasoline will not quite reach the top of 
the spray nozzle or jet. 

The floats are usually made of cork or hollow metal balls, which float 
in the gasoline inside of the mixing chamber. A needle point arrangement is 
connected with the float, which cuts off the gasoline flow when the engine 
stops. 

The reason why engines must first be cranked, before starting, is due to 
the fact that a charge of gas must be drawn into the cylinder, then compressed. 
Compressed gas is ignited by the electric spark; this produces the power 
stroke, and the power from this combustion of compressed gas, together 
with the momentum of the fly wheel will keep the engine in motion until the 
next power stroke. The cycle operation of suction, compression, power and 
exhaust is repeated over and over again. (See page 58 for explanation of the 
four cycle principle.) 

♦This adjusting screw has been discarded on some makes of carburetors. 
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The purpose of the float is to cnt the flow of gasoline off when the chamber is full, other¬ 
wise the gasoline would overflow at the “spray nozzle." 

When the float is properly set (usually determined by its weight, or adjustment of float 
needle valve), the gasoline will not overflow at the nozzle. 

When the engine Is running the suction of the piston draws the gasoline through the 
mixing chamber from the spray nozzle, through the intake pipe from carburetor, through the 
intake valve on engine. 

As the gasoline is consumed in the engine, the level of the gasoline in the float chamber 
drops and thereby causes the float to drop and more gasoline enters the chamber. 

There are different methods used on varidus makes of carburetors for operating the float 
and cutting off the gfesoline, but the principle of practically all carburetors is about the same. 

In fig. 1 the main air supply is drawn in at the bottom of the "mixing chamber" but 
inasmuch as the best power of an engine is obtained by getting exact proportions of air and 
gasoline, the reader will note that if the Bpeed of the engine varies the air proportion will be 
too great or not enough, therefore an auxiliary air intake which is automatic in action, is pro¬ 
vided on most carburetors. 



according to the speed of the engine. 

Another feature of carburetion is to break the gasoline up into as many fine particles as 
possible so that the air will more readily mix with the gasoline and form a vapor. There are 
different methods of doing this which will be shown further on. 

There are many different methods of arrangement of the float and air valves, but the 
fundamental principle remains the same. 

1HABT NO. 72—A Simple Form of Carburetor. 

lg. l.—Maybach conceived the idea of using a float to keep the gasoline in spray nozzle at a con- 
tant level and to draw air around spray nozzle, 
ig. 2.—Krebs, later, added the auxiliary air valve. 
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Parts of a Carburetor. 


There are various types of carburetors, 
in fact a score or more; although the con¬ 
struction varies, the principal parts are for 
the same purpose. 

Classified according to structure and op¬ 
eration, we will mention the construction 
of the parts now in general use. 

Floata 

Floats are usually made of light brass or 
eopper in various hollow forms; the joints, 
if any, being carefully soldered or brazed 
so that gasoline cannot enter the float itself. 
Floats are also made of cork, well shellaced 
so that they will not absorb gasoline and 
lose their buoyancy. 

The sole duty of the float is to maintain 
a predetermined level of the gasoline in the 
carburetor. This level is generally a small 
fraction of an inch below the jet or nozzle 
opening. 

As gasoline flows from the main supply 
tank through the gasoline pipe or line into 
the float chamber of the carburetor, the 
float rises and the needle valve shuts off 
the further entrance of the fluid into the 
carburetor. 

When the engine is running and using 
gasoline the float in the carburetor is con¬ 
tinually falling and rising slightly, always 
maintaining the approximate gasoline level 
in the float chamber. 

There are many types of floats and float 
mechanisms as will be seen in the illustra¬ 
tions of various carburetors in this instruc¬ 
tion. By Teferring to chart 7 4 the reader 
will observe several float and float valve 
arrangements.* 

Gasoline leaking into the float would in¬ 
crease its weight, thereby changing the 
proper gasoline level in the spray nozzle 
and cause the carburetor to flood. 

Float valve mechanism: To the float an 
attachment is provided which will stop the 
flow of gasoline when engine stops. This 
action is obtained by the rising of the float 
(see fig. 1, page 148), also study the sim¬ 
plified explanation on page 141. 

The valve which cuts off the flow of 
gasoline is called the float needle valve. 

Side float type of carburetor: The float 
feed arrangement shown in chart 72, is 
shown placed to the side of the mixing 
tube. This form of carburetor is called a 

side float type. 

Another side float type is shown in fig. 3, 
chart 73: The float in this type of car¬ 


buretor is usually a tight box made of thin 
brass, the joints being made so there is 
little danger of leakage. In order to offset 
the danger of changing the level of the 
gasoline by tilting, the float and mixing 
chambers are as close together as possible. 

On the float arm is a small collar, in which 
rests the arm of a rocker, the rocker being 
pivoted in the center. The other arm of 
the rocker rests in a similar collar on the 
stem of the float valve. 

As the float rises, it carries with it its 
rocker arm, the rocker turning on its pivot. 
This depresses the other arm of the rocker, 
which closes the float valve and stops the 
flow of the gasoline into the float cham¬ 
ber. 

. This is a very usual arrangement of the 
float valve, as it permits the valve to move 
downward aB the float is moving upward in 
floating on the gasoline. 

The rod through the float forms the 
primer, or “tickler,” because depressing it 
lifts the float valve and admits gasoline 
for the purpose of priming, for starting 
in cold weather. 

In another form, the valve stem passes 
through the float, and is separate from it, 
the inlet of gasoline being at its lower 
end (fig. 1, chart 74), left illustration. 

A pivoted arm, or sometimes two or more 
are so set that the ends rest in a collar on 
the valve stem, and the outer ends, which 
are heavier, rest on the top of the float. 
As the float rises it lifts the arms resting 
on it, which depress the valve stem, closing 
the valve. When the float falls the weighted 
end of the arms fall with it, lifting the valve 
stem, and thus opening the float valve. 

There are several other methods of 
connecting the float with the float valve, 
as shown in chart 74, page 148. 

The 4 4 gasoline adjustment or needle valve’ 9 
on above carburetors are similar to the sim¬ 
ple form of carburetor described in chart 
72—as is also the 44 auxiliary air inlet,” 
but they are placed at different positions, 
yet giving the same results. 

The concentric float type: The floats are 
not always placed to the side; they are 
quite often placed around the mixing tube 
as shown in figs. 1 and 2, chart 73. When 
the float is placed around the mixing tube 
it is called a concentric type of float. 


•Dyke’s working model explains a type of float mechanism used quite extensively abroad. The 
throttle on this type of carburetor is called the “sliding or rotary throttle valve type," see 
page 154. 

•For adjustment of floats of various standard carburetors, see next instruction. 
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Pig. 1.—Carburetor with the Float 
Around the Mixing Chamber, called 
the concentric type of float. Air supply 
is drawn in at bottom of mixing cham¬ 
ber below the spray nozzle. This il¬ 
lustration shows only the main air 
supply. 
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Fig. 2.—Carburetor with the Float Around the 
Mixing Chamber (also a concentric type). Air 
supply iB at the bottom, below the mixing chamber 
and is called the * * main air supply.’ 1 

An Automatic Auxiliary Air Supply is shown at 
the top of the carburetor. This auxiliary air valve 
is called automatic, because the air is automatically 
controlled by the spring tension against the valve 

If the Engine Is Banning Fast the valve will 
open wider and admit more air, caused by a greater 
suction. 


The Throttle Valve (Butterfly Type), is shown 
in the outlet tube. This outlet tube connects with 
the intake pipe of the engine. The opening and 
closing of this throttle admits more or less gas to 
the engine and is controlled by hand lever on the 
steering wheel. 
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Fig. 8.—This Type, of Carburetor has a Side Float Chamber. Note the float valve me¬ 
chanism attached to the float, to cut off the gasoline. The main air inlet is at the side but 
permits the air to enter below the spray nozzle. 9 

The Automatic Auxiliary Air Supply is taken in at the top (over the spray nozzle to the 
side of mixing chamber), the same principle as the one in Fig. 2, but the arrangment only is 
different. J 


CHART NO. 78—Explaining the side Float Type of Carburetor and the Concentric Typo of Float 
Arrangement. Also showing a different arrangement of the Auxiliary Air Intake Valve, 
which can be placed to the side or overhead. ^ 

Pop— ntrie meant (having the tame center), the center of nossle, mixing chamber and of the float being identical. 
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The earburetor with the float passing 
Around the mixing tube is called a “con¬ 
centric float” type because the float sur¬ 
rounds both the spray nozzle and mixing 
chamber, all having the same center. This 
makes a compact carburetor and maintains 
a constant gasoline level in the spray 
nozzle regardless of the angle at which 
the car may be. 

The float valve mechanism closing the 
gasoline inlet is attached to the “float.” 
On almost all concentric float carburetors 
the float is made of cork. 

The gasoline needle valvd controls the 
flow of the gasoline to the spray nozzle, and 
the correct adjustment of it is necessary 
for the operation of the carburetor. It is 
also called the {‘gasoline adjusting screw.” 
Don’t confuse this needle valve with the 
“float needle valve.” 

In some carburetors this adjusting screw 
is placed at the top of the spray nozzle, on 
others at the bottom and on others, to the 
side. When placed as shown in fig. 2, page 
148, it also helps to break the gasoline 
into “spray.” 

The regulation of this gasoline peedle 
valve is very important and likewise very 
sensitive. After the carburetor is once ad¬ 
justed by regulating the auxiliary air valve 
and the opening of this gasoline needle ad¬ 
justment valve—the slightest turn one way 
or the other of this valve, will make a dif¬ 
ference in the running of the engine. 

The type of gasoline adjustment needle 
valve marked (e), fig. 2, chart 74, is of 
the h a n d operated type, being adjusted 
only occasionally. Other types of “gaso¬ 
line adjustment needle valves” are; the 
mechanically operated needle valve, oper¬ 
ated by movement of throttle through a 
cam arrangement by hand (chart 84), and 
the automatic mechanically operated needle 
valve operated by action of the auxiliary 
air valve (chart 82) called “metering 
pins,” which will be treated farther on. 

The main air Inlet or supply is on all 
carburetors. See charts 73 and 74. Note, 
(a), in fig. 2, chart 74, usually placed so 
the rush of air entering will surround the 
jet or spray nozzle. 

The auxiliary air. Inlet: The greatest 
diference in the air type of carburetor is 
in the position and action of the auxiliary 
air inlet. In the one shown (fig. 2, chart 
73), there are openings in the top (“extra 
air inlet”), closed by a valve pressed 
against them by a “coil spring,” whereas 
in fig. 2, chart 74 it is placed to the side. 

The auxiliary air valve is controlled au¬ 
tomatically by the vacuum created by en¬ 
gine piston which draws air through the 
auxiliary air intake, against a spring ten¬ 
sion; for instance, see the auxiliary air in¬ 


take (d) in the carburetor shown in (fig. 2, 
chart 74). 

Another method for automatically open¬ 
ing and closing the auxiliary air intake is 
shown in fig. 1, chart 75, see the ball (N). 
Instead of a valve and a spring, balls are 
utilized instead. 

The air valve spring. The weaker the 
spring the less vacuum it will take to draw 
the valve open, and it may be adjusted by 
means of a threaded* sleeve (as in fig. 2, 
chart 74), or in various other ways. 

The stronger the spring, the less air , 
hence “richer” mixture. The weaker the 
spring; more air, “leaner” mixture. 

Float chamber is that part in which the 
float operates; it is sometimes placed around 
the spray nozzle and sometimes to the side, 
as previously explained. 

The float level: In different makes of 
carburetors, the level, of the gasoline in float 
chamber, and the gasoline in the spray 
nozzle varies from about one-sixteenth to 
one-eighth of an inch below to top of the 
spray nozzle, see pages 166 to 168 “adjust¬ 
ing floats of carburetors.” 

Spray nozzle: The fuel is discharged 
into the mixing chamber through the 
spray nozzle. (Also called “jet tube.”) 

As its name implies, it is intended to de¬ 
liver the liquid in the form of a fine spray, 
which is: (1) vaporized more or less; (2) 
mixed with the entering air, and ,(3) car¬ 
ried by the suction into the engine cylin¬ 
der. 

The simplest form of spray nozzle is one 
having a single opening, as shown at (s) in 
fig* 2, chart 74. Some carburetors have two 
spray nozzles or jet tubes, as shown in fig. 
3. Another type has what is called a “mul¬ 
tiple Jet” spray nozzle, as shown in fig. 4, 
see also upper right-hand illustration, page 
179. 9 r • 

When a carburetor has more than one jet 
it is particularly adapted to a multiple of 
cylinders of large size and especially «t 
cylinder engines. 

The mixin g chamber consits of an enclos¬ 
ure or passageway containing the nozzle. 
The gasoline and air is mixed within this 
tube in proper proportions and then drawn 
through the throttle into the engine. 

The venturi tube around the spray noz¬ 
zle in the mixing chamber, is the accepted 
type and is now made in almost all makes 
of carburetors. The principle and purpose 
of the venturi tube around the spray noz- 
ple is in order to get a greater volume of 
air through a predetermined sized opening 
in quicker time. Explanation of the ven¬ 
turi action is shown in figs. 2 and 3, page 
162. 
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F!g. 3.—A carburetor of the side float 
and “double jet” type. The hand ad¬ 
justed needle valves are shown at bot¬ 
tom of carburetor. 

Carburetors are also made with three 
or more jets, see fig. 6, page 140. 

_ 


Fig. 4—The Carter; a true Multiple Jet Type car¬ 
buretor with side float chamber. Seamless copper 
float. Auxiliary air valve spring subject to control 
from the car dash. This type is particularly adapted 
to six cylinder engines. 

This illustration is of the old model—see chart 
88 for improved model, upper left illustration 


GHABT NO. 74—Explaining Different Float Mechanisms. 
Doable Jet and a Multiple Jet Carburetor. 


Gasoline Adjusting Needle. 


Pig. i_The Different Mechanisms for operating the float valve on side float type of car¬ 

buretors—there are several other types in use. T—is the float, usually hollow metal. V— Is 
the float needle valve. 0—is the opening leading to the spray nozzle. F—is the pipe from 
the gasoline tank. 


Fig. 2.—Type of carburetor with 
a concentric type of float. Note 
the float (t) (made of cork) is 
constructed so that it surrounds 
the mixing chamber and the spray 
noszle. 

The main air intake (a) aux¬ 
iliary air intake (d) single jet 
spray nossle (s) and throttle valve 
of the butterfly type (h) are shown 
in this carburetor. 

The hand adjusted gasoline 
needle valve (e) is also shown. 

A hand controlled mechanically 
operated gasoline needle valve is 

shown in chart 84. 

An automatically controlled 
needle valve is shown in chart 82. 
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Carburetor 

Despite tremendous advancement made in 
internal-combustion engines during recent 
years, original methods of carburetion are 
still—broadly speaking—in practice. 

The carburetor is still a comparatively 
primitive instrument, depending upon the 
•notion of the piston during its descent on 
the inlet stroke to draw from a jet (spray 
nozzle) or jets—variable or otherwise—the 
necessary gasoline to mix with the air. 

This jet can be a fixed size or it can be 
variable. This spray of gasoline is at the 
mercy of the temperature, valve timing, ex¬ 
haust, inlet and combustion head design. 

Carburetors as we know them at the pres¬ 
ent time, are divided into five classes: 

(1) Air valve type—In this the fuel issues 
through a fixed orifice and the addi¬ 
tional air required when the throttle is 
opened is admitted through an auxil¬ 
iary air valve. (See fig. 2, page 144 
and fig. 5, page 150). 

(2) Compensating Jet type—In this an aux- 


Prln&ples. 

iliary fuel jet comes into action as the 
throttle is opened. (See page 181— 
Zenith.) 

(3) Metering pin type—In this the size of 
the gasoline orifice (jet) is increased 
automatically to increase the flow of 
fuel as the throttle is opened. (See 
page 161 and 178.) 

(4) Exp anding type—In this there are a 
number of fixed orifices which come 
in action one after the other as the 
throttle is opened. See Carter and 
Master, pages 179 and 180, also 151. 

(6) *The “plain tube” or “pitot” princi¬ 
ple :—Ig a modern principle now being 
adopted extensively. The metering 
pins, dash pots, auxiliary air valves are 
dispensed with. The action is to supply 
an increased supply of gasoline or rich 
mixture for acceleration and then thin 
down to an economic mixture for nor¬ 
mal engine speed. See page 177 for the 
Stromberg using this principle, and page 
800 for the Schebler, as used on the Ford. 


Air Valve 

To properly understand the “air valve” 
principle we will begin with the first prin¬ 
ciples. 

For a simplified explanation we will use 
illustration fig. 1, page 144. 

The liquid gasoline enters the float cham¬ 
ber from the supply tank through the 
“float needle valve.” 

In the 4 4 float chamber * * there is a 11 float , 9 9 
made either of cork, well shellaced to keep 
out moisture, or in the form of an air-tight 
metal box, which floats on the gasoline. 

As the gasoline enters, the float rises, 
closing the gasoline needle valve, shutting 
off the gasoline when it has reached a cer¬ 
tain depth. 


Principle. 

Is only possible to adjust the amount of 
gasoline flowing to the spray nozzle. This 
is called the “Maybach” principle (see fig. 
1, page 144). 



The engine of an automobile, however, 
does not run at a steady speed; sometimes 
it is running fast and sometimes slow. 


The gasoline runs out of the float cham¬ 
ber to the spray nozzle, the float keeping 
the gasoline at the same level in both. When 
the suction of piston draws the gasoline out 
of the spray nozzle, the level of the gaso¬ 
line in the float chamber drops, and as the 
float sinks, the valve is opened and more 
gasoline admitted. 

When the spray nozzle is made with a 
small opening, the gasoline comes out in the 
form of spray, instead of as a stream, which 
makes it vaporize quickly. 

In some carburetors, as the gasoline 
comes out of the spray nozzle it strikes 
against the end of a head projection, which 
breaks it into finer spray, and as the object 
Is to make it vaporize as quickly as pos¬ 
sible, this is an improvement. 

In the simple float feed carburetor shown 
In fig. 1, page 144, and fig. 4, this page, It 


The speed of the air current passing 
through the carburetor depends on the speed 
of the engine; when the engine is running 
fast the speed of the air current through 
the carburetor is much greater than when 
the engine is running slow. 

The greater the speed of the air current, 
the more gasoline it will suck out of the 
spray nozzle, and the adjustment of the 
gasoline flow that will give a correct mix¬ 
ture at a low speed will give a rich mixture 
when the air current moves at a higher 
speed. For this reason the air supply must 
also be varied In order to give the proper 
combustible mixture. . 

Auxiliary Air Valve. 

To vary the air supply, different methods 
are used, but one used most Is the auxiliary 
air valve, and this Is where the “air-valve 
type’ * carburetor derives Its name. 


+The “Pitot tube*' Is an Instrument for measuring pressure in moving streams of gas or liquids. Oan 
be used facing in any direction, but as applied to the carburetor faces down stream. 

The Pitot tube has been used for years for measuring fire streams, chimney drafts, etc. In the car¬ 
buretor it is simply used to provide air at sufficient pressure to force the fuel from the well and be 
enclosed in the carburetor. 
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The Auxiliary Air Valva—its purpose. 


Maybach conceived the idea of using a 
float to keep the gasoline in spray nozzle at 
a constant level and to draw air around the 
spray nozzle as per fig. 1, page 144. Krebs, 
then added the auxiliary air valve, as per fig. 
2, page 144. 

The auxiliary air valve was designed for 
engines which run at changing speeds, so that 
an extra supply of air was admitted when 
the air current flows so fast that it would 
result in too rich a mixture. 

The action of 
this auxiliary air 
valve depends on 
the greater or 
less suction, that 
faster or slower 
speeds of the en¬ 
gine gives. 

In this parti¬ 
cular type, fig. 2, page 144, and fig. 2, 
page 146, the extra supply of air, which re¬ 
duces the rich mixture formed in the mix¬ 
ing chamber, is admitted through the valve 
placed above the spray nozzle which is con¬ 
trolled by an adjustable spring. 

The suction produced from the suction 
stroke of the piston draws the auxiliary 
valve open, just as an automatic inlet valve 
is drawn open. 

As the rush of air through the mixing 
chamber becomes greater and greater, be¬ 
cause of the increased speed of the engine, 
the air valve is drawn open corresponding¬ 
ly wider, the spring being adjusted so that 
the proper amount of fresh air is admitted 
to bring the rich mixture to the proper pro¬ 
portions. 

The float feed and the spray nozzle ar¬ 
rangement in both fig. 1 and fig. 2, page 
144, are the same, the difference being in 
the auxiliary air inlet in fig. 2. 

See fig. 2, chart 74 and note the auxiliary 
air valve as applied to the Schebler model 
D carburetor. 

The disadvantage of this type is that ow¬ 
ing to the relieving action of the spring 
valve, it does not increase the proportion 
in ratio, and is hardly suitable for the 
present day high speed flexible engine. 

There are several different models now 
manufactured, based on the principle of the 
auxiliary air valve only. In these, the 
problem is worked out in different ways; 
one manufacturer uses a “spring-controlled 
valve"; another hopes to get better results 


by regulating the movement of the valve by 
“two springs," instead of one; still another 
maker adds an “air dashpot" with the 
hope of getting finer regulation and a bet* 
ter functioning of the auxiliary air valve; 
another uses a “dashpot filled with gaso¬ 
line"; and there are others who use metal 
“balls" to serve as the auxiliary valve; 
while others use what are known as 
“weighted air valves/* in which the auc¬ 
tion lifts balls (L), as in fig. 1, chart 75, 
thus admitting the air which sweeps over 
the spray nozzle. While they all differ 
in the details of working out the design 
they are, nevertheless, based on the basic 
principle of the auxiliary air valve as 
originally worked out, in fig. 2, chart 72, 
For simplicity in nomenclature we will re¬ 
fer to this type as the auxiliary air valve 
type. 

For air valve types of carburetors, see 
Kingston, fig. 1, page 152; Schebler model 
D, page 148. 

Relation of Acceleration to Gasoline 
Consumption. 

The rapid advance of high speed and 
multiple cylinder engines, have demanded 
“quicker acceleration," meaning quicker 
“get away" or “pick up" of the engine. 

Flexibility of control means practically 
the same thing or the capabilities of the 
engine to * 1 pick up * * from low to high speed 
and vice-versa. Rapid “acceleration" and 
“flexibility," both call for a sudden 
greater amount or percentage of gasoline 
to air. Quick acceleration therefore de¬ 
mands a surplus of gasoline for but a brief 
period after which the normal supply will 
care for the engine. It may be but a mat¬ 
ter of a few seconds, yet it is of importance 
that this additional supply be ready and in 
available form for that brief period. 

The Dash Pot. 

To meet the sudden demand for gasoline, 
the added nozzle, or multiple jet has been 
introduced by some makers, so that when 
the suddenly-opened throttle brings the 
auxiliary air valve into use, the valve in 
turn brings more gasoline into the mixture, 
an added supply. One maker does this by 
a “dashpot" on the auxiliary valve stem, 
this dash pot performing a regular pump 
stroke and forcing gasoline into the mixing 
chamber by way of a separate nozzle as the 
auxiliary air valve opens. Once open the 
pumping action ceases, but the nozzle re¬ 
mains open for a more even demand for 
more fuel. 



The Compensating Jet Principle. 


As stated, under a heading (2) on page 
149; the compensating jet type of carbure¬ 
tor is where an auxiliary fuel jet comes into 
action, as the throttle is opened. 


Types of carburetors coming under this 
heading would be the Zenith, page 181; 
Stromberg model “H," page 177; Marvel, 
page 179. 
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The Metering Pin Principle. 


Metering pin typer—In this, the size of the 
gasoline orifice or jet, is increased auto¬ 
matically to increase the flow of fuel as 
the throttle is opened. 
For instance, note the 
connection between 
the 4 4 throttle” and 
the 4 ‘needle valve” 
in the spraying nozzle 
as shown on page 
174. By a carefully 
computed cam action 
it is possible to give a 
sudden lift of the 
needle and thus get the 
desired fuel supply 
quickly. 

The same company in another model* (T), 
have connected the “auxiliary air valve” 
with the “needle valve” in the nozzle (see 
above, and page 172), so that as the air 
valve opens there is a larger nozzle open¬ 
ing for the flow of gasoline. This principle 
is called the “metering pin” method. 

Proportion of air and gas: All of these 
methods of providing 44 acceleration” are 
based on the accepted belief that in car- 
buretion, different mixtures of air and gaso¬ 
line vapor are needed for different engine 
requirements. The days are past when the 
uniform-mixture argument dominated, the 
argument that the ideal carburetor was one 
that would give, say, a mixture of fifteen 
proportions of air to one of gasoline vapor 
for all speeds, 4 4 acceleration, ” 4 4 hard 

pulling” with open throttle, and high-speed 
work with open throttle, etc., etc. The new 
rule is that the amount of gasoline fed into 
the air volume must be changed according 
to demands, and that if a twelve-to-one or 
44 rich” mixture might be best for quick 
acceleration, that a fifteen to one, or 
44 leaner” mixture may be best for pulling 
with the throttle wide open and a seventeen 
to-one, or still 44 leaner” mixture for partic¬ 
ularly high speed work. Therefore a 4 ‘vary¬ 
ing mixture” must be supplied. 

Example of a Carburetor with Both 
a Metering Pin and Dash Pot. 

The Bayfield uses a 44 metering pin,” 
which pin is lifted as the throttle opens in 
the main jet N, fig. 2, through a link ar¬ 


rangement, and so establishes a right to 
be classified as a metering pin type, but it 
goes further. It incorporates an auxiliary 
nozzle (AN) which also has a metering pin 
which is depressed when the auxiliary air 
valve opens. Thus by having two distinct 
nozzles it establishes its right also to be 
classified as an expanding type of instru¬ 
ment. 



Fig. 2. The Bayfield carburetor principle 
with 4 ‘metering pin” connected with the 
throttle and 4 ‘dash pot,” with auxiliary air 
Intake, (tee also page 175.) 

But the Bayfield goes still further in that 
it combines a pumping action on the gasoline 
in the auxiliary nozzle AN whereby a very 
rich mixture is furnished for acceleration 
whenever the air valve is suddenly opened. 
This is accomplished by the piston on the 
lower end of the air valve stem, this piston 
working in a “dashpot” filled with gaso¬ 
line. Gasoline enters the dashpot above the 
piston and is admitted-«to the space below 
the piston by the disk valve in the piston. 
When the air valve suddenly opens, forcing 
the piston downward, this disk valve is 
automatically closed, forcing or pumping 
the gasoline upward through the dotted fuel 
passage into the nozzle AN, where it is 
sprayed into the inrushing air. Only when 
the valve opens is this pumping function 
occurring and at other times the gasoline 
issues through this auxiliary nozzle accord¬ 
ing to the suction of the engine. Thus the 
Bayfield Is a compound of two metering pins 
in conjunction with the pumping function 
for acceleration. 

Other makes of carburetors using meter¬ 
ing pins are the 4 4 Schebler ’ ’ and 4 4 Stewart ’ ’ 
see pages 172, 173, 174 and 178. 



Expanding Principle. Plain Tube Principle. 


In the expanding principle, there are a 
number of fixed orifices which come into 
action, one after the 
other, as the throttle 
is opened. Types of 
this class of carbure¬ 
tors are shown in fig. 
6 and in the descrip¬ 
tion of the 44 Master” 
carburetor on page 


180, also on the 44 Carter” as described on 
page 179. 

Plain Tube Principle 

is different from this principle and other 
principles. It is the principle now being 
adopted by many carburetor manufacturers. 
For explanation of the “plain-tube” and 
“pitot” principle, see pages 149, 177 and 
800. 
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Fig. 1.—The Kingston Carburetor. In¬ 
stead of using a Spring on the Auxiliary 
Air Intake; balls (L) Govern the Intake 
of Air through auxiliary air intake (G). 
(W) is the throttle • (E) Butterfly 

valve. (D) Connects to intake pipe on 
engine. (A) Main air intake. (V) Gaso¬ 
line needle valve. The float is concen¬ 
tric type. Venturi mixing tube. 


Fig. 2. Fig. 3. 

Explanation of Venturi. It two buckets 
are placed side by side, both filled with water, 
and for example a one inch opening cut in 
the bottom or each. One to have a plain 
opening as in Fig. 2- (A) and the other to 
have a “Venturi” opening as in Fig. 3-(A), 
the same volume of water would flow out of 
the Venturi one-inch opening in Fig. 3-(A) 
much quicker than through the plain one 
inch opening Fig. 2-(A). 

Note the shape of the Venturi opening 
(A), Fig. 3—then note a similar shaped tube 
in the mixing chamber in Fig. 1 of the 
Kingston Carburetor where arrow points 
lead from N. 


Note a double ven 


turl on Stromberg car 
buretor, fig. 1, page 
177. See also page 



Fig. 4.—Illustrating the Connection between the 
Carburetor Throttle Valve on the Carburetor and 
the Throttle Lever on the Steering Wheel. The 
purpose of this drawing is to explain how the speed 
of an engine is controlled by hand (the usual 
method). 

The spark must be “advanced” as the throttle 
is opened. This is done by shifting the timer, and 
causing the spark at the points of the spark plugs 
in the cylinder to spark and ignite the gas earlier. 


L air intake | 

Fig. 5.—The Butterfly Type of 
Throttle Valve. 


CHART NO. 75—Explaining the Ball Type of Auxiliary Air Intake. Explanation of Venturi. 
Speed Control with Throttle on Steering Wheel. 
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Carburetor Throttle Valves. 


There are three types of throttle valves; 
the butterfly, rotary and sliding (see chart 
7«). 

The butterfly throttle valve is the type of 
throttle used on almost all makes of car¬ 
buretors. This type of throttle, is shown in 
fig. 1, chart 76. The mechanism and method 
for controlling the throttle is shown in fig. 
4, chart 75, also see chart 91. (T). 

The throttle is placed in the mixture out¬ 
let, and the form that is shown is called a 
* * butterfly valve.” It is a disc of metal 
turning on pivots, so that it acts like the 
damper of a stove pipe. When wide open, 
the butterfly valve is edgeways to the flow 
of the mixture, but even in this position it 
presents resistance to the flow, which is 
something that should be avoided. 

The “rotary* * throttle valve, fig. 2, chart 
76, presents no resistance whatever for 
there is no resistance offered. Also see 
i€ Master** carburetor, chart 89. 

The sliding throttle valve is another type 
which presents no resistance to the flow of 
gas. This type is seldom used although it 
was formerly used quite extensively when 
governors were used. (See chart 76, fig. 8.) 

Engine Speed; How Controlled. 

The simplest and probably the acknowl¬ 
edged popular method for controlling the 
speed of an automobile engine is by opening 
and closing the throttle valve on the car¬ 
buretor by hand. 


A rod leading from the throttle lever 
on the throttle valve connects with a hand 
lever on the steering wheel. (See fig. 4 t 
chart 75.) The driver then has the speed of 
engine tinder his control at all times. 

If running on a level and more speed is de¬ 
sired, the throttle is opened by the throttle 
lever until the required speed is maintained. 
By closing the throttle, the speed is de¬ 
creased. 

jldling. 

The throttle valve is never entirely closed; 
the lock screw (X) shown in (chart 82) pre¬ 
vents the throttle from closing entirely. 
Therefore engine will run slow or “idle,** 
as it is called, when the throttle valve lever 
on the steering wheel is closed and car 
standing. To stop engine entirely; throw 
off the ignition switch, (see page 171). 

The Accelerator. 

This is the usual means for controlling the 
speed of the engine, see chart 76, fig. 4. 

Governors. 

In the early days the governor was used on a 
few make* of pleasure cars but discarded. The 
governor is now used extensively on truck and 
tractor engines as a matter of economy. See in¬ 
dex "Governors/* and page 154. 

There are two types; the "throttling'* type 
which governs the amount of gas entering cyl¬ 
inders and the "hit and miss" type which gov¬ 
erns the Bpark by cutting it off when engine 
speeds up. 

The former is the type in general use and the 
latter is used to a great extent on small stationary 
gas type engines. The larger stationary type 
engines use the "throttling'* principle, flg. 5. 
page 154. (see index "Governors.**) 


* Remarks on Sta 

When an engine Is started by cranking 
by hand, which is best done by a quick turn 
of the crank, it is necessary that a chhrge 
of vaporized, combustible gas be drawn 
into the cylinder, which is easy to ignite. 
It is also necessary to have a good electric 
gpaik to ignite the gas. 

If we attempt to start, depending only 
on a magneto to supply this spark, it would 
be necessary to “spin” the crank in order 
to get the armature of the magneto up to 
sufficient speed to generate electricity; 
therefore the magneto is seldom used to 
start on. The usual method is to start from 
coll Ignition—its source of electrical sup¬ 
ply is derived from a battery—and after the 
crank shaft of the engine is in motion, then 
the switch is turned to the magneto, if a 
magneto is provided. If a generator and 
battery, then this action is automatic. Ex¬ 
plained further on. 

The modern method of starting an engine 
is by an electric motor, which will be ex¬ 
plained further on. 

In order to facilitate easy starting, by 
hand or motor, It is advisable to open throt¬ 
tle just before stopping engine; In order to 
draw In a good charge of gas—by speeding 
engine up with clutch out; this leaves a 
charge In the cylinder for starting later. 

Priming to Assist Starting. 

•When using the low grade gasoline, espe¬ 
cially in cold weather, the gasoline does 
not vaporize freely. Gasoline vaporizes 

•When an engine will not start during cold 
water over carburetor and inlet pipe. The “cho 
engine, per page 159. **See page 489, foot note, 
**Too much does one of three things—see page 20 1 


rtlng an Engine. 

more readily when warm than when cold. 
The most effective temperature seems to be 
about 170 degrees Fahr. 

Vaporising really means evaporating, or trans¬ 
forming into vapor. The purpose of heating the 
mixture before it posses into the cylinder, is to 
make the gasoline more "volatile" or to evapor¬ 
ate quicker. 

When first starting, however, heat Is not pro¬ 
vided, therefore some method of priming must be 
reeorted to. That is, draw gasoline into the cyl¬ 
inder. (see page 156). 

One method of priming Is to prime with a 
"tickler/* which means to depress the float by 
hand so that the float needle valve will open and 
admit gasoline to the float chamber. A wire is 
naually run from this "tickler" to the front of 
the car, where the operator can pull it and flush 
the carburetor before cranking (fig. 6, page 156). 

Another method for priming is called 
the “damper** or “choke** method, and is 
shown in chart 78A. Instead of lowering the 
float, the air intake is closed. This causes 
an increased suction of gasoline and is 
called “choking** the air supply. 

••Too much priming, however, will fill the 
float chamber so full, that gasoline will run 
out of the spray nozzle, giving a rich mix¬ 
ture, on which the engine will not start, 
therefore it will be necessary to close switch 
and throttle, and crank engine a few times 
te draw in more air, then open switch and 
crank again, at which time engine ought to 
start if there is a good spark. 

After engine is started, then some means 
for heating the gasoline so it will vaporize 
more readily should be employed. 

weather—an effective method is to pour boiling 
ker** or "damper** principle however, usually starts 
"starting an engine by opening switch/' 

>, explaining. $See also pages 169, 171, 652, 653. 
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Carburetor Throttle Valves. 

huttkbklv T mwTTLK vAL VK * hotai^t.. i v,. There are three types of carburetor throttle 

ABi valves: ( 1 ) the butterfly type as per fig. 1 ; ( 2 ) 

{ V p /“ the rotary type per fig. 2 , and (3rd) Gliding throttle 

VJ £ per fig. 3. 

/V V The butterfly type is in general use; it may bo 

I placed in position as shown in fig. 1 , or as per 

vJ- n\ J fifif* lf chart 75. Usually consists of a thin diak 

: ’ f with a throttle lever which is connected with the 

( i\ hand throttle lever on steering wheel. 

The rotary type is different* but used for the 
— ^ same purpose. In the rotary type* the passage of 

G gas from jet to intake manifold through passage 

(P), is controlled by a rotary cylinder (B). It la 
now shown full open, but by moving throttle lever (L), it can ba 
sLtDiNo thiiottlk closed or partially opened as desired. This is the principle uaod 

valyk-N, _ oni the Master carburetor. 

The slidin g throttle valve consists of a cylinder type throttle, 
J>' - | !p -_i but instead of being rotated* it is moved in or out of its passage, 

Igw . r ; , ■' -ir i u 1 ] w which controls the amount of gas passing to the intake manifold. 

As it is moved out, additional air is admitted through port holes. 

‘ ’ i i. ■- This type was the type formerly used with a governor. It is new 

practically obsolete. 

Fig. I. / The Accelerator. 

Fig. 4. The accelerator consists of a foot pedal which opens 
and closes the carburetor throttle valve independent of the hand 
throttle lever. By referring to the illustration, it will be noted 
that the accelerator will operate the throttle of carburetor with* 
out moving the hand throttle lever by an arrangement as shown. 
When foot accelerator pedal is depressed, the rod (F) moves 
against a shoulder which is fastened to the throttle shaft. The 
end of the shaft (T) works free in a turn buckle (P). There- 

-—-__ fore, the throttle can be opened without disturbing the hand 

piQ 4 ^ ^ lever. Or the hand lever can be operated without moving tbs 

} foot pedal. The accelerator is used more than the hand 

y/ throttle lever. Its purpose is the same as the hand throttle 

lever on the steering wheel; to open and close the throttle 
( 1 valve, (see also page 497, 492.) 

throttle lever 1 The accelerator pedal is the usual means of controIHiig 

rod j the speed of the car. Wheu pressed downward for increase 

\ Spring g or released for decrease of speed, its action is instantano- 

ACCELERATOR Wu \ § ous. When the accelerator is released, the engine immedi- 

pedal \ T P \[ ■ yj j ately resumes the speed determined by the positions of tho 

d j /r hand lever on the steering wheel. Although either tho 

T frf XI in " hand throttle lever or the accelerator may be used to ooa- 

i 1 trol the speed of the car, the use of the hand lever is sd- 

1 I vised for beginners. After confidence in driving has bssn 

v ssSS! ^ d I i J gained, the more delicate actidh of the accelerator will bs 

_carburetor- *-- ' preferred. 

The word "accelerate" means to hasten, therefore the term 
is applicable here because it is quicker to operate throttling. 

___ The Governor. 

P 0 ) sliding Fig. 5. ♦There are no pleasure cars using the governor. Nearly all 

e ' -j x truck, tractor, marine and stationary engines use governors. On* 

throttle - type of governor which is a "throttling" type, is the centrifugal bell 

/ § type as illustrated in fig. 5, and which, no doubt the principle is familiar 

Sit _ a to all. The "sliding" throttle in carburetor is actuated by the movement 

l IP 111 ' 7as/n © of the *l eeve controlled by the balls (B). The balls fly out as the spssd 

U©fl 'J increases causing the throttle to close. 

ft gbuj Fig. 6 . The governor formerly used on the Packard: ▲ “hydraullt” 

v nVyi governor of the diaphragm type is located directly above the water pnmp. 

It is operated by the pressure of the water in the water circulation system 
,„ n _ K „ sovtrnoi and consists of a circular chamber divided by a flexible diaphragm of 

K 10 5 -Tb. wM j Uather and rotter. 0 n one side of the diaphragm is a water space 

“ through which passes the water of the circulating system. On the other 

side is an air space and a plunger head against which the diaphragm presses. 
The plunger is directly connected with the throttle valve. 

_If a decrease in the load on the engine causes its speed to increase, 

^ "'j the pressure of the water, circulated by the pump, increases and, eea- 

P1 °- 6 _ I sequently, the diaphragm exerts more pressure toward the rear, tend¬ 

ing to move the plunger and thereby close the throttle. As the engine 
speed decreases, the water pressure against the diaphragm is lessened 
and the throttle may open. 

The purpose of tho governor is to prevent the engine from racing 
when the load was removed, as by throwing out the clutch or stopping 
■* the car without shutting down the engine, also to prevent driver from 
obtaining over a set maximum speed. 

This, however, was found unnecessary on pleasure automobiles, as 
high speed is a desirable feature at will of the driver, which is mere 
easily accomplished with the movement of the hand throttle lever. 

The governor, however, Is a very desirable feature on truck, traobc 
and marine engines where the engine is supposed to run at one fined 
speed, yet the load varied, as the govrnor would then keep the speed con¬ 
stant although the load did vary and is a saving in fuel, wear and tear. 


tit ar t NO. 76—Types of Tlirottle Valves. Tlie Accelerator. Governors. The sliding throttle and 
governor is seldom used. Merely shown to explain the principle. 
r 8ee index for "governor," used on truck and tractor engines. 
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♦Vaporizing 

As previously stated gasoline gives off 
more vapor at about 170 degrees Fahr, It 
Is the vapor mixed with air which is most 
desired. With the proper mixture there is 
more uniform power and flexibility. 

Heating Methods. 

There are several methods employed for 
vaporising, as follows: (1) by passing hot 
water from the water circulation system 
around the water jacket of carburetor, or 
intake manifold; (2) by passing exhaust 
gases from exhaust pipe around the water 
jacket of carburetor instead of hot water, 
also around intake manifold; (3) by taking 
the warm air from around the exhaust pipe 
and passing it through the main air intake 
of carburetor; (4) by heating the mixture 
electrically before it passes into the cylin¬ 
der. All of the above methods are shown in 
chart 78 and 78A, also see pages 160, 187. 

fHeat Regulation Methods. 

Oarburettlng means to break up the gaso¬ 
line Into infinitesimally small particles, 
mechanically, without heating, which is 
called 4 ‘spraying.* 9 This is the best method, 
but very difficult to do so, owing to the 
different amounts of gasoline passing from 

3 >ray nozzle, and on account of the varia- 
on of the throttle or the speed. 

±lf a low gravity of gasoline is used, it 
is necesary to heat and vaporlzp the mix¬ 
ture, because it is practically impossible to 
break it up; but if it is a high gravity gaso¬ 
line, it generates into gas quicker. In other 
words, it is the vapor that we must obtain, 
which is possible with high gravity gasoline. 
But in using high gravity gasoline remember 
it Will not stand as much heating as low 
gravity, for if there is too much heat used, 
then it makes the mixture bo rare that the 
actual amount of gasoline that goes into the 
cylinder is so small and at such a low flash 
point, it ignites quicker, and will burn and 
expand more like powder. It will do its 
work and cool before the piston gets well 
under way, furthermore the pressure on pis¬ 
ton does not last as long, (see page 161.) 

Owing to the low gravity gasoline now 
being used, the mixture is not a true vapor. 
Instead of forming a gaseous mixture, it con¬ 
denses, inside of combustion chamber and 
manifold—therefore a plentiful supply of 
heat is required, (see pages 157, 158, 159.) 

Air control: Therefore, if some method of 
heating the mixture is employed, as shown 
in chart 7 8A, then the heat must be regu¬ 
lated, which is usually done by a dash board 
or steering column air control (fig. 4, chart 
78A), connected with the air intake of car¬ 
buretor. 


•More heat le required In cold weather than warm 
tSee also pages 157, 159, 187. 
jSee page 161. 


of Gasoline. 

Temperature regulator: After engine is 
well warmed up it ought to have more air, 
, and the more air used, less gasoline required. 

If warm air was drawn into the carbure¬ 
tor after engine was very hot, then the mix¬ 
ture would be made too rare or lean. 

We also know that gas expands in direct 
proportion to the degree to which it is 
heated. Therefore, when heated too much, 
the gas is unduly heated or prematurely ex¬ 
panded to such an extent that it loses a cer¬ 
tain per cent of its energy. 

The best degree for general running ap¬ 
pears to be somewhat below the boiling 
point of water, i. e., between 170 degrees 
and 200 degrees Fahr. 

Therefore some means of admitting cool 
air must be employed which will mix with 
the warm air. This would be termed a 
“temperature regulator , 99 and is very sim¬ 
ple. See page 159. 

The use of low gravity gasoline requires 
more heating or vaporizing than a high 
grade. It might be compared with the fir¬ 
ing of a furnace with soft coal. 

If soft coal is properly fired and Is properly 
mixed with air, it will produce the most heat with¬ 
out producing very much smoke. Just so with a 
low grade or gasoline. If properly vaporised it 
will work fairly well, otherwise carbon deposit 
and smoke will be the result, (see page 205.) 

High gravity gasoline may be compared with 
hard coal. It is very easy to get the proper mix¬ 
ture of air with the high gravity gasoline, be¬ 
cause it is so very “volatile*’—meaning: there 
is more vapor, and less vaporising is necessary 
and will “carburet" more readily; therefore it 
will work satisfactory in most any carburetor 
construction. Just so with hard coal, it will burn 
with less smoke and produce an equal amount of 
heat even though you burn it in an open shovel, 
and makes very much less smoke and carbon. 

On stationary and high duty marine engines 
as low a gravity of fuel is used, as kerosene and 
oil, but before it can be used it must be “vapor¬ 
ised." 

A correctly heated carburetor runs on less 
gasoline than an unheated one, therefore a 
closer adjustment of the gasoline needle 
valve or a smaller jjet is necessary. 

An engine requires more gasoline In win¬ 
ter than in the summer as the gasoline does 
not vaporize and readily mix with the air 
until warm. 

If Intake manifold la heated with water, the 
temperature is not so liable to cause overheating, 
as the temperature seldom goes above 170 to 200 
degrees, especially if a thermostatic principle is 
used as per fig. 2, pages ISO and 187. 

When Intake manifold la heated by exhaust, the 
temperature is liable to increase to a high degree, 
when engine is run continuously for a long period. 
The latter system however, will heat the mixture 
quicker than the water system, when engine is 
cold. Therefore means for admitting cool air per 
figs. 1 and 3, page 159, and some means for cut¬ 
ting ofT the exhaust gases to manifold jacket ought 
to be provided, for long runs. 

weather. 
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Fig. 1.—When Engine is first Started by hand 
or by a self-starter, the initial charge of gas must 
be drawn into cylinder. After it is compressed 
and exploded or ignited, the engine will then con¬ 
tinue to run. Note the starting crank releases after 
engine is started. 



Fig. 6.—The •'Tickler” Prim¬ 
ing Method: p ishing the float 
down admitting more gasoline. 

DIFFICULT STABTINQ IN WINTEB. 

On a Cold Morning, after Engine and all parts have 
Become Chilled, we find that with the ordinary grade of 
gasoline now in use, the gasoline does not vaporise readily 
until it is heated; therefore, consideranle cranking of the 
motor is sometimes necessary in order to ignite the cold, 
damp, unvaporised gasoline. 

There are Several Methods of Overcoming this; one 
being to use a higher grade of gasoline, but even with the 
higher grade, which is difficult to obtain, on a real cold 
day the starting will be somewhat difficult, with some makes 
of carburetors. 

A plan quite often used is to have a small machine oil 
can filled with gasoline, which is squirted into the cylin¬ 
ders through the pet cocks, which are usually placed in 
the head of the cylinder. By injecting a small quantity of 
gasoline into each cylinder, then closing the pet cocks, this 
will give the engine its initial charge, and will often 
start the engine without further trouble. (See Fig. 2.) 

Another Method Is to open the Gasoline Adjustment 
Needle Valve Several Turns before Cranking; this method 
is not advisable, however, because this adjustment valve 
is a very sensitive adjusted part of carDuretor, and will 
throw the proper working of carburetor out of order after 
engine is heated up. If this method is employed be sure 
and mark a notch on the head of the valve, so that it can 
be turned back to its original adjusted position (Fig. 3). 

Becent Improvements in carburetors to make a motoT 
“easy starting” consist of a mechanism which connects 
with the main air inlet and the auxiliary air inlet of the 
carburetor, which ploses these openings while cranking. 
This method causes the suction of the piston to draw into 
the cylinders a quantity of gasoline, which gives the same 
effect as if squirted in with the oil can. (See Fig. 4.) 

The Usual and Common Method is to connect a wire or 
rod to a damper placed in the main air intake. When 
starting is difficult close the damper. (See Chart 79.) 

In Either Method Explained, Bemember that a Good Hot 
Spark must be provided in order to ignite this raw gaso¬ 
line, because it is harder to ignite when cold than after 
it is warmed up. 

It is also Advisable to be sure that no other trouble is 
the cause of the engine not starting, ror instance a leak 
around the intake pipe, leaky float or some obstruction in 
the pipe. 


I top or cyunokr. i 

Fig. 2.—Priming by pouring gasoline 
in top of cylinder, through pet cocks. 



Fig. 3.-—Priming carburetor, turning 

adjusting screw. 

CVwJ MTHLAfir >. s 

M INTAKE. A f 


MAIN MR 
INTAKC\ 


Fig. 4.—A Damper is Provided in the main air 
intake pipe. When closed the suction of gaso¬ 
line is more than air Sometimes the tension 
of the spring on the auxiliary air valve Is regu¬ 
lated from the dash or steering post. This 
regulates the feed of gasolene or air. 


Fig. 5.—The oil can 
primer where gasoline Is 
injected into manifold— 
simple and * effective 
when other methods fail. 

Fig. 7.—A home 
made primer; a 
| | %" glass body 

| m oil cup of gas an- 
gins type la used. 



, owvJS eng. 10 .— The 

^ m spray primer; a 

small injector 

ro mum mahwold pump. The suo- 

jaA 11 tion part of pump 

B7) is connected to 

aPI the gasoline sup- 

pipe hetweuu 

the tank and ear- 
buretor. The 

ro gasoline sowral nects to fanka 

manifold; one stroke of plunger sprays a charge 
into the manifold. Imperial Brass Co., Chicago, 
manufacture a pump primer of this type. 


CHART NO. 77—Different Priming Methods. (Also see Chart 7 8 for Electric Primer.) 

Bee page 159, for “choker” method, which is the approved method for priming. *A priming wrinkle whlck ess 
be used in connection here, is to have an auxiliary tank on dash under hood—about 1 pint or quart size and fll 
with high gravity gasoline and use for priming mixture. 
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Fig. 1.—Hot water heating of carburetor: The 
usual method of connecting the hot water to the 
carburetor water jacket is to connect the upper 
water connection to cylinder water jacket or pipe, 
and lower one to suction end of pump (between radi¬ 
ator and pump). See that the connections are made 
in such a way that water will drain out of the car¬ 
buretor jacket when system is drained. Place a 
ahut off cock in the line for use in extremely hot 
weather. • 



Pig. 2. — Exhaust 
gases heating of car¬ 
buretor: The exhaust 
gases from the ex¬ 
haust pipe can be 
carried to the car¬ 
buretor water jacket, 
by tapping the ex¬ 
haust pipe and con¬ 
necting a flexible or 
eopper tube to water jacket. It is advisable to 
use as large a pipe as possible—say % inch, as it 
has a tendency to clog up. The other opening of 
water jacket is left open by a copper pipe connec¬ 
tion extending to lower part of engine for emission 
of gases. 




F \G,5 


Fig. 6—Buick'8 exhaust heating of mixture. Note 
the exhaust manifold which adjoins the inlet mani- 

j-H-— fold (IM). The lower 

h- — . j part of exhaust manifold 

(hot air chamber) is di¬ 
vided from the exhaust 
(above). Air passes 
through lower chamber 
which is heated. Hot 
air is also drawn into 
jacket around upper part 
of carburetor by flexible 
tube connection (FT). Also see page 179, Marvel 
carburetor which is used on the Buick. 

___... Pig. 4 — Franklin 

exhaust method of 
^ heating the mixture. 

Note jacket which 
encloses intake mani¬ 
fold through which 
exhaust gas passes. 
A cut off is provided 
when engine becomes 
very warm. Pi and 
P2 pipes are lgft 
open. 




Fig. 1A—Hot water heating of mixture as em¬ 
ployed on the Oldsmobile 8 cylinder V type engine. 

Note the hot water circulates 
through a jacket around 
the inlet manifold. This 
principle is more effective 
than heat around the car¬ 
buretor. Exhaust heat can 
be passed through this jack¬ 
et instead of hot water, , 
which will heat the mix¬ 
ture quicker. (see also 
pages 82, 155 and 158.) 

water heated intake 
manifold. 




Fig. 8.—Electric Primer. 


Fig. 8—Heating the priming mixture electrically; 
a pipe connects with gasoline supply. Primer is 
screwed into inlet manifold. Suction of piston 
draws in raw gasoline. An electric heating coil 
connected with battery heats the gasoline as it 
passes into manifold. (New Tork Coil Oo.. 888 
Pearl St.. N. Y.) 



Fig. 9—“Hot-spot” heating of mixture by plac¬ 
ing the exhaust manifold adjoining the inlet mani¬ 
fold, but only as part of the inlet manifold is 
heated; the upper part. The idea here, is to pre¬ 
vent condensation of fuel. The liquid particles, 
when they reach the top of the vertical passage, 
do not swing to the left or right with the gas, but 
go straight, since they are heavier, until they strike 
the hot spot. 


CHART NO. 78—Methods of Heating the Carburetion Mixture. 


See page 744 for a home-made heated inlet manifold,ind page 735 for “air and water” injection. 
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C&rburetion Heating Methods. 


Hot water heating (see page 157) is 
probably the most efficient for heating the 
mixture for reasons stated on page 155. 
When engine is cold after standing all night 
the water does not heat as quickly as if ex¬ 
haust gas heated, but when engine is run 
and warmed up and left Standing, the 
water will remain warm for sometime and 
will quickly heat again. Therefore a water 
circulation around carburetor and inlet 
manifold with a temperature regulator 
(figs. 1 and 3, page 159) is a very good 
system. Water heating system can only 
be used with engines using a force or pump 
water circulating system (see insert No. 3). 

Exhaust gas heating (see page 157) is 
the quicker method for heating the mixture, 
but overheating may occur. See page 155. 
The exhaust gases can be passed around the 
carburetor also jacket around the inlet 
manifold. For connecting the exhaust pipe 
with inlet manifold jacket a % flexible 
pipe with at least a %" opening should be 


used. For an outlet a copper pipe with % 
or %" opening should be connected and 
carried to bottom of engine to emit the gas. 

Warm air may be drawn into the main 
air supply by means of a flexible pipe con¬ 
nection and hot air drum or stove as per 
page 159, in order to heat the air as it is 
drawn into carburetor. It is advisable that 
a temperature regulator be provided so 
cooler air can also be drawn in after engine 
is warmed up. 

Priming by “choking” the air supply. Is 
the method now used to a great extent for 
starting, whieh usually consists of a valve 
in the warm air supply which can be en¬ 
tirely closed thereby causing an increased 
suction of gasoline. 'After engine is started 
the choke or valve is gradually opened as 
engine is warmed up, at which time as mneh 
air as possible to prevent missing, is pro¬ 
vided. Priming should be done sparingly, 
(see page 205). 


Carburetor Attachments. 


The inlet manifold is attached to the cyl¬ 
inder as explained on pages 159, 160, 164. 

The carburetor can be placed vertically 
or horizontally, per figs. 4, 5, page 160. 

On eight and twelve “V” cylinder en¬ 


gines, a duplex type of carburetor is used 
and is placed between the cylinders to one 
inlet manifold. See fig. 1A, page 167. 

Air control devices and hot air attach¬ 
ments, see pages 159 and 157. 


How To Determine S 

The size of the carburetor should be de¬ 
termined by the area of the valve opening 
on the engine and not by the cylinder dis¬ 
placement, as the former is a true measure 
of the engine capacity. A carburetor can¬ 
not deliver more charge to a cylinder than 
the area of the valve opening will allow 
to pass. 

A large carburetor with too much pas¬ 
sage area cannot cause an engine to deliver 
more power than it would with one having 
a passage equal in area to that of the valve 
opening. Too large a carburetor would not 
only waste fuel, but reduce the power of 
the engine by furnishing a weak mixture. 

If the carburetor Is too small the engine 
will not develop its rated power, as it 
could not deliver a full charge at high 
speed. 

When a carburetor is small for the en¬ 
gine, it becomes very cold while in opera¬ 
tion as the amount of heat necessary to ef¬ 
fect the vaporization of the gasoline is more 
than is available from the entering air or 


s Carburetor To Use. 

than could be secured through the metal 
carburetor by conduction. The temperature 
of the metal part of carburetor becomes so 
low that water condenses on it, and, in 
some cases, is in the form of frost. These 
• results are produced by the use of a car¬ 
buretor too small for the engine. To meet 
these conditions, some makers provide means 
for heating the air supply, as previously 
treated. 

It follows that the carburetor of proper 
size should have its passage area equal to 
the valve opening of the engine. In mul¬ 
tiple cylinder engines this area is equal to 
the valve opening multiplied by’ the number 
of suction strokes which takes place simul¬ 
taneously, determined from the sequence of 
cranks, also see chart 81. 

It will spell failure to fit a carburetor 
with a large jet and opening, to an engine 
in which the exhaust closes very early, be¬ 
cause, the surplus gas cannot be expelled as 
completely, as with an engine having a very 
late closing exhaust valve. 


The usual fuel for automobile engines is 
gasoline. Gasoline is distilled from min¬ 
eral oil (petroleum). 

When petroleum Is heated. It gives off gases 
just as water, when heated, gives off steam. When 
these gases are cooled, they become liquids, and 
are called gasoline, kerosene, benzine, naptha, etc. 

The chief difference between them is their 
‘ ‘volatility.* * When a liquid turns to vapor, or 
gas, it is said to be “volatile.” 

Temperature makes a great difference in the 
volatility of liquids; for instance, thick, heavy oil 
is not volatile at the ordinary temperature or the 
atmosphere, but is volatile when heated. 

Gasoline is very volatile at the ordinary tem¬ 
perature of the atmosphere. It is so volatile that 

*See page 205. See page 160 and index, on 


it must be kept in air-tight tanks, for it would 
entirely evaporate if left exposed to the air. Be¬ 
cause of this volatility, gasoline must be handled 
with care to prevent fires and explosions. It 
should never be handled near an open flame. 

•Results of using low gravity gasoline: A low 
grade of gasoline will produce poor results in any 
carburetor. Difficulty in starting is the main dis¬ 
advantage in its use as it is not as volatile as a 
high gravity. 

Inferior, or too much gasoline is generally indi¬ 
cated by a black smoky tichaust and disagreeable 
odor. 

When a low gravity of gasoline is used some 
method for vaporising must be employed, as ex¬ 
plained on page 155. 

use of kerosene. 
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An Ideal Heating System. 

Fig. 10.—Combination of beating the mixture . 
and beating tbe air; exhaust manifold adjoins the 
inlet manifold which beats the mixture as It 
enters cylinders. Warm air is drawn around 
upper part of carburetor, admission of whlob 
is controlled by throttle which keeps upper part 
of carburetor warm. Warm air is drawn in main 
air supply which beats tbe air. A temperature 
regulator controlled from dash, admits cool air 
into main air supply when engine is thoroughly 
warmed up. 

' For starting, the lower air opening of carbure¬ 
tor can be closed entirely which “chokes” the 
air and causes gasoline to be drawn into cylin¬ 
der until engine starts. This system is used on 
the Nash trucks and is an Ideal system. 


Air Heating Methods. 


In chart 78 methods of heating the mixture as it passed into combustion chamber of cylinder was 
treated. We will now take up methods of heating the air. Also for “choking” the air entrance, to supply 
a priming mixture for starting. 



Hot Air Dcvloa. 

Fig. 1—Illustrates 
a modern principle of 
heating the air as it 
is drawn into the 
main air supply 
opening of carbure¬ 
tor. A hot air 
drum, also called a 
“stove,” is fitted 
around the exhaust 
pipe. Not close but 
placed so that air can 
be drawn in where 
arrows indicate. A 
flexible tube then 

S ermits the air to 
ow to air opening 
of carburetor. 


Fig. 1.—Showing how warm air 
is drawn into carburetor. Also 
how “choker” or air valve cuts 
off the air supply causing gaso¬ 
line to be drawn into cylinder. 

z 


Fig. 2. — A temperature 
regulator or “air valve” 
used on the Zenith car¬ 
buretor. 





Fig. S.—Temperature regu¬ 
lator used on the Holley 
carburetor. 



Fig. 4A. — l'ash type air 
control. 


Fig. 4. — Steering column 
air control. 


A valve is provided, called the “air valve,” also called a “damper” 
or “choker,” which can be opened or closed by the “air regulator” 
lever, usually placed on the steering column or dash. This lever oper¬ 
ates a butterfly type of valve in the air opening of carburetor. 

Choking Air Supply to Start Engine. 

When starting engine, this air valve Is closed which cuts off the air 
supply to carburetor and causes an Increased suction of gasoline to en- 
ter cylinder (or an extremely rich mixture). This gives the initial 
priming for starting. Immediately engine is started, the air valve is 
slightly opened to admit air. As engine becomes warmed up the air 
valve is opened more and more until full open, or where engine runs 
without missing or jerking which is common during cold weather. It 
is well known that engines will miss when first starting, due to tbe 
gasoline particles being unevaporated, due to lack of heat, but after 
engine is warm the gasoline becomes vaporised and the engine runs 
without missing. *The idea is to run on as much air as possible at all 
times, therefore open the air valve to the point where missing will not 
occur. 

With this principle warm air will be drawn Into carburetor at all 
times the air valve Is open, but after engine is thoroughly warm and 
especially in summer, cool air can be drawn in—at opening “cold air.” 
This can be closed entirely in the winter or regulated by hand accord¬ 
ing to the weather. 

Temperature Regulator. 

Fig. 2.—Temperature regulator as used on the Zenith carburetor is 
shown in this illustration. It is placed on the air opening of carbure¬ 
tor. The air control lever or air regulator operates the “air lever” er 
“choke” valve (Y), admitting more or less warm air. 

The temperature of this warm air entering carburetor can be regu¬ 
lated by a band (Z) placed around the opening. The opening permits 
cool air to be drawn in and the use of this opening is governed more or 
less by the temperature. In summer, the opening (Z) is usually wide 
open, but closed more or less during cold weather. 

Another type of temperature regulator is shown In flg. S—it is the 
type used on the Holley carburetor. The principle is similar except, 
this opening (Z) is controlled from the dash. 

Inlet and Exhaust Manifolds. 

This subject is treated on pages 82 and 164, but a few words of ex¬ 
planation will be given here. 

The Inlet manifold is connected to the port openings of the i nlet 
valves. On a four cylinder engine it is only necessary to have two 
openings to the manifold as there are two inlet ports together (see 
fig. G, page 64 and fig. 1 above). The carburetor is then connected to 
the flange as shown above with cap screws. 

The exhaust manifold is connected in the same manner. Usually 
screw studs project from the cylinder and a clamp holds both the inlet 
and exhaust manifold in place. 

For an engine to run slow and pull hard it is necessary that packing 
joint between carburetor and inlet manifold and inlet manifold and en¬ 
gine port openings be absolutely tight, to prevent air leaks. See pages 
164 and 171. _______ 


CfHABT MO. 78-A—Methods of Heating the Air Entering Carburetor. Starting by ‘‘Choking ’ 9 th 
Air Entrance. 

‘See page 735 for a device for admitting water or steam and air into mixture in intake manifold. 
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Ford Carburetor. 

The illustration above is that of the model 
“Y” Kingston carburetor used on the Ford. Th ® 


Float Principle. 

When gasoline and air is drawn into cylin¬ 
ders by suction of piston, the float auto¬ 
matically lowers, thereby opening the float 
needle valve permitting more gasoline to enter 
the float chamber. When engine is not run¬ 
ning the float chamber fills up, causing the 
float to rise, thereby closing the float needle 
valve. This prevents more gasoline entering 
which would cause overflowing and dripping. 
If the float happens to become loose or low¬ 
ered more than intended, it would not cause 
the needle to cut off the gasoline supply— 
hence dripping would result, (note dotted 
lines indicate the gasoline level.) 

Priming Method. 

The damper or “choker*• or “primer 1 * 
method for priming or feeding the engine 
more gasoline for starting in cold weather, 
is operated by closing the damper or “air 
valve . 99 This is used principally during pold 
weather. See Ford carburetor, pages 798, 802. 


Heating the Air. 

The air is taken in at the “air-valve'* 
opening. A hot air pipe is shown connected 
which admits warm air to be drawn in from 
around exhaust pipe. This is a good example 
of how the air is heated before being drawn 
into cylinders. It will be noted that there is 
no auxiliary air valve on the carburetor. 

Heating the Mixture. 

This illustration (fig. 3) is that of the 
Wilmo exhaust heated intake manifold, de¬ 
signed for Fords and other cars. It is a good 


f■ * example of . method 
9 for heating the mix¬ 
ture just before it passes into cylinders. 

The carburetor connects with the lower, or inlet 
part of the manifold—exhaust is upper part, with a 
plate between. By completely vaporising the gaso¬ 
line no residue is left to seep into crank case to 
thin the lubricating oil. The Whittier Co., 1st NVL 
Bank Bldg., Chicago, Ill., mnfgrs.—who claim 40% 
increase in mileage on a Ford. 


The principle of using kerosene is similar to that 
of using low gravity gasoline. It should be heated 
in order to obtain vapor which will mix with air. 
Kerosene, being of lower gravity (thicker) than 
gasoline, it must be heated more. However the 


A Ford Kerosene Burning Carburetor. 


Fig. 2—A kero¬ 
sene carburetor 
for the Ford. 


is similar to that gasoline we are now being supplied with requires 
should be heated heat also and this principle will explain a very 
dll mix with air. good type of exhaust heated intake majnifold, which 
r (thicker) than would also be satisfactory for present day low 
e. However the gravity gasoline. 

. The hot-pin manifold, this particular one is termed, 

because the pins as shown, which are imside of the 
inlet manifold, turn the wet gasoline or kerosene 
. | W into a vapor as it strikes the hot pins. 

The inlet manifold is cast directly into the ex- 
Jui^M manifold, but of course, the exhaust gases do not pads into the 
intake manifold, but around it which soon warms the intake Lpanifold. 

To use kerosene it is first necessary to use gasoline to start J>n. There¬ 
fore with this system there are two carburetor bowls. On p/ on the left 
iB for gasoline, and one on the right for kerosene. The engj*ne is started 
uu gasoline, from a small auxiliary gasoline tank with whr ch it is con¬ 
nected. After starting on gasoline and running for a fetvr blocks, in 
order to give manifold time to heat, the gasoline is cut off a*nd the kero¬ 
sene side of carburetor is turned on. An operation controlled by a spe¬ 
cial designed throttle lever. Manufacturers are Kerosene % Burning Car¬ 
buretor Co.. 2015 Michigan Ave., Chicago, Ill. 


CHART NO. 79—Principle of Carburetor Action and Hot Air System for the Ford. 
Heated Manifold. A Ford Kerosene Carburetor—see also pages 827, 754. 

Another Kerosene Carburetor Mfgr. for a Ferd is Kerosene Motor Co., Peoria, Ill. 


9 Wilmo F.xhamt 
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-continued from page 158. 

A test by band: To ascertain bow near kero* 
•one you are getting, pour a little gasoline in the 
hand. When it evaporates slowly and leaves a 
greasy deposit, it is a very low grade. When it 
evaporates rapidly and leaves the hand dry and 
olean, it is a higher grade. This furnishes a fairly 
reliable test. 

Testing gasoline with a hydrometer was the 
method used a few years ago. It was used as 
follows: Fill the glass tube with the gasoline, 
insert the hydrometer, which will float. The grav¬ 
ity of the gasoline is determined by the depth 
the hydrometer sinks in it. A scale is graduated 
on the upper portion of the hydrometer and the 
level of gasoline indicates the specific gravity. 
The scale usually runs from 60 to 80. Gasoline 
nnder 60 test ought not be used. It averages 
about 64 to 68 and the better grade 72. 

Gravity is no longer an accurate test of 
the merits of the fluid, the only really accurate 
test being from a maximum and minimum boiling 
point. It is, of course, not practical for the aver¬ 
age owner to make such tests and the best rule 
is to purchase from a reliable distributor, who 
handles goods manufactured by responsible dis¬ 
tillers. 

Most of the gasoline today sold for motor car 
use differs from that of several years ago in that it 
is not all of one grade, but is a compound or blend 
of the different petroleum elements; some of it be¬ 
ing very light and volatile, while about one-fourth 
of it may have a boiling point higher than that of 
water, and is correspondingly difficult to convert 
into a vapor. 

To use this fuel It Is necessary that the whole 
carburetor and Intake manifold system be thor¬ 


oughly heated. Without this heat the carburetor 
setting will have to be changed and made richer 
than necessary, while the extra heavy part of 
the fuel, not vaporised, will burn slowly in the cyl¬ 
inder, forming carbon, sooting up spark plugs, 
etc. 

There is, of course, a period of time just after 
starting the engine cold, when the rich mix¬ 
ture will be necessary (and can be furnished by 
the dash control), but the control should be re¬ 
leased as soon as the engine becomes warm. 

It is also advisable, while the engine Is cold, 
to avoid opening the throttle full, as the fuel va¬ 
porises much more readily in the suction or partial 
vacuum which exists in the manifold while the 
throttle is partly or completely closed. 

In very cold weather it is advisable, instead 
of readjusting the carburetor or using the dash 
control continuously, to cover part of the radia¬ 
tor surface so that the normal temperature is 
maintained under the hood. 

In some parts of the country there is so great 
a range in the constituents of the gasoline sold 
that the lighter or more volatile fractions may,* in 
warm weather, boil in the carburetor, under nor¬ 
mal operation of the csr. In this case, the hot 
air supply to the carburetor may be disconnected, 
while care should be taken that the gasoline supply 
line from the tank to the carburetor does not ap¬ 
proach the exhaust pipe, cylinder walls or other 
heating influence. 

If ths gasoline should catch lire, do not try to 
put it out with water, for as the gasoline will float 
on water, it will only spread the flames. Damp 
sand, flour or a wet blanket will smother the fire. 


♦Low Gravity vs. High Gravity Gasoline. 


The proper gravity of gasoline to use is gov¬ 
erned by conditions. In the summer a low grav¬ 
ity vaporizes much easier than in the winter; 
therefore the engine starts easier. 

A great many claim the low gravity gives as 
good or better results than high grade—probably 
ft does, as there are more fheat units per gallon, 
but as a matter of easy starting and absence from 
carbon deposit, the high gravity is preferable, un¬ 
less the carburetor has been properlv adjusted 
and priming and heating methods provided, (see 
page 155.) 

With the high gravity we have a high * 'flame” 
rats (mixture burns rapidly), whereas, with the 
low gravity we get a higher combustion heat, but 
slowsr “flame” rate, with a high flame rate 
the mixture burns rapidly—pressure rises quickly 
and imparts a powerful push at commencement 
of stroke, but falls away equally quick as the 
stroke progresses. 

With low gravity gasoline, the reverse occurs. 
The explosion generates slowly and does not im¬ 


part a violent shock, but with a retarded flame 
rate, the pressure predomniates through a much 
greater proportion of the stroke. The results 
are obvious, with high speed, as racing, the high 
gravity is best. For medium speeds, where 
steam-engine like power is required, combined 
with fuel economy, low gravity is best—provid¬ 
ing the carburetor has been readjusted for the 
low gravity fuel and proper heating arrange¬ 
ments provided. 

Owing to the great amount of carbon in low 
gravity gasoline it is very necessary that the car¬ 
buretor be properly adjusted. 

The starting will bo more difficult with low 
gravity, but with the use of a primer and hot air 
arrangement, this trouble can be overcome. 

It Is a well known fact that an engine, Espe¬ 
cially an old one with loose bearings and sl a ck 
pistons, will ran much more quietly on low grav¬ 
ity gasoline. The reason is due to the slow 
flame rate; the pressure is gradual on th6 pis¬ 
ton head and presses rather than slams. 


Fuel Troubles. 


Water In gasoline: Is indicated gen¬ 
erally when the engine runs irregularly and 
finally stops. This, will often prevent start¬ 
ing of the engine. Water is frequently 
present in gasoline, and particularly when 
the tank is low, is liable to get into the 
pipes and carburetor. The drain cock at 
the bottom should be opened occasionally to 
let off the water. 

In cold weather, this water is liable to 
freeze, preventing the action of the car¬ 
buretor parts. Ice in the carburetor can be 
melted only by the application of hot water, 
(or some other non-flaming heat), to the out¬ 
side of the float chamber. 

Gasoline ought to be strained: Many 
carburetor troubles would be avoided if 
more care were taken to free gasoline of all 
dirt before its entrance into the tank. 


When filling the tank use a strainer funnel; 
chamois skin makes an excellent filter; if a 
wire gauze be used it should have a very 
fine mesh. In the absence of a strainer, 
funnel or chamois use three or four layers of 
fine linen fitted inside an ordinary funnel. 
Never use the same funnel for both gasoline 
and water. (See chart 80.) 

Old gasoline: Left in carburetor for some 
time, when car is not in use, will lose its 
strength. If the engine should not start 
easy, then drain the float chamber. 

A strainer should be on all gasoline tanks 
or lines as water and sediments being 
heavier, always settle at the bottom. 

Addresses of carburetor manufacturers 
classified under the type carburetor they 
manufacture is given on page 162. For 
detail information catalogs are of value. 


*It is important that the low gravity gasoline be heated. otherwise condensation takes place in cyl¬ 
inders, see page 205. fSee pages 861, 909, meaning of B. T. U. 
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CRACKED 

'KLAwGE' 


|- *7T - — Gasoline TmUn. 
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*wnH* The tank of a fuel system is always provided with a small kola 

Jg£ jMjJi I usually drilled through the filling cap, by which air may enter to replace 

I I the gasoline as it is drawn off. 

H this hole becomes clogged with dirt the gasoline in flowing out 
^ will tend 40 create a va cuum, and the flow will stop. 

^=J ■* The outlet pipe should project slightly above the bottom of the tank. 

so that water and dirt may settle, and not be carried to the carburetor—a 
filter screen should also be provided. Gasoline drips from carburetor—see 

a I page 166. 

kd Leaks In tank. Minute leaks of the fuel tank are hard to locate bs- 
JE' cause the gasoline evaporates so quickly and the amount is too small to 
detect readily with the naked eye. Where one is thought to exist it ess 
be located by placing your finger over the leak and telling by the gaso¬ 
line odor. 

~ Gasoline feed pipe connections should use special unions as shows 

in fig. 6 . The threads are very fine and can easily be crossed. There¬ 
fore use precaution to not “cross thread" when joining a gasoline pipe . 
coupling as at (A), In B the threading is straight and correct. I 

Gasoline rots rubber rapidly and should not be conveyed through a rubber hose, nor should joints be 
packed with rubber. Shellac or soap may be used when screwing joints together, as it helps to make 
them tight. 

Draining and straining: The lowest point of the gasoline line is usually at the carburetor and should 
have a cock or plug so that the system may be drained. There is usually a strainer in the feed pipe. 1 

consisting of thickness of brass wire gauze through which the gasoline flows. This strainer is often built J 

into the carburetor, and may be withdrawn for cleaning by unscrewing a plug. As the carburetor is 
always placed at the lowest point of the feed pipe, impurities will settle in it, and in the best form, 
there is a plug that may be unscrewed to permit the parts to be easily cleaned. Fine steel wires should . 
be carried in the kit, for cleaning the fine passages. 1 

Water vs. gasoline: To prevent water getting in the gasoline tank; strain through a chamois. 

It is said that when gasoline runs through a chamois strainer in the funnel, it generates static elec- I 
tricity. So long as the funnel fits securely into the mouth of the tank, thus creating a “ground," the 1 
electricity does not accumulate. If the funnel is held in midair, free of the sides of the tank, no i 
"ground" is formed. Consequently when the amount of electricity is sufficient to produce a spark, that 1 
■park jumps to the nearest “ground." Do not put gasoline through a chamois skin unless funnel is 
grounded. Water in gasoline in the winter will freeze and clog up the flow. 

▲ broken gasoline pips has been fixed temporarily when out on the road by cutting off about two . 

inches of the gas pipe tubing and placing on each end of the broken pipe and wrapping it well with tape 

(per fig. 2 ). Don't permit the rubber tubing to remain on very long as it will last only a short while 
and will clog up the gasoline pipe. 

IClssing: If engine persists in missing avd is not the fault of ignition, then look for air leaks in the 
inlet manifold (per figs. 3 & 4), examine gaskets and cracks in the intake casting—providing the trouble ■ 
is not in the ignition. 

' Leaks in the intake pipe gasket is a very common cause for missing at low speeds, and is best de¬ 
tected by letting the engine run at the missing speed. Take a squirt cau full of gasoline and squirt aroond 
all the intake pipe joints. If you detect any difference whatsoever in the running of the engine there is 
a leak. 

Oracked flanges can be repaired by having welded by oxy-acetylene process. See page 164 for kind of 
gasket to use. 

Carburetor Manufacturers* Address. 


Mnfgr's of Compensating Jet Type Carburetors. 
Stromberg. ..Stromberg Carburetor Oorp.. Chicago. 
Sunderman. ..Sunderman Oorp., Newburgh. N. Y. 

Fletcher.L. V. Fletcher A Co., New York. 

Longuemare.. Longuemare Carburetor Co.,New York. 

Zenith.Zenith Carburetor Co., Detroit. 

Marvel.Marvel Carburetor Co., Flint, Mich. 

Holley.Holley Bros. Co., Detroit. 

Miller.Miller Carburetor Oorp., Los Angeles, 

Ball A Ball... Penberthy Injector Co., Detroit. 

Johnson.Johnson Co., Detroit (used by Reo). 

Tillotson.Tillotson Carburetor Co.. Toledo. 

Juhass Carburetor Co., 244 W. 49th St., N. Y. 

Mnfgr's Metering Pin Type Carburetors. 

Bayfield .Findeisen A Kropf Mfg. Co., Chicago. 

Sehebler .Wheeler A Sehebler, Indianapolis. 

Tom Thumb. .National Equipment Co., Chicago. 


Stewart.Detroit Lubricator Co.. Detroit. 

Heath.M. K. Bowman-Edson Co., New York. 

Webber.Webber Mfg. Co., Boston. 

HA N.H A N Carburetor Oo., New York. 

Newcomb.... Holtcer-Cabot Co., Boston. 

Shakespeare.. Shakespeare Co., Kalamazoo, Mich. 
Mnfgr’s of Air Valve Type Carburetors. 

Kingston.Byrne, Kingston A Oo., Kokomo. lad. 

Zephyr.Federal Brass Works, Detroit. 

Breeze.Breeze Carburetor Co., Newark. N. J. 1 

Shain.C. D. Shain, Brooklyn, N. Y. 

K-D.K-D’ Carburetor Co., Cleveland. , 

Ensign.Ensign Carburetor Co., Los Angeles. I 

Air Friction. .Air-Friction Carburetor Co.. Dayton, 0. 
Mnfgr's of Expanding Type Carburetors. I 

Master.Master Carburetor Oorp., Detroit. 

Carter.Carter Carburetor . Co, St. Louis. 


OHABT MO. 80—Gasoline Feed Troubles (see chart SI-A for the modem vacuum and pump, and 
gravity feed systems) Address of Carburetor Manufacturers above. See page 543 for cars udi| 
the different makes of carburetors. 

A gauge to Indicate the amount of gasoline in the tank is shown on page 823. 
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Gasoline Feed Methods. 

There are five systems: (1) gravity; (2) sure; (4) gravity and pumping; (5) gravity 
pressure; (3) combined gravity and pres- and vacuum, (see page 164.) 


The Stewart Vacuum and Gravity System. 


Is explained on page 165. A- few pointers as 
to the installation and care will be given here. 

Installation. 

The top of vacuum tank must be above level of 
gasoline in main gasoline tank when full, even 
when car is going down steep grade. 

The bottom of vacuum tank must be not less 
than 3 inches above carburetor, copper pipe 

is nsed. 

Do not install directly over generator or wiring 


terminals, on which ga&dline could leak. 

Never tap through a water jacket If Intake 
manifold Is provided with one. Always tap in¬ 
take manifold at point as close to the intake of 
one of the cylinders as possible. Be careful in 
bending tubing. The air vent must be placed at 
as high a point as possible under the hood. Best 
location for tank is on engine side of dash. 

On 8 or 12 cylinder, “V” type engines with 
two inlet manifolds, a “Y" connection is made 
at (D) on top of tank and both manifolds tapped. 


Care and Repair of Stewart SyBtem—page 165. 


Vent Tube Overflow. 

The air vent aUows an atmospheric condition 
to be maintained in the lower chamber, and also 
serves to prevent an overflow of gasoline in de¬ 
scending steep grades. If once in a long while 
a small amount of gasoline escapes no harm will 
be done, and no adjustment is needed. 

However, if the vent tube regularly overflows, 
one of the following conditions may be cause: 

(a) Air bole in main gasoline tank filler cap 
may be too small or may be stopped up. If the 
hole is too small or if there is no hole at all, the 
system will not work. Enlarge hole to ft inch 
diameter, or clean it out. 

(b) Vacuum tank may not be installed quite 
high enough above carburetor. If bottom of tank 
is not 3 inches above carburetor, raise the tank. 

Gasoline Leakage. 

If gasoline leaks from system, except from vent 
tube, it can only do so from one of the following 
causes: 

(a) A leak in outer wall of tank may exist. 
If so, soldering up the hole will eliminate trouble. 

(b) Carburetor connection in bottom of tank 
may be loose. If so, it should be tight. 

(c) There may be leak in tubing length D or 0. 

Failure to Feed Gasoline to Carburetor. 

This condition may be due to other causes than 
the vacuum system. To tost; after flooding the 
carburetor, or "tickling the carbhretor,* ’ as it is 
commonly called, if gasoline runs out of the car¬ 
buretor float chamber, you may be sure that the 
vacuum feed is performing its work of feeding 
the gasoline to carburetor. 

Another test is to take out the inner vacuum 
tank, leaving only the outer shell. If you fill this 
shell with gasoline and engine still refuses to run 
properly, then the fault clearly lies elsewhere and 
not with the vacuum system. 

If the trouble of failure to food Is in the vacuum 
one of the following may ho the cause: 

(a) The float (G), which should be air-tight, 
may have developed a leak; thus filling up float 
with gasoline and making it too heavy to rise 
sufficiently to close vacuum valve. This allows 
gasoline to be drawn into manifold, which in turn 
will choke down the engine. 

(b) Flapper valve may be oat of commission. 

(c) Manifold conenctions may be loose—allow¬ 
ing air to be drawn into manifold. 

(d) Gasoline strainer or tubing clogged up 
(below K, flg. 2, page 165). Look to this first. 

Remedies for Above Troubles. 

(ft) To repair float; remove top of tank (to 
which float is sttaohed). Dip the float into a pan 
of hot water, in order to find ont definitely where 
the leak is. Babbles will be seen at point where 
leak occurs. Mark this spot. 

Next, punch two small holea, one in the top 
and the other in the bottom of the float, to permit 
discharge of the gasoline. Then solder up these 
holes and the leak. Test the float by dipping in 
hot water. If no bubbles are seen, the float is 
air-tight. 

In soldering float, be careful not to use more 
solder than required. Any unnecessary amount of 
solder will make the float too heavy. 

To overcome the condition ef a leaky float tem¬ 
porarily until you can reach a garage, remove plug 


(W) at the top. In some cases the suction of 
the engine is sufficient to draw gasoline into tank 
even with this plug open, but not enough to con¬ 
tinue to be drawn into manifold. If, however, 
you are not able to do this, close up plug (W) 
with engine running. This will fill tank. After 
running engine until tank is full remove plug (W) 
until gasoline gives out. Continue repeating same 
operations until a repair station or garage is 
reached, when the leaky float can be remedied. 

(b) A small particle of dirt getting under the 
flapper valve (H), might prevent It from seating 
air-tight, and thereby render tank inoperative. 

In order to determine whether or not the 
flapper valve is out of commission, first plug up 
air vent; then detach tubing from bottom of tank 
to carburetor. Start engine and apply finger to 
this opening. If suction is felt continuously then 
it is evident that there is a leak in the connec¬ 
tion between the tank and the main gasoline 
supply, or else the flapper valve is being held off 
its seat and is letting air into the tank, instead of 
drawing gasoline. 

In many cases this troublesome condition of 
the flapper valve can be remedied by merely tap¬ 
ping the side of the tank, thus shaking loose the 
particle of dirt or lint which has clogged the valve. 
If this does not prove effective, remove tank 
cover, as described below. Then lift out the inner 
tank. The flapper valve will be found screwed 
into the bottom of this inner tank. 

To Fill Tank. 

To fill the tank, should It ever become entirely 
empty; with the engine throttle closed and the 
spark off, turn the engine over a few revolutions. 
This takes less than ten seconds, and will create 
sufficient vacuum in the tank to fill it. 

If the tank has been allowed to stand empty 
for a considerable time and it does not easily fill 
when the engine Is turned over, this may be 
caused by dirt or sediment being under the flap¬ 
per valve (H). 

Or, perhaps, the valves are dry. Removing the 
ping (W) in the top and squirting a little gaso¬ 
line into the tank will wash the dirt from this 
valve, and also wet the valves, and cauoe the 
tank to work immediately. This flapper valve 
sometimes gets a black carbon pitting on it, 
which may tend to hold it from being sucked 
tight on its seat. In this case the valve should 
be scraped with a knife. 

To Clean Tank. 

Remove the top of tank and take out inner 
shell or vacuum chamber. This will give access 
to lower chamber from which dust or dirt may 
be removed. Clean tank every three months. 

To Remove Top. 

After taking out screws, run the blade of a 
knife carefully around top, between cover and 
body of tank, so as to separate gasket without 
damaging it. Gasket is shellaced. 

Auxiliary vacuum pump; on some cars (Hud¬ 
son), a small hand vacuum pump is provided on 
dash, which if vacnum tank should become empty, 
it would not be necessary to tnrn engine over, but 
merely operate pump connected by check yalve to 
pipe 0, page 165, which will create sufficient 
vacuum to draw gasoline from main tank. 

Engine primer; see foot note, page 165. 


Additional polnton: suction valve (A) and atmospheric valve (B), flg. 2, page 165, can easily be 
ground if necessary. The spring (E) may be weak. There is a fibre washer at bottom of stem 
on float—this sometimes swells and causes trouble—always look for air leaks first—if tank will not fill. 
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Gasoline Feed System*. 

Fig. 1. —Gravity feed tank is placed above tk 
level of carburetor so that the gasoline flon 
from tank to carburetor by gravity. The task 
can be placed at any point on the c*r. Jut m 
it is above the level of carburetor. 

The disadvantage on large cars where task 
is not close to carburetor; when ascending bilk, 
or on the side of an incline the gasoline but 
fail to flow through pipe. 

Fig. 2. Pressure Feed—With this system tfca 
tank is placed in the rear and is air tight, i 
hand air pump is connected to obtain the initU 
pressure in tank. After engine is started the 
exhaust gases pass through check valve to task, 
creating a pressure, which forces the 
to carburetor. 

A small pipe is used for the exhaust 
The pipe being exposed to the air, the g 
cooled and prevent a flame. The cheek valw I 
prevents the gas passing back, as it can pass bat 
in one direction. 

Disadvantage—The pressure is liable to fr < 
terfere with the proper operation of the float* ! 

Fig. 3. Combined gravity and pressure feed— 
gasoline is forced by exhaust pressure from task 
to an auxiliary tank, placed above the level ef 
the carburetor—the gasoline then flows to car 
buretor by gravity. 

The auxiliary tank is small and is placed dew 
to carburetor, so the gasoline will always feed 
The modern gasoline feed system is explained 

in chart No. 81A. 

Carburetor Gaskets. 

When fitting a carburetor, a gasket must be 

S laced between the carburetor flange and th» 
ange on intake pipe. 

The best form of gasket la copper, interlined 
with asbestos. Multibestos or similar material 
can also be used and coated on each aide with 
shellac. Leather could also be used nere bet 
would not answer elsewhere, because it would 
get too hot. If material is used which has s 
rough edge, it is important to watch that noes 
of it gets into the carburetor pipe. 

At the point (D) whore inlet manifold csun 
the Inlet ports, a copper gasket must be used 
and drawn tight to prevent air leakage. Be 
sure there are no air leaks where carburetor 
joins the intake pipe, and where the intake pipe 
connects to the engine. 

The air inlet of the carburetor, if exposed U 
dust and dirt, should be placed so that dsst 
may not be drawn in. 

The inlet manifold, connecting the cn 
ts the inlet valve port chamber, should 
no resistance to the flow of the mixture. Sharf 
bends or turns will make it harder for the mix 
ture to pass. 

When fitting a carburetor be sure there Is as 
vibration, if there is, the result will probably 
be a broken flange as shown in chart 80. If * 
there is vibration, place a small iron hanger < 
from a nut on engine frame to carburetor, ts 1 
steady it and also to take strain off intake pips 

Inlet Manifolds. 

Engine manufacturers endeavor to make i ; 
manifold which will have the least number ef 
curves, and as straight and as short a path for the gas to travel 
through as possible. 

The ideal inlet manifold is easily specified. It is one in which 
no unnecessary resistance is offered to the flow of the mixture. 

An inlet manifold for a six cylinder engine which will deliver 
an equal mixture to each cylinder has been a problem with manofae 
turers. If the distance is too great the gas tends to condense. 

The inlet manifold in use today, is smaller in diameter thaa 
formerly, owing to the poor grade of gasoline. The fuel is harder 
to “break up” and will not vaporize readily—therefore it eeo 
denses and clings to the inner walls of manifold. By having 
smaller intake manifolds, the mixture is sucked through at a greater 
speed, which in a way prevents this condensation. 

With too large an Intake, using present low grade fuel, after a hard 
pull, the engine tends to “choke" and miss until' it runs p abort 
distance on a closed throttle. 

Water jacketed manifolds are now the approved method. 8* 
(lower illustration), page 82. On many engines the intake manifetl 
is cast right into the cylinder, (see also page 167.) 


H “ n - fiasnwjss* 4 “i 



Some of the methods which have been employed for 
six cylinder engine inlet manifolds. A modern construc¬ 
tion is shown in lower illustration, page 82. 

Garter Gasoline 
Pumping System. 

Instead of draw¬ 
ing gasoline to 
the tank by a 
vacuum, the dia¬ 
phragm pump (D) 

S umps the gaso- 
ne. E-connects 
with combustion 
chamber of cyl¬ 
inder by small 
copper pipe. 

Oompr e s s i o n 
causes diaphragm 
(D) to work in 
and the spring 
forces it back, 
causing a pump¬ 
ing action. 


OHABT NO. 81—Gasoline Feed Systems—simplified. Attaching the Carburetor. Inlet 

See index for “Air Pressure Gasoline Feed System.” * When air pressure Is used, if carburetor has a small fisfl 
_ th e pressure should not be over 2% or 3 lbs. With a larger float, the greater area will withstand more v*rir 
in pressure. 
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The Stewart Vacuum Gasoline System. 

Referring to upper Illustration it will be noted that gaso¬ 
line is fed by gravity to carburetor in the usual manner, by 
a gravity tank, which is combined with a vacuum system of 
drawing the gasoline from the main gasoline tank. In other 
words the same gravity principle of feeding gasoline to the 
carburetor is utilized but the auxiliary or gravity tank and 
the vacuum suction system is placed on the inside of the 
dash (usually) above and near the carburetor, so that the 
gasoline will feed to the carburetor at all times regardless 
of the angle or position of car. 

The difference in this system is that of drawing the gaso¬ 
line to this tank, as the main gasoline tank is below the level 
of the gravity tank. Instead of air being applied to the 
gasoline in the main tank to force the gasoline to the gravity 
tank, it is sucked by a vacuum process through pipe (D) to 
the vacuum chamber (12), thence it flows through trap or 
flapper valve (6) to the gravity tank, thence to carburetor. 

This vacuum is created by suction at intake manifold 
through pipe 0, connected at N.* We know that a great suc¬ 
tion takes place in the intake manifold when pistons are 
working. Therefore this suction iB utilized to create the 
vacuum as will be explained below. 

Principle of Operation. 

There are two chambers; the upper or vacuum chamber and the 
lower chamber or gravity feed tank. 

When there Is no gasoline in either chamber, the float and levers 
E and F, to which float is connected, closes the valve B which admits 
air into the vacuum chamber and at the same time opens the valve 
A connected with the suction pipe 0 which is connected with the 
intake manifold. 

If engine Is working, (by crank or power), a vacuum is then ere* 
ated in the upper chamber which closes the flapper H (by suction), 
thereby making upper chamber absolutely air tight, which creates 
a vacuum and causes the gasoline to be drawn from main gasoline 
tank to vacuum or upper chamber. 

As the gasoline enters upper or vacuum chamber the float rises, 
and through lever E and F, connected to float, the valve A to intake 
manifold is closed, thereby cutting off further suction and at the 
same time valve B is opened, which permits air to enter the vacuum 
chamber, through air vent tube. 

Air entering vacuum chamber causes flapper H to open which ac¬ 
tion permits the gasoline in vacuum tank to -flow into the lower 
chamber or gravity tank, thereby causing the float to lower as the 
gasoline flows out. 


As the float lowers, the operation of levers E and F is again brought into action, and valve A is 
again opened and B closed, which again causes H to close, and the vacuum and suction takes place again, 
as explained above. It will be noted that the lower chamber is always open to air circulation through the 
44 air vent tube,’* otherwise the gasoline would not flow by gravity to carburetor. 


•Note—although connection of pipe (0) Is shown in center of manifold at (N), the usual plan is to 
connect it near end of manifold, as the vacuum is greater at a point closer to one of the cylinders. 
Primer (14) above, is a connection used by some of the car manufacturers for connecting with hand 
pump on dash, similar to fig. 10, page 156, for priming engine to start during cold weather. 


CHART NO. 81-A—The Stewart Vacuum Tank and Gravity Feed to Carburetor. Manufacturex 
we Stewart-Warner Speedometer Corp., Chicago, 01. 
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INSTRUCTION No. 13. 

♦CARBURETOR ADJUSTMENTS; Parts to Adjust. Carbure¬ 
tor Troubles. Adjustments of Leading Carburetors. 


The principle of carboretlon is treated in 
instruction No. 12, and it will be advisable* 
to start at the beginning of the subject and 
master the fundamental principles before 
taking up the subject of adjustments in this 
instruction. 

Kerosene carburetors for marine and sta¬ 
tionary engines, are described elsewhere in 
this instruction (see index). And motor¬ 
cycle carburetors are described in Dyke’s 
Motor Manual. Ford carburetors are de¬ 
scribed under Ford instruction. 

A Few Words on Adjustments. 

First and most important thing to learn 
about any carburetor is to let it alone as 
long as it is working properly. Never tam¬ 
per with the carburetor until you are quite 
sure that it is at fault. 

Test engine for compression, see that there 
is a good hot spark occurring in each cyl¬ 
inder at the right time, and gasoline in the 
tank. The carburetor should be the last 
thing to touch. 

If the engine refuses to start, first flood 
the carburetor by holding down the tickler 
above the float chambr; if gasoline does not 
appear, look for a leak or an obstruction in 
the pipe; a closed shut-off valve or a dirty 
strainer. 

If the tickler shows gasoline in the float 
chamber look for trouble in the clogged 
spray nozzle. 

If the carburetor floods or leaks gasoline 
when the car Is standing, look for an ob¬ 
struction under the float valve or a leak at 
one of the connections. 

If the engine starts, but a “popping” 
noise occurs in the carburetor when the 
throttle is suddenly opened, it indicates a 
lean mixture. Open the needle valve slight¬ 
ly or put in a larger jet if there is no needle 
valve. 

If the engine runs sluggishly with a black 
smoke* at the exhaust, it indicates too rich 
a mixture. Close the needle valve slightly. 

If the engine refuses to idle properly, or 
lacks 44 ginger’* or 44 pep** at the. higher 
speed, close the air adjustment slightly, and 


if not already too rich at low speed, the 
gasoline needle valve may also be opened 
slightly by turning to the left. 

Parts to Adjust—Air Valve Type. 

The three principal parts of a carburetor 
used for making adjustments are: the aux¬ 
iliary air valve, the gasoline needle valve 
and the float mechanism. 




Some carburetors do not have auxiliary 
air valves, but depend upon the main air 
supply opening and a 4 4 gasoline needle 
valve ’ 9 for adjustment. For instance; the 
Kingston Model 44 Y” on the Ford (page 
160); the usual method of adjusting this car¬ 
buretor is to start the engine, advancing 
the throttle lever to about the sixth notch 
with the spark retarded. 

The flow of gasoline should now be cut 
off by screwing down the needle valve un¬ 
til the engine begins to miss-fire; then 
gradually increase the gasoline feed by 
opening the needle valve until the engine 
picks up and reaches its highest speed, and 
until no trace of black smoke comes from 
the exhaust. Having determined the point 
where the engine runs at its maximum speed, 
the needle valve is left adjusted at this 
point. There are other carburetors which do 
not have 44 auxilia y air valves” or 44 needle 
valves 91 to adjust. This and other types will 
be explained further on. 


♦Float Troubles and Adjustments. 


When a carburetor drips this usually in¬ 
dicates the float or float valve mechanism is 
out of adjustment. This prevents the float 
needle valve from properly closing. For in¬ 
stance, the float may be loose, as shown in 


illustration, at the float screw, the gasoline 
then reaches a higher level than the spray 
nozzle or jet— result, overflowing at the 
spray nozzle. 


•See index for *'Digest of Troubles for carburetor troubles, in addition to pages 170 and 171 
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There are several causes for a dripping 
carburetor; either the float needle valve 
does not seat; due to sediment under it, or 
perhaps it is worn. If sediment is the cause, 
the needle valve can be turned a few times 
on its seat and probably clear the obstruc¬ 
tion. On some carburetors, the float-needle- 
valve is in the form of a rod running 
throjigh the float, as in flg. 1, page 14 8. 

If the leak is not in the float-needle- 
valve, then it is likely due to the float be¬ 
ing set so that it does not cut off in time 
to prevent overflowing at the jet. Or if a 
metal float; there may be a small hole in it 
preventing it from floating; another cause 
might be due to the mechanism being too 
loose. 

Float adjustment: There is usually an 
adjustment provided directly above the 
gasoline float needle valve, which will regu¬ 
late the height of the float. If not, then 
on some makes of carburetors, as the Scheb- 
ler, for instance, the float arm can be bent 
up or down which will regulate the height 
of float, which in turn governs the float 
needle valve cut off. 

If the leak is due to a faulty seating of 
the float needle valve, then it will be nec¬ 
essary to put in a new needle valve or 
to reseat the float valve seat or both. 
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Fig. 1. Regulating the float level in a car¬ 
buretor; gasoline must stand in the jet barely 
below level of jet or spray nossle, when the float 
outs off. 

By alightly lowering the float the adjustment 
can be made to cut off early. Raising float will 
cut off later. 


Testing the Float Height. 

On most makes of carburetors, the float 
valve is Intended to cut off the gasoline 
when the level of gasoline in the float 
chamber reaches a level of about Vs of an 
Inch below the ton of the nozzle or jet 
tnbe. Therefore this height or the height 
recommended by the manufacturer ought 
to be maintained. 


A simple method to test a carburetor float 
mechanism is shown in the illustration. 

In making this test, unscrew the part of 
carburetor which will 'permit access to the 
float and float-mechanism. Then prepare 
a device consisting of a can with a wire 
handle, a piece of copper tubing soldered to 
the bottom of the can to form an inlet, a 
piece of rubber tubing, and a nipple or 
short piece of metal tubing with a coupling 
adapted for attachment to the carburetor. 
The gasoline flows to the carburetor from 
the can, when it is held above the car¬ 
buretor. By watching the float chamber 
fill with gasoline, the height the gasoline 
reaches at the time the float valve cuts off 
can be seen. If the height of gasoline in 
carburetor Is not sufficient, then the float 
is slightly raised so it will cut off later, if 
the height is too great, which can be deter¬ 
mined by gasoline flowing out of the jet, 
then the float must be slightly lowered, so 
it will cut off earlier. 

Owing to the variation in the suction of 
different engines on a carburetor, it often 
is found that a slight variation of the fuel 
level or a slight change in the size of the 
spraying nozzle will add greatly to the 
efficiency of the engine. The first thing 
to do then before attempting the adjust¬ 
ment of a float is to learn whether or not 
the float needs adjustment, by seeing if tho 
gasoline is at the proper height in the jet 
when the float cuts off the gasoline. 

To locate a suspected leak In a float of 
the hollow metal type: 

If the float is immersed in very hot 
water, the gasoline will be vaporized suf¬ 
ficiently to force its way out through a 
puncture and the spot may be located by 
watching the bubbles. The float should, of 
course, be removed from the water the in¬ 
stant bubbles cease appearing. The rem¬ 
edy is to solder the hole, (see page 163.) 

Gasoline Level in the Jet. 

Stromberg: Note level of gasoline in 
float chamber in the Zenith, fig. 2, page 168. 
This illustration will give the reader an 
idea as to the relation of the level of the 
gasoline in the float chamber to that in 
the jet. On the Stromberg (H) it should be 
about one inch from the lower edge of the 
glass. This can be adjusted by removing 
the dust cap and loosening the nut; if gaso¬ 
line is too low, screw adjustment up; if 
gasoline is too high, screw adjustment down. 

tThe adjustment on the Stromberg “K ,f 
type can only be adjusted by “bending 
the arm,” as previously explained, which 
governs the float level. 

Bayfield: The float level is correctly set at 
the factory and does not require adjust¬ 
ment, but if it should, then the correct 
gasoline level should be maintained in the 
middle of the window in the side of the 
float chamber. 


♦It is advisable to not tamper with the float unless you know positively it is out of adjustment. 
This can be determined if continually leaking and test as above. Carburetors with floats as per type 
**H*' Stromberg are provided with float adjustments. 

tOn models L & M Stromberg carburetors, page 176-177, the height of gasoline should be 1 inch 
below the top of the float chamber. 
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Fig. 2. This Illustration shows the level 
of gasoline In the float chamber and In 
the jet of the Zenith carburetor. If the 
float level was above the jet, the gasoline 
would run out the jet. 


Zenith: The level of gasoline is main¬ 
tained in the float chamber so that the 
gasoline stands 3 millimeters below the top 


of the jet, or about % 4 *. To regulate the 
level, note the washers (L), fig. 2. 

M aste r : The float weights are set about 
1/32 inch from bottom of the float lid. 

Schebler: Model “L” (chart 84); the 
top of the cork should stand 1^ inch from 
the top of the bowl in the 1-inch, 1)4-inch, 
1%-inch and 1%-inch. In the 2-inch—model 
L carburetors this measurement is 1%-ineh 
and in the 2%-inch model L, 1%-inch. 
These measurements should be made when 
the float valve is seated. 

Model B; the height of the cork float 
should be 23/32 inch from the top of the 
bowl when float valve is seated. 

Models D & E; the cork float should be 
level and rest 1/16 inch above the top of 
the nozzle in the % inch, % and 2 inch 
sizes, and 1/32 inch on the 1, 1)4, and 1)4 
inch sizes. Model H; is 19/32. 

Note, when changing float level, great 
care must be taken to bend the arm in 
such a manner that the float will be at the 
proper height, yet perfectly level. 


Auxiliary Spring Tension Adjustment. 


In the air valve spring lies the chief 
difficulty in making carburetor adjustments, 
If carburetor is provided with automatic 
auxiliary air valve. This spring should be 
of such length and of such gauge wire, di¬ 
ameter and number of convolutions as to 
provide the requisite progressively increas¬ 
ing resistance to opening, while at the same 
time exerting little or no pressure upon the 
valve when it is against its seat. 

Adjustment: The needle valve should be 
set for slowest running with the air valve 
held lightly against its seat, and then the 
spring adjustment should be backed off un¬ 
til the slightest further increase in throttle 
opening causes the valve to leave its seat. 

From this point on the only proper ad¬ 
justment for the air valve becomes a series 
of tests for spring strength without altera¬ 
tions being made in its normal length. 
That is, with the adjustment backed off as 
per the above instruction; if the spring ten¬ 


sion with increased throttle openings is too 
light and lt spitting back” in the carbure¬ 
tor continues in spite of increased opening 
of the gasoline needle valve adjustment; 
it is a pretty sure indication that the air 
valve spring is too weak and a stronger one 
should be obtained from the factory. These 
can usually be obtained in several sizes or 
degrees of tension to suit varying engine 
and climatic conditions. 

Too strong a tension on the auxiliary air 
valve spring will cause too much gasoline 
and not enough air (too rich a mixture), 
because the valve will be more difficult to 
open by suction. Too weak a spring ten¬ 
sion will give too much air or too lean a 
mixture. 

The hand air adjustment operated from 
the seat is very popular. See pages 159, 
155. The warmer the engine the more 
air needed and less gasoline. By merely 
opening the air intake more and more, by 
hand, the proper mixture can be obtained. 


**A Few Words About the Mixture. 


*At low speeds the mixture should be 
richer than at high. At low speeds more 
heat is lost to the cylinder walls, more 
compression is lost by leakage, and the com¬ 
bustion can therefore be slower, thus sus¬ 
taining the pressure. At high speeds the 
compression is higher, due to less leakage 
and less loss of heat. A lean and highly 
compressed charge burns faster and hence 
gives better pressures and fuel economy 
than a richer one. 

The quantity of mixture an engine will 


take, varies greatly with the speed and pull. 
At slow speeds the volume, at carburetor 
pressure is equal to the cubic content of the 
cylinders, multiplied by the number of power 
strokes. 

At high speeds of one thousand revolu¬ 
tions or over, the quantity may drop to less 
than one-half the amount, depending on the 
design of the valves, inlet piping and pas¬ 
sages. This reacts upon the compression, 
and hence on the mixture desired for best 
results. 


••The plug points or gaps should be carefully set; about .025 of an inch apart. If too dose 
engine will operate unevenly at idling speeds and miss at higher speeds; If too wide, will miss when 
accelerating at very low speeds or hard pulls. A weak spark causes late combustion. See index for 
“Spark Plugs." 

••Atmospheric conditions have much to do with action of carburetor. An engine seems to run better 
at night (see page 585)—likewise, taking an engine from sea level to an altitude of 10,000 feet, 
involves using air in the engine cylinders at atmospheric pressures ranging from 14.7 lbs. down to 
10.1 lbs. to the square inch. 








CARBURETOR ADJUSTMENTS. 


The design of the engine has a bearing on the 
carburetor design, which explains the well known 
but seemingly mysterious fact, that a carburetor 
giving good results on one engine sometimes fails 
to maintain its reputation when applied to one of 
different design. The system of ignition used 
also has a marked influence on the proper work¬ 
ing of an engine as a hot spark is most essential. 

To Test the Mixture. 

If there are doubts in the mind of the 
operator as to whether the mixture is too 
rich, an excellent way to ascertain the cor¬ 
rect proportion of air and gasoline is to 
shut off the fuel at the tank and open the 
throttle. 

If the mixture passing into the cylinder 
is too rich, the engine speed will increase 
as the level of the gasoline in the float 
chamber is lowered, since this operation 
weakens the mixture considerably. 

If the mixture is thought to be too weak, 
the float chamber can be flooded while the 
engine is running, and if this causes the en¬ 
gine to speed up, it may be taken as an in¬ 
dication that the mixture is not rich enough. 

The proportionate amount of gasolins to the pro¬ 
portionate amount of air is essential. 

The novice usually gives the carburetor too much 
gasoline by opening this adjustment valve too 
wide, thereby cansing ‘‘too rich a mixture." Too 
much gasoline will not run the engine any better 
than not enough. It must be remembered that 
only a very little gasoline is required in propor¬ 
tion to the air. 

$Smoke Tests. 

If the engine is fed too much gasoline, 
black smoke, smelling of raw gasoline, will 
usually be in evidence, issuing from the ex¬ 
haust. Oare should be taken to distinguish 
this from the excess of heavy blue smoke 
which is indicative of too much engine 
lubrication. 

Whenever any considerable quantity of 
smoke of either color come from the ex¬ 
haust, the engine may miss explosions due 
to fouled spark plugs. 

♦If the mixture is too rich, the engine will 
have a tendency to slow up and “choke” 
or “load up” when the throttle is opened 
wide, and will run at a higher speed when It 
is partially dosed. 

Another indication of the mixture being 
too rich will be shown in its speeding up 
perceptibly, if the auxiliary air valve of 
the carburetor is held open, or additional 
air is admitted in any way between the car¬ 
buretor and the cylinders. 

Such being the cese, the exhaust gases, if 
ignited by holding a piece of burning paper near 
the end of the exhaust pipe, will burn with a 
large red flame similar to that of a bun sen burner 
when the air is mostly cat off. 

**Lopliig: Another indication of too rich 
a mixture is when “Idling;” the engine 
will ran in a loping manner as if actuated 
by a governor; more air, less gasoline is 
needed. 


Flame Test of Mixture. 

Another method is to open the relief 
cocks in the cylinder heads (If provided), 
while the engine is running and judge from 
the color of the flame when the mixture 
is correct. At each explosion a jet of flame 
will shoot out of the cylinder through this 
relief cock. 

If the mixture is too poor—too much air 
for the gasoline—the flame will he light 
yellow. 

If the mixture is too rich—not enough air 
for the gasoline—the flame will he red and 
smoky. Black smoke will also come out of 
'the muffler, smelling of'raw gasoline. 

If the mixture is correct, the flame will 
be light blue, and hardly visible. 

tRich and Lean Mixture. 

A rich mixture is one in which the pro¬ 
portion of gasoline abnormally exceeds the 
amount of air. It may be due to faulty ad¬ 
justment of the gasoline needle valve, float, 
or air valve. 

An overrich mixture will cause an engine 
to overheat and thereby give rise to a num¬ 
ber of troubles such as; preignition, ac¬ 
cumulations of carbon on the pistons and 
cylinder heads, steaming water in radiator 
and loss of power and “loping” or choking 
up on slow speeds. 

A mixture is poor or lean when it cob- 
tains too much air and not enough gasoline, 
a condition often due to a faulty adjust¬ 
ment of the needle or air valve float, a leak 
in the inlet pipe, the supply cock partly shut 
off, the spray nozzle, float valve or feed pipe 
partly clogged, or water in the gasoline. 

A poor mixture will make the engine miss 
when running idle at slow speeds, and at 
high speeds it will not only cause misfiring, 
but the missing will be accompanied by 
coughing and “popping” in the carburetor. 
Both this and explosions in the mnffler 
may also be due to faulty ignition, how* 
ever. 

Oause—mixture too rich: Too much gaso¬ 
line at needle valve. Punctured float. Float 
valve not working properly, owing to bent 
needle, or presence of foreign matter in valve 
seat. Too much priming. Primary air pas¬ 
sage clogged or partially obstructed. Air 
valve not open enough, spring too strong or 
air opening choked. 

Cause—mixture too weak: Too modi air, 
not enough gasoline. Carburetor passages 
or jet dogged. Throttle valve out of ad¬ 
justment. Insufficient flow of gasoline. 
Tank valve dosed. Break in gasoline sup¬ 
ply. Bad gasoline; originally, or from stand¬ 
ing. Water in gasoline. Carburetor too odd. 
Gasoline supply exhausted. 


"Mixture “too rich" moons too much gasoline la proportion to sir, or technically, there is insuffi¬ 
cient oxygon to support its combustion. 

""See page 171. tSee also pages 652, 653. tSoe page 623, "relation of carbon to combustion." 
"Loading np" when running slow or idling is dne to the fact that the air comes into the carburetor so 
slowly that the gasoline particles are not broken np fine enough and condensation takes place. Thus 
the gasoline is taken in, m a more or less liquid form and combustion is yery poor. That is one rea¬ 
son why as much heat as possible should be applied to the air intake of the carburetor. Also do not 
let your engine tick over slowly for any length of time when the car is standing idle. It not only 
wastes fuel but the manifold will load np with raw fuel and your acceleration will be anything bat 
good when you attempt to get under way. See also page 652. 
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Use air: It is advisable to run the en¬ 
gine with as much air as possible, which 
means a “lean” mixture. This not only 
means economy of gasoline but prevents 
soot deposit and pitted valves (providing 
good lubricating oil is used). 

Of course, 'when first starting or when 
cold, more gasoline is absolutely necessary, 
but as soon as the engine warms up, cut 
down on the gasoline and run on more air. 

Most carburetors now-a-days, are fitted 
with air regulators and heated intake mani¬ 
folds, as shown on pages 157 and 159, for 
this purpose. 

An engine will run on less gasoline*, and 
more air, the warmer it gets. Therefore 
the reason for the air adjustment. 

“Back Piling” or “Popping” in 
the Carburetor. 

Back firing: There seems to be much con¬ 
fusion in the use of the terms “back kick" and 
“back fire," the latter being very often used to 
describe what happens when, in starting an engine, 
it suddenly reverses its direction of rotation to 
give a “back kick." 

Generally speaking, “back-firing” is caused by 
weak mixture which burns so slowly that the 
flame continues until the opening of the admission 

Carburetlon During 

Now that low gravity gasoline is being 
used, the engine' will have a tendency to 
miss explosion and run in jerks or uneven 
explosions, especially when starting. 

The reason is due principally, to the lack 
of heat to properly vaporize the gasoline to 
prevent condensation. After the engine be¬ 
comes thoroughly wanned up, the missing 
usually disappears. When weather is warm 
the engine starts easier, because gasoline 
will vaporize more readily and is easier ig¬ 
nited. Therefore during cool weather three 
things are essential; a good hot spark and a 
quick method of heating and a choker or 
primer for enriching the mixture to start on. 

**For starting—There are different meth¬ 
ods employed to inject a rich mixture into 
cylinder in order to start engine at all on a 
cold day. The common method is to close 
the main air intake, which causes raw gaso¬ 
line to be drawn into cylinder, which would 
be termed “choking” the air supply. After 
engine is started, it is then a matter of 
running engine until warm enough to vapor¬ 
ize the gasoline, at the same time gradually 
opening the choke or air valve, until the 
regular amount of air is being used. 

Warm air, of course should be drawn into 
the carburetor as per fig. 1, page 159. If a 
temperature regulator is also provided, as 
per fig. 2, page 159, then less cool air should 
be drawn in at (Z) in winter, than in sum¬ 
mer. 

There is a disadvantage however, in this 
system, and that is, the raw gasoline drawn 
into a cool cylinder is not all utilized for 
combustion, but part of it forms carbon, 
due to lack of oxygen which is not being 
supplied, as the air is choked, result, as per 
page 205. Therefore the air should be sup¬ 
plied as quick as possible. The problem is 
then, to heat the gasoline as quickly as pos- 


valve again, when it ignites the incoming charge 
in the Intake pipe and shoots back to the car¬ 
buretor. While an over-rich mixture will also 
born slowly, it rarely ever wiU cause back-firing. 

Another cause of back-firing is, of course, the 
faulty timing of the valves, or, in fact, a badly 
leaking valve. As a general rule, back firing is 
due to one or more of the following causes: (1) 
very alow explosion or weak mixture, (2) very 
late explosion; (3) a spark occurring daring the 
intake stroke; (4) the intake valve partially open 
during the power stroke; (5) premature ignition. 

Slow combustion is caused by a lean mixture. 
A late explosion is caused by a weak or retarded 
spark. 

Nos. 1 and 2 are the usual causes, while Noe. 
3 and 4 happen infrequently. 

Back-kicking is usually caused by preignition 
in starting the engine, which is due usually, as 
is well known, to too much “advanoe" in the 
spark timing. 

“Popping back” or “spitting” In the carbure¬ 
tor is quite a common occurrence with carburetors 
when first starting the engine on a cold day. But 
after engine has been run for a brief period it 
will become warmed up and the gasoline will begin 
to vaporize properly and rnn without popping back. 

If the “popping back” continues then the 
mixture la too weak and more gasoline is re¬ 
quired. By giving the auxiliary air valve spring 
a slight increase of tension or opening the gaso¬ 
line needle valve a notch or so, to close the 
“damper" or air intake, thereby causing more 
gasoline supply until the popping stops, which it 
will probably do when engine is • warmed np. 

Cool Weather. 

Bible, so that vapor and air is used Instead 
of raw gasoline. 

The exhaust heated intake manifold, ex¬ 
plained on page 155 and 167, will assist con¬ 
siderably. With a jacket around the intake 
manifold, and hot exhaust gases passed 
through same, as per page 157, the mixture 
will become heated quicker. 

The choker or some method of supplying 
a richer mixture however, is usually neces¬ 
sary for starting. If the “choker” prin¬ 
ciple is used, it is closed only until engine 
starts, then gradually opened. In fact, by 
using an exhaust heated intake manifold to 
heat the mixture, and also drawing warm 
air through air passsage of carburetor as per 
fig. 1, page 159, the amount of raw gasoline 
injected into the cylinders will be consid¬ 
erably less than if same is not heated. 
Therefore this system will provide a quicker 
vaporizing or heating of mixture and a 
saving of fuel and less carbon deposit in 
cylinders. 

Additional Pointers on Oold 
Weather Starting. 

Don’t expect the engine to warm np In a min¬ 
ute any more than you expect a kettle to boil as 
soon as it is set on the stove. It takes time to 
heat. 

Take into consideration the fact that cold solid¬ 
ifies the lubricant In the transmission, rear aide, 
and other parts of the car. Therefore, it requires 
greater energy on the part of the self-starter to 
revolve the engine. 

If the dutch is In, yon of course revolve most 
of the transmission gears. After a car haa bees 
standing over night in a cold garage or sufficiently 
long a* ** t the curb to become thoroughly chilled, 
throw out the dutch when cranking. This elim¬ 
inates the drag of the transmission gears plowing 
through the solidified grease. 

A good hot spark la important, especially in 
winter. Remember it is more difficult to charge 
a battery iu winter than in the summer, so be 
particular to see that the battery is always charged. 
A quick method of starting should be provided is 
order to save current. 


*See page 576 “Digest of Troubles,” also foot note, page 163. 

**See page 798 for starting Ford carburetor in cold weather. The method employed here is to open 
gasoline needle valve slightly in extreme cases and close damper also. See also page 160. 
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tAdjusting the Average Air Valve Carburetor. 


Carburetors are usually adjusted to the 
best advantage when the engine has been 
run and all parts are warmed up. if a 
carburetor is adjusted when the engine is 
cold, it will be noticed that it will need 
readjusting when warm, that is, in order 
to get a perfect adjustment. 

When carburetors are adjusted when 
warm, sometimes, especially on a cold day, 
the engine will not hit just right when 
first starting; it will miss and not run even 
or smooth until it has run a few moments 
and is heated up, then it runs satisfac¬ 
torily. 

* Another point to remember, be sure the 
Ignition is right and you have a good hot 
spark, and spark plug gaps set about .025 
of an Inch (see index for “adjusting spark 
plug gaps”). Also be sure the trouble is in 
the carburetor and not due to other troubles. 
See “Digest of Troubles/* how to diag¬ 
nose troubles. 

For the average carburetor, having an 
•• auxiliary air valve** and a “needle 
valve*’ adjustment, the following rule for 
adjusting will apply. 

First, run the engine at what will be noarly its 
maximum speed in ordinary use with the throttle 
open considerably and the spark rather late. This 
speed, of course, will be considerably less than the 
maTimnm speed of the engine when running idle. 

Second: Then turn the main gasoline adjust¬ 
ment, until the mixture is so weak there is popping 
in the carburetor. 

Third: Note this position and then turn the 
adjustment until so much gas is fed that the en¬ 
gine chokea and threatens to stop. 

Fourth: Set the adjustment half way between 
these two points, which will be very near the cor¬ 
rect position. Turn the adjustment slightly in 
one direction and then in the other until the 
point is found where the .engine seems to run the 
fastest and smoothest. 

Fifth: Gently and gradually cover the aux¬ 
iliary air inlet of the carburetor by placing the 
hands over the valve, if necessary, in order to 
exclude the air. If the engine slows down, the 
spring should be weakened, since not enough air is 
allowed to enter the carburetor. 

Sixth: Next try opening the air inlet slowly 
and gradually by puahing the poppet off its seat 
with the finger or the end of a pencil. If the en¬ 
gine speeds up, there was not enough air and the 
spring should be loosened, while if It slows down, 
the mixture is correct or a little too lean, accord¬ 
ing to the degree to which the speed is affected. 
If it is found to be too lean, tne spring needs 
tightening. 

Seventh: After the air inlet has been ad¬ 
justed, open the throttle again and adjust at high 
speed, as this adjustment may now require to be 
altered. 

When adjusting carburetors for speed, 
racing, etc., the mixture is cut down much 
more than for ordinary use. One method 
is to cut off the supply until the engine 
m*4ses when idling at low speed. Then give 
it just a trifle more and test the adjust¬ 
ment by trying the car on a hill. 


Some time afco the writer was told by an ex- 
tester that whenever he was beaten in a “brush" 
he was in the habit of stopping and adjusting his 
carburetor until the engine missed, and then give 
just a slight turn more en the gasoline needle 
valve. Then, in a good many cases, he was able 
to catch up with and pass his opponent. 

The best way to adjust a carburetor is 
to arrange so that the engine may be run 
loaded while the adjustment Is being made. 
One way to do this is to adjust the carbure¬ 
tor while the car is in motion on the road, 
tor while the car is in motion on the road. 

To test carburetor for adjustment; run 
throttled down for two blocks. When there 
is a clear space ahead, suddenly press ac¬ 
celerator pedal down. The engine should 
pick up smoothly, to as high speed as you 
care to run. If engine chokes, stalls, misses 
or labors, or backfires at carburetor, or 
muffler explosions, it shows the carburetor 
is out of adjustment. 

To Obtain a Slow Even Pull of 
Engine Without Missing. 

(1) Retard the Ignition. If this does not 
overcome the missing and it is not due 
to other causes mentioned below, it 
may be due to the ignition being set 
too far advanced at retard position. 
Setting back a tooth will often help to 
run slow, if this is desirable. 

(2) Air leaks is a eommon cause. Be sure ’ 
there are no leaks at intake manifold 
and carburetor gaskets, valve caps and 
above all, use good ♦♦spark plugs (see 
^page 235) and see that they do not leak 
at bushing and where screwed into cyl¬ 
inders. See that gaps are about .025. 
This is important. Wide gaps and weak 
magnets on magneto ignition will cause 
missing. 

(3) Interrupter points must be set correctly. 

A clear flat surface is important. 

(4) Be sure there Is a good hot spark from 
the battery, which means a fully charged 
battery. 

(5) A coll has been known to have a short 
circuited Internal connection which 
would give a spark at high speeds but 
miss on low speeds. 

(6) The carburetor should be adjusted which 
does not permit loping (too much gaso¬ 
line). The hot exhaust heated manifold 
is an advantage here. 

(7) Engine should have good compression; 
valves ground, and proper valve dear 
ance, being sure valves are not held open 
too long. Rings free of leaks. 

All this is esential to secure a flexible 
and smooth running engine. 


Leading Carburetors,—Principle 


Are treated on pages following. 

Owing to the fact that innumerable im¬ 
provements are constantly being made in 
carburetor construction, it is impossible in 
this instruction to describe all the actual 
adjustments of all the carburetors 


and Adjustment. 

Repairmen are advised to secure Instruc¬ 
tions for adjustment of all the leading 
makes of carburetors from the manufac 
turers and keep them on file (see page 162 
for list of the leading manufacturers). 


tSee “Digest of Troubles" for carburetor troubles and remedies, page 576. 

•See page 543 for “Specifications of Leading Oars" to find the type of carburetor used on differ¬ 
ent makes of cars. 

••See page 233 for testing spark plug leaks. 

fWlien adjusting "V" type engines, adjust each block of cylinders separate, by disconnecting one 
hloek. 
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CONNECTS 

WITH GAS' 

OLffMC TAN 


Fig. 1. 

* 

The parts consist of a 
float chamber (D), the 
cork float (0), and a 
float needle valve (B). 

These three parts con¬ 
trol all flow of gasoline 
into the carburetor as it 
Is needed by the motor. 

That part of the car¬ 
buretor which mix . the gasoline and air (6) 
consist of a mixing chamber (L), a nozzle- 
(G), and a needle valve (1). 


Parts which Automatically Regulate 
the Amount of Gasoline Required from the 
Float Chamber to Provide the Proper Mixture 
consist of an auxiliary air valve (A) and 
lever (H), connected with needle valve (I). 


OPERATION; the Gasoline Plows from 
the Tank through the gasoline pipe into the float 


chamber (D) t 


As the Gasoline Rises in the Float Chamber (D) it raises the cork float (C) with it, 
which, through a lever connection, automatically closes the needle valve (B) and shuts off 
the flow of gasoline from the tank to the carburetor. Of course as the gasoline is drawn from 
float chamber (D) the float (C) drops and raises valve (B), admitting more gasoline. 

The Suction of the Pistons Draws the Gasoline from the Float Chamber (D) through the 
Passages (E) into the Nozzle Well (G), and past the needle valve (I) into the mixing chamber 
(L). As the needle valve (I) is raised and lowered as hereafter described, more or less gaso¬ 
line is allotted to spray into the mixing chamber (L). At the same time the suction or the 
pistons draw from the warm air intake (F) and the passages (J), warm air into the 
chamber (L). As the suction of the swiftly moving pistons is very strong, the air is drawn 
through the mixing chamber (L) with great velocity, and there, coming into contact with the 
gasoline spray from the nozzle well (G), it vaporizes the gasoline. 


This Vaporized Mixture is then drawn by the suction of the pistons past the 
throttle valve (P) into the cylinders. The quantity of combustive vapor flowing past 
the throttle valve (P) is regulated by the position of this throttle valve, and the position of 
this throttle valve is regulated by the driver either from a pedal called the “accelerator” or a 
throttle lever on the steering post. Opening the valve (P) admits more combustive vapor 
to the cylinders, and consequently increases the speed and power of the motor. Closing it has 
the reverse effect. At high speed it is obvious that the suction through the mixing chamber 
(L) and the warm air passages (J) greatly increases, and as it increases beyond the capacity 
of these passages to supply air, a strong suction is brought to bear upon the auxiliary air 
valve (A). At a certain speed this suction is sufficient to draw this valve down against the 
coil spring (O). As the valve is drawn down, air rushes into the auxiliary air passage (B), and 
from thence past the mixing chamber (L) into the cylinders. 


Auxiliary Air Valve. To take care of this extra supply of air there must be an extra supply of gaso¬ 
line automatically furnished. This is taken care of as follows. As valve (A) is depressed against the 
spring (O) it operates the lever (H), which ia hinged at the point (S). As the Jever (H) is depressed 
by the valve (A) it opens needle valve (I) admitting more gasoline to the mixture. It can be seen that 
this extra supply of gasoline is always directly in proportion to the air supply through the valve (A). 

Dash Pot Action. It is obvious that if means were not taken to prevent it the valve (A) t which it 

under the tension of the spring (O), would close very abruptly if tho speed of the engine was suddenly 
checked. It would also tend to open very abruptly if the speed of the engine was suddenly increased, as 
for instance, when the accelerator was suddenly opened. Furthermore, the suction of the cylinders is to 
a certain degree intermittent between the strokes of the pistons and this intermission between the strokes 
would ordinarily tend to cause the valve (A) to flutter or vibrate if means were not taken to prevent it, 
and the fluttering or vibratory action of the valve (A) would result in an unsteady flow of gasoline vapor 
to the cylinders, which would cause a vibratory or jarring effect in the engine. Any such action is pre¬ 
vented by a device (U) called a dash pot. Its function is to automatically insure a steady and staple sup¬ 
ply of gasoline vapor to take care of varying engine speeds under all circumstances. To hold the valve 
(A) steady and to check its sudden closing or opening and to overcome its tendency to vibrate, it is at¬ 
tached directly to a plunger (T), which operates on a cushion of air in the dash pot (U). 


! 


I 


A 


NO. 82—Model “R” Schebler Carburetor. Note the gasoline needle valve is automat* 
rated bv movement of auxiliary air valve (A). (See Specifications of Leading Oars for naan.) J 






































CARBURETOR ADJUSTMENTS. 


17! 


—model R continued. 




Fig. 4 and fig. 5, show two types of hand 
1 ontrols for “choking” air supply of car¬ 
buretor controls. Fig. 4 shows the dash 
type and fig. 5 the steering column type. 


Auxiliary adjustment—enables the driver 
to give the carburetor a very “rich” mix¬ 
ture without leaving the seat 

This adjustment is connected directly with 
the needle valve by means of an eccentrio 
in the mixing chamber (see “8,” chart 82) 
to which is connected lever (B), fig. 8. 
This lever is connected as shown, to the dash 
or steering column control by a flexible 
shaft (W) consisting of a piece of spring 
steel wire running through a brass tube (T) 
which is anchored firmly at the carburetor 
and soldered to the body of the dash or 
steering column control. By moving lever 
of the control the steel wire moves the 
levey (B) when the lever on the dash ad¬ 
justment Is pulled all the way up it moves 
the lever (B) to the right, or away from the 
stop (O). 

The lever (B) turns the eccentric (“8,” 
chart 82), thereby lifting the needle valve 
and increasing the tension on the air valve 
,. , . . ... . spring (O). This gives a very rich mixture 

for starting in ©old weather and by gradually moving the dash control lever downward the adjustment 
can be brought back to normal while the engine la running and getting warmed up. 

This adjustment is entirely separate from and independent of the main adjustments on the carbure¬ 
tor, which must be properly set before the dash or steering column adjustment is used. 


Fig. 3. When carburetor is installed see that lever “B” 
is attached to steering column control, or dash control, so 
that when boss “D” of lever “B” is axainst stop “0” 
the lever on steering column control or dash control will 
register “Lean” or “Air.” This is the proper running 
position for lever “B.” 


In other words the carburetor adjustments proper are made at (K) and (V—chart 82) and after 
they are properly set, then the auxiliary adjustment can be used to get a rich starting mixture. 

To adjust the carburetor (fig. 2), turn the valve cap (K) clockwise, or to the right (right means 
rich) until you can turn it no farther. Then turn to the left or anti-clockwise, (left means lean) through 
one complete turn. Start the engine and then continue to turn (K) to the left or anti-clockwise until 
the engine hits perfectly on all cylinders, at the slowest speed possible. Advance the spark lever two- 
thirds or three-fourths the way on the sector and then suddenly open the throttle lever or accelerator 
wide. If the engine back-fires on this quick acceleration, turn the spring adjusting screw (V) up until 
the carburetor works perfectly. 

By turning the screw (V) up or inward, you turn it against the spring (O) (fig. 2), which increases 
its tension thus preventing valve (A) from admitting air Into the carburetor too freely. 

Turning (K) to the right or clockwise, lifts the needle valve (I) out of the nossle well (G) and per¬ 
mits moro gasoline to spray into the mixing chamber. 

When you turn (K) to the left, or anti-clockwise it lowers the needle in the nozzle and shuts off 
the gasoline. It should be remembered that it is desirable from both the points of economy and power, 
to drive the car with the leanest mixture possible. 

The throttle valve should be adjusted so that when'the hand throttle is closed, the engine will just 
run evenly on all cylinders. This can be ascertained by the regularity of the impulses in the exhaust 
when both the spark and throttle levers are set at their lowest positions. If the engine, however, should 
run too fast, or should stop when the throttle is at lowest position, adjustment is necessary, directions 
for which are as follows: 

Loosen the set screw (X) which locks the adjusting screw (Y) where throttle shaft enters car¬ 
buretor. Place throttle in lowest position. 

If engine runs too fast, unscrew adjusting screw (Y) so that butterfly valve in carburetor is closed 
a little tighter. 

If engine runs too slow, screw in the adjusting screw so that valve is held a little more open. Lock 
adjusting screw (Y) with set screw (X) after adjustment. 

Note: Warm air pipe as shown in fig. 4, chart 78A is connected with (F), fig. 2. The exhaust gas 
can be connected with (6), fig. 2, similar to fig. 2, page 157. 


CHART NO. 88—Air Control and Adjustment of Model “R” Schebler Carburetor. (wheeler • 

Schebler. Indianapolis)—see page 167 for “adjustment of floats.” 
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Sectional View Model "L" Schebler Carburetor—Concentric type float, single jet and spring adjusted 
auxiliary air intake valve. Mechanically operated needle valve with three speed adjustments; low, 
medium and high. 



Model L Schebler Carburetor. 


Connect carburetor to Intake pipe so that 
it sets about six Inches below bottom of 
gasoline tank, that the bowl may be filled 
by gravity. For best results, the carburetor 
should be as close to the cylinder as possible, 
and in case of multiple cylinders, equidistant 
from each one. Connect a pipe or tube from 

g asoline tank to union **Q. ’ Pipe to be 
rass or copper and not leas than % -inch 
hole. 

Be sure pipe is free from dirt—blow it 
out. Connect the hot water jaeket with 
water circulation if there is a force circu¬ 
lation, otherwise a hot air pipe. See 
Chart 78. 

Before adjusting the carburetor, make 
sure that your ignition is properly timed 
and that you have a good hot spark at 
each plug; that your valves are prop¬ 
erly timed and seated, and that all con¬ 
nections between your intake valves 
and carburetor are tight, and that there 
are no air leaks of any kind in these 
connections. 

Iq adjusting the carburetor, first, 
make your adjustments on the auxiliary 
air valve “A” so that it seats firmly, 
but lightly; then close your needle 


valve by turning the adjustment screw, “B," to the right until it stops. Bo not use any 
pressure on this adjustment screw after it meets with resistance. Then turn it to the left 
about a turn and a half and prime or flush the carburetor by pulling up the priming lever 
i( C” and holding it up for about five seconds. Next, open your throttle about one-third, 
and start the motor; then close throttle slightly and retard your spark, and adjust 

throttle lever screw “F” and needlo valve adjusting screw “B, M so that the motor runs at 
the desired speed and hits on all cylinders. 

After getting a good adjustment with your motor running idle, do not touch, your needle valve ad¬ 
justment agaip, but make intermediate and high speed adjustment on the dial "D" and "B.*' 

Adjust pointer on the first dial, "D,’> from figure No. 1 toward figure No. 3, about half way between. 
Advance . spaak and open throttle so that the roller on the track running below the dials is in line 

with the first dial. If the motor back-fires with the throttle in this position, and the spark advanced, 
turn the indicator a little more toward figure No. 8; or if the mixture is too rich, turn the indicator 
back or toward figure No. 1 until you are satisfied that your motor is running properly with the throttle 
in this position, or at intermediate speed. Now, open the throttle wide and make your adjustment on 
your dial “E” for high speed in the same manner as you have made your adjustments for intermediate 
speed on dial “D.” 

Note:—We find in the majority of cases in adjusting this carburetor the tendency is to give too rich 
a mixture. We suggest and recommend in adjusting the carburetor, both at low, intermediate and high 
speed, you cut down the gasoline until the motor begins to back fire, and then increase the supply of fuel, 
a notch at a time, until the motor hits evenly on all cylinders. Do not increase the supply of gasoline 
by turning the needle valve adjusting screw more than a notch at a time, in your low-speed adjustment, 
and do not turn it any after your motor hits regularly on all cylinders. In makipg the adjustments on 
the intermediate and hiph speed dials, do not turn the pointers more than one-half way at a time be¬ 
tween the graduated divisions or marks shown on the dials. 


NO. 84—The Model **L ft Schebler Carburetor; Hand Controlled, Mechanically Operate 
7 alve. iSee page 167 for adjustment of float.) 
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Bayfield Principle. 

Bayfield carburetors are made In two 
types; model O and L, the difference be¬ 
ing that model G has a water-jacket. 

In both models the air valve adjust¬ 
ment has been eliminated, high and low- 
speed adjustments being made through the 
control of the fuel. 

Both models are of the two-jet type, 
one jet feeding at low-speed and both at 
high-speed. 

There are three air openings, one fixed 
and operating in conjunction with the low- 
speed nossle and the other two having au¬ 
tomatic valves linked together and op¬ 
erating simultaneously. 

The high-speed nossle is controlled by 
a metering pm actuated by the upper au¬ 
tomatic air valve. The stem of the valve 
la connected to a piston working in the 
dash pot, from which a passage communi¬ 
catee with the float chamber; the dash-pot 
chamber has direct connection with the 
high-speed nossle (see page 151). 

When the throttle is opened, the ten¬ 
dency of the sir valve to open suddenly 
and excessively, and to flutter, is checked 
by the dash-pot piston, which at the 
same time forces an extra supply of fuel 
into the nossle and enriches the mixture 
for acceleration; the slow opening of the 
air valve increases acceleration by caus¬ 
ing strong suction on the noszles. 

When adjusting a Bayfleld carburetor, b ar in mind that 
BOTH ADJUSTMENTS ARE TURNED TO THE RIGHT FOR 
A RICHER MIXTURE as indicated on adjuitm. nt screw heads. 

The Bayfleld dash control connects with carburetor by 
wire. When properly used, will render easy starting, furnish 
a richer mixture when engine is cold, and maintain a correct 
mixture under the extreme atmospheric changes 

When carburetor adjustments are once made, they should 
not be changed, as the dash control will take care of cold 
weather as well as cold engine conditions. 


▲.— Stop arm screw. B. —Stop arm. 
Turn screw A to left to throttle engine 
lower. 


Raising the dash control lifts the spray needle and sup¬ 
plies a richer mixture. When it is raised full distance, a 
direct passage is opened permitting raw gasoline to be drawn from fuel chamber of the carburetor 
to engine. Control button (or lever) should be DOWN for running except when a richer mixture is desired. 

The automatic air valve should be closed when engine is not running or when throttled down. 

Remember that the low speed adjustment is to be used only when engine is running idle and pod- 
tively must not be used in adjusting high speed. Never adjust a carburetor unless the engine ia hot and 
the water jacket of carburetor warm. 


Adjusting Bayfield. 

Adjusting low speed: With throttle closed, and dash control down; close nozzle needle by turn¬ 
ing LOW SPEED adjustment to the LEFT until block U (see cut), slightly leaves contact with the cam 
M. Then turn to the RIGHT about three complete turns. Start engine (see below) and allow It to 
run until warmed up. Then with retarded spark, close throttle until engine runs slowly without stop¬ 
ping. Now. with engine thoroughly warm, make final low speed adjustment by turning low speed screw to 
LETT until engine slows down and then turn to the RIGHT a notch at a time until engine idles smooth¬ 
ly. If engine does not throttle low enough, turn stop arm screw A (see cut), to the LEFT until it runs 
at the lowest number of revolutions desired. 

Adjusting high speed; advance spark about one-quarter. Open throttle rather quickly. Should 
engine back-fire, it indicates a lean mixture. Correct this b.v turning the HIGH SPEED adjusting screw 
to the RIGHT about one notch at a time, until the throttle can be opened quickly without back-firing. If 
“loading” or (choking) is experienced when running under heavy load with throttle wide open, it indi¬ 
cates too rich s mixture—this can be overcome by turning high speed adjustmept to the left. 

To start engine when cold: First: Olose the throttle and pull dash control all the way up. Second: 
When engine starts, open throttle slightly and push dash control one-quarter of the way down. Third: 
As engine warms up, push control down gradually as required. When thoroughly warm, push control all 
the way down. When engine is warm it is necessary to pull dash control only part way up for starting. 

Hot water connection—is connected with suction end of pump (between radiator and pump). Hie 
connection on other side connects with water jacket of engine or upper water pipe. A shut off coek is 
provided for hot weather. See that these connections are made in such a way that water will be drained 
out of carburetor jacket when system is drained. 

Attach a hot air stove to the exhaust pipe and connect to constant air elbow of carburetor by a flex¬ 
ible tube. Connections: are 5/16 inch outside diameter tubing for gasoline and water connections. 


OHABT NO. 85—Adjustment of Model “OIL 0 Bayfield Carburetor. 

Sea “Specifications of Leading Cars” for users. Findeisen A Kropf Mfg. Co., Chicago, manufacturers. 
This concern manufactures another model called model “M.“ write for catalogue. 
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Stromberg Carburetor I 
Models L and M. 

The majority of Stromberf 
equipped cars are using models 
L. LB, M and MB, which 
are all called the “plain tabs 
carburetor,” principle of whieh 
is explained on page 177. 

The L and M models are the 
same carburetor, except, model 
L has an “economiser** ac¬ 
tion. The L ft M are made for 
vertical connections to intake 
manifold. See figs. 1 and 2. 

The LB and MB models are 
of the same principle as L ft M, 
except they are made for hori¬ 
zontal connections to intake 
manifold. The LB has the 
economiser action, same as L. 

The economiser action Is as 
follows (fig. 1): The high 

speed gasoline needle (A) is 
controlled by the nut (B), 
which rests on lever arm at 
closed and open throttle. With 
the throttle in ordinary driving 
positions—(15 to 40 miles per 
hoar) the roller (P) drops into 
the cam notch, which permita 
the lever arm to drop free eo 
that (A) descends to rest upon 
the economizer nut, thus lowering the needle into its orifice and partially cutting off the gasoline for these 
speeds. The amount of drop can be regulated by the pointer (L), which then acts as a special adjust¬ 
ment for the greatest possible economy. 

Tbe object of the economiser is to automatically graduate the gasoline adjustment, which is con¬ 
trolled by the throttle. As throttle is opened the needle (A) is raised; as throttle is closed it lowers. 
The amount this needle (A) can be raised is regulated by (L). 

To adjust the economizer (see fig. 1) the spark should be fully retarded and the throttle opened to 
a position which turns the engine at a speed corresponding to about 20 miles per hour (m.p.h.). The 
lever L should then he set one notch less than for the mixture on which the engine will run steadily. 
Under ordinary conditions this would be the third or fourth notch of (L) fig. 1. See also page 927. 

* Adjustment of L ft LB. 

(1) Put economizer pointer in fourth notch 

(2) Open throttle to a position which will give, 
about 20 miles per hour on a level road. 

(3) Unscrew the high speed nut fA) to the left 
(counter-clockwise) until engine conimpnceis to fall 
away from too lean a mixture: then tfive richer mixture 
by turning the nut to the right, clockwise notch by 
notch until a point is reached wher* the engine gives 
the best speed for that particular throttle opening. 

(4) Then close throttle to 
idling position and adjust the 
idle screw (B), screwing in¬ 
ward. To the right, gives more 
gasoline; to the left, less. 

(5) The dash control lever 
should be all the way down 
and the air horn cam plunger 
should clear the economizer 
lever so that this works freely 
as throttle is opened and 
closed. 


Adjustment of M ft MB. 

(1) Open throttle about one-quarte r of the way, which 
will give about 20 miles per hour on a pleasure car, (or 
one-third governor speed on a motor truck) 

(2) Open idling screw (B) from its seat two turns, 
so that this cannot effect the high speed adjustment. 

(3) Adjust high speed needle (A) to the leanest ad 

justment which will give the best engine speed for this 
throttle position. Inward for less and out for more Fig. 2—Stromberg type M, without econ- 
gasoline. omizer. Used on small 4 cylinder en* 

(4) Close the throttle gradually and screw idling gines for trucks, tractors, etc. 
screw (B) in as necessary to give adjustment for low 

speed and idle. Screwing inward, right hand, glvea more 
gasoline; outward gives less. 

This “plain tube** principle la also known as the “Pitot” principle and is further explained on pages 177 
149 and 800. 


CHART HO. 86—The Stromberg “Plain Tube Carburetor** LAM. * Adjust only when engine 
is warm. 

Vets: all Stromberg carburetors are supplied with hot air attachments, similar to one described on page ISO. 
ig. 1. Also a temperature regulator (Y) above, which principle is explained on page 159, fig. 2. 
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Principle of Stromberg “Plain Tube” Carbureter, (Model M). 

This explanation also covers model L, LB and MB, except the economizer action, which 
Is explained on page 176. 


This carburetor is termed a “plain tube” type, because the whole air supply is taken 
through a single unobstructed channel of fixed size through the jet. Air valves, metering 
pins and dash pots have been dispensed with. 

How the desired mixture can be 



Choice vmWe 


maintained is answered in the principle 
of introducing a small amount of air 
into the gasoline jet at (C) before it 
sprays out into the main air passage 
(E), forming what is known as an 
'air bled“ jet. 

Action—the gasoline leaving float 
chamber (R) through (O and H), 
rises through a vertical channel 
(X) — not clearly shown, but 
around tuba (J). Air taken in 
through (C), discharges into gaso¬ 
line channel through amah holes at 
bottom of passage ( 0 ), after break¬ 
ing up into finely divided particles, 
the gasoline issues forth through a 
number of small holes or jets into 
the high velocity air stream of the 
small venturi (V). This gives a 
constant proportion of air to gaso¬ 
line and atomizes the fuel com¬ 
pletely. 

The accelerating well; to accel¬ 
erate or speed up an engine, re¬ 
quires enrichment of the mixture. 
Dash pots, metering pins, etc., have 
hertofore been used for this pur¬ 


pose, but here they are dispensed 

with. Concentric and communicating with passage (X), which conducts the gasoline to the jet, is formed 
a reserve chamber, or “accelerating well" (F). With engine idling or slowing down, this well fills with 
gasoline, and whenever the venturi suction is increased, by opening the throttle, the level of gasoline in 
this well (F) goes down, and the gasoline thus displaced passes through small hole (G) at bottom of 
well and joins the flow from (H), on up (X), out ( 8 ) into jet, thus more than doubling the normal rate 
of feed. 


Idling—This is where tube (J) action cornea in. Note that (J) Is not mentioned up to this time. 
When throttle is closed, gasoline is drawn in through hole (I) at bottom of tube (J), mixed with air 
taken in at (P) and discharged through idling jet (L) with highest degree of atomization, due to the 
fact that a vacuum of more than 8 pounds exists above the throttle (T) when pngine is idling and 
throttle closed. 

As the throttle Is opened from Idle, and the engine speed increases, more gasoline is drawn through 

(O and H), and it begins to discharge into the small venturi (V), as well as though the jet at the edge 

of the throttle. Thus the gasoline is given alternative paths, so that it can follow the one leading to 
the greater auction. 

The difference to be noted, between slow speed and high speed, is that the flow for high speed is 

not up the tube (J). but through passage (X), out (S) into jet. For Idling, it is through tube (J), out 

(L) and when opening throttle from idling, oat both. 

There are two ventnri tubes; a small one (V), and a large one (VI), which produces a very high 
air velocity, (see page 147 for explanation of venturi.) 



Stromberg Model H—with vertical connection. 


Stromberg Model “H.” 

Is a different principle than LAM. It would be 
termed a compensating type carburetor. 

For low speeds the gasoline is taken from spray 
nozzle ( 0 ), in venturi tube, through Vhich hot air 
passes. Regulation of amount of gaaoline is by 
needle valve (A). 

For high speeds, the nossle in center of air valve, 
which ie automatically regulated by opening of the 
air valve, thua supplying the necessary volume of 
gasoline for high speed. Adjustment for high speed 
is by (B), which controls the amount of flow of 
gasoline on high speed by regulating the time when 
the needle valve begins to open. Needle valve opens 
only when (B) comes in contact with (X). (B) is 

raised by throttle opening at high speed. There is 
usually about V 62 " clearance between B and X. 

Low speed adjustment is controlled by the 
needle valve “A.” If too rich, ae indicated by 
the engine “rolling" or "loading," torn "A" up, 
thus admitting less gasoline and making the mixture 
leaner. If mixture is too lean, turn "A" down, 
thus admitting more gasoline and richer mixture. 

High speed adjustment: Advance the spark, open 
the throttle. If mixture ie too lean on high speed, 
screw "B" up until desired results are obtained. 
If mixture is too rich, screw "B" down. 
_—continued on page 178. 


DHABT NO. 86A—Stromberg Carburetor. Explanation of the Model “L ft M,’’ “Plain Tube" < 
"Pitot” Principle of Carburetor and Model “H,“ Compensating Type. 
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—Stromberg modal “H”—continued. 

Nossle: Before changing a nossle, check np closely 
on the ignition system, examine all manifold and 
valve head connections, for air leaks, as it is ab¬ 
solutely impossible to make a carburetor operate 
properly if the ignition is not in good condition or 
there are air leaks in the engine. 

If, however, with the engine in normal condition 
it is necessary to turn needle valve “A" down 
more than two and a half turns, and still engine 
will not Idle, it indicates that the primary noszle 
Is too small and that a larger one should be used. 

If it Is lmposible to get enough gas on high speed 
except when nut “B” is so high that there is no 
clearance at “X” on idle, a higher number needle 
should be used. 

If too much gas on high speed when nut “B“ is 
turned down as far as it will go. a lower number 
needle should be used. 


To change the primary nossle, take out the needle 
valve “A” and remove nossle with a regular screw 
driver. To remove taper valve on high speed, pull 
up steering post control, unscrew nut “B” all the 
way and lift valve out. This valve and nut "*B" 
are assembled together and should be ordered in 
that way. I}o not attempt to take these apart ar 
to change the taper. 

Never change nossle more than one sise aft a 
time. The nossle opening gets smaller as the 
number gets larger; thus—a No. 59 is smaller 

titan a No. 58. 

High speed needle valves deliver more gas as the 
number gets larger: thus—a number 7 will give 
more gas than number 6. 

Always install carburetor with the float chamber 
towards the radiator. 

This carburetor was used on 1917 Marmon. 







Stromberg model HA—sectional view. 


Fig. 4—There is only one adjustment 
and that is the metering pin, which is 
interconnected with the throttle. Or¬ 
dinarily the metering pin should be 
two-thirds the way through. 


Fig. I— Utno the metering gin O Mritl 
l*« mini are in the Stemrt. Air pmeete 
through the ge era get 
motile 


Stewart Carburetor (on the Dodge). 

On the Dodge the carburetor (figs. 4, 8) is on left side of engine, 
and is fed from a Stewart vacuum tank. The carburetor is sup¬ 
plied with a hot air attachment which draws air from around 
exhaust manifold to air inlet. 

Principle: (fig. 3). The automatic metering valve (A) rests 
on the valve seat (B) when the engine is not running. As the 
engine begins to rotate the suction of the pistons raises the valve 
(A) from the seat drawing in air around it (B to B) as indicated 
by arrows. The suction also draws gasoline up within the \alve 
stem as indicated by arrow from (B) which mixes with the incom 
ing air in the chamber (0). 

The one adjustment of the Stewart Is that of proportioning the 
volume of gasoline to the air admitted. The air being always a 
fixed factor it iB only necesary to adjust or regulate the volume 
of gasoline admitted which is controlled by means of the tapered 
metering pin (D). 

This adjustment Is made when the engine Is running at Idling speed. By 
turning the adjusting screw (on “dash control.” see lower part fig. 4). 
either to the right or left, raises or lowers the position of the tapered metering 
pin, thereby allowing an increased or decreased supply of gasoline to be drawn 
up into the mixing chamber. When the proper proportion has been determined 
at slow speed, it will be seen that as the speed of the engine increases, the 
automatic metering valve (A) will rise higher from the seat (B) and away 
from the tapered metering pin (D) which will allow a greater supply of both 
gasoline and air, in exactly the same proportion, be admitted to the cylinders. 

On the Dodge, fig. 4, the tapered metering pin Is subject to control within 
fixed limits by means of the “dash control* * ratchet, (see lower part of fig. 4 
for connection), for the purpose of obtaining a rich mixture for starting 
Should there be any reason for changing the fixed adjustment of the tapering 
metering pin (D), it can be done by turning the stop screw adjustment on the 
“dash control,” (see lower part of fig. 4). Turning it to the right lowers 
the positon of metering pin and allows more gasoline to be admitted to the 
spray nozzle—enriching the mixture. Turning it to the left raises pin and 
decreases supply. The throttle valve is in top of carburetor, (see fig. 4.) 
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CHART NO. 87—Stromberg Model “H”—Continued. Stewart Carburetor on the Dodge Oar. (atf 
page 162, Address of Carburetor Manufacturers.) 
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The Carter 

can scarcely bo called a- 
multiple-jet. yet it is a 
typical expanding design. 

The illustration shows ; 
why it is included in 
this classification in 
that its nozzle is a ver¬ 
tical standpipe in the 
walls of which are 
drilled various holes in 
the form of an ascending 
spiral and out of each 
hole the gasoline issues. 
At low speeds, when the 
gasoline is drawn to 
only a moderate height 
in this standpipe, the 
fuel iHMues from but few 
of the lower holes. As 
the gasoline rises higher 
in the standpipe at in¬ 
termediate speeds it is¬ 
sues from more of the 
openings; and when it 

rises still higher at high speeds yet more of the openings are brought into operation. The main air 
opening is in a vertical tube surrounding this standpipe so that the inrushina air passes along the pipe 
excepting at the lower end. There is an auxiliary air valve. The pipe or multiple jet tube B can be un¬ 
screwed by the kurled head D. Heated air can be drawn in at the side. 

At C—air enters; the amount is controlled by the little throttle shown. Still more air can pass into 
carburetor from the air valve on the left side, this supplementary supply passing upwards after mixing 
with the warm air. _ _ . _ . 

The Marvel Carburetor—(used on Bulck). 




GA3CUNC 

Carter expanding carbureter, the not- 
tie of teftfa/i it a vertical ttandpipt 




The Marvel model E is a double Jet type whoa e special fe ature ia the application of exhaust Wat to 

a jacket surrounding the throttle 
chamber and venturi tube, amount 
of heat being automatically con¬ 
trolled by the throttle opening. 

Outside the float mechanism this 
carburetor has but one moving 
part, the auxiliary air valve. 

Two Jets are used, a primary 
low speed jet and a secondary 
high speed jet which is brought 
into action by the opening of the 
auxiliary air valve. 

When the engine Is idling the 
hinged auxiliary air valve rides on 
its seat against bore of mixing chamber, thus 
closing off the air passage past the tall high 
speed jet in this part, rendering it ineffee' 
live. At this time the air passes up through 
the small venturi surrounding the low — J 
jet. 

As the suction of the engine increases the 
auxiliary air valve is opened agairm the 
spring pressure, and the second jet tomes 
into action. 

A choker valve in the main air entrance 
allows a rich mixture to be obtained for 
starting. This device may be controlled 
from the dash so that when engine is cold 
it may be closed to prevent back fires, and 
gradually opened up at engine warms up. 
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The feature of this carburetor previously mentioned is the exhaust heated Jacket. The heat is con¬ 
trolled by a damper connected to the throttle lever, which damper can be set to give any degree of heat 
desired. This is of particular importance as the quality of gasoline is yearly becoming heavier and heavier. 
This heat damper therefore can be set to admit sufficient heat to secure good vaporisation of such heavy 
fuel on low throttle, and then as throttle is opened the heat is automatically cut off, thus insuring maxi¬ 
mum power at the higher speeds where heat is not necessary to good carburetion. 

By such an application of heat the entering air is not preheated and this naturally results in greater 
thermal efficiency and power due to a maximum cylinder filling at each stroke of pistons. 

Adjustment; start by turning needle valve “A” to the .right until it is completely closed. Then 
adjust the air adjustment “B” until the end of the screw is even with the end of the ratchet set 
spring above it. 


Next open "A" (gasoline needle) one turn, start the engine as usual, using the strangler button (8) 
to set a rich mixture at first. Allow engine to settle and warm up; then gradually cut<down on “A," 
until engine runs smoothly. 


Next turn air screw “B“ to the left, a little at a time, until engine begins to slow down. This in¬ 
dicates that the air valve spring is too loose. Turn it back to the right just enough to make the engine 
ran well. 


To tost the adjustment, advance the spark and open the throttle quickly, the engine should "take 
hold" instantly and speed up at once. If it misses or, "pops back" in the carburetor, open needle 
valve "A" slightly turning to the left. If this does not give results, the air screw "B" may be tight¬ 
ened a little by turning slightly to the right. It should be borne in mind, that the air valve should be 
carried as loosely as possible, and that the adjustment for "pick-up" may be obtained by carrying more 
gas with needle valve "A" rather than to tighten up the air valve too much. 

The best possible adjustment is secured when air adjustment "B" ia tnrned as far as possible 
to the left and needle valve ‘’A" to the right, providing the engine runs smoothly and picks up quickly 
when the throttle is open. The speed of the engine is governed by the small set screw in the throttle 
stop. If the engine runs too fast, turn screw to the left, if too slow, turn screw to the right. 


OHABT NO. 88—The Carter Carburetor. The Marvel — (see addresses of manufacturers on page 162 
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shown at C. 
throttle 


The Master Carbureter is a Conoantcts Float Type with a rotary throttle and horisontal fuel distribu 
ter extending across the air passage. 

Bafanins to tba Sectional Vlaw, the fuel dietrlbuter extending .cross the air pa 
This has a number of small holes drilled along its length, and the lower opening H i 
1 > is so shaped as to uncover more and more of these holes as the throttle is opened 
due to a similar opening H in the upper surface of D. an increasing amount of gas is admitted through 
the intake O. Thus the fuel supply is mechanically apportioned* in accordance with the throttle open¬ 
ing. 

When the Throttle is Wide Open there are no restricted passages. 

The Air Enters, through the Intake A and mixes with the fuel issuing from the small holes, and 
passes on to the engine through the openings H and H*. 

The Gasoline gets to the Distributer through the Passage P from the float chamber. A common supply 
tube running along the lower part of the distributer takes caTe of each individual distributer tube. 

One Jet for Idling. When the throttle is dosed, there is still one distributer hole uncovered which 
admits sufficient fuel for slow-speed or idling. 

To Regulate the Air Supply and thus control tl-.e mixture, the air damper B is placed in the air 
passage. This is siroplv a flat piece of metal arranged to swing about its base so as to shut off any 
part of the air. As shown, it is set for a rich mixture, whereas, if partly open, the proportion of air 
would be greater. _ 

T THE MATES OABBUBETOR (Example of 

Model used on the Saxon.) 

Carburetor Action: The float chamber main¬ 
tains a constant level or supply of gasoline for the 
motor. Gasoline flows from the feed pipe through 
an intake plug (P).thence through the float valve 
and into the float chamber (O). A cork float (F) 
raises or lowers the float valve, tnus regulating 
the incoming flow of gasoline in proportion to th« 
supply in the float chamber.. 

After leaving the float chamber the gasoline 
pssses through a nozsle <N) from which it is 
sprayed in a fine stream into the mixing chamber. 
F The quantity of gasoline passing through the nosxls 
is regulated by the “needle valve" (R). 

The suction created by the downward motion of 
the motor pistons draws air into the mixing chase- 
her <M) through the primary and auxiliary air 
inlets. This air flows into the mixing chamber 
around the nossle and picks np the gasoline which 
leaves the nozzle in the form of a spray. Thus the 
action of the mixing chamber is not unlike that 
of an ordinary atomiser in which the air, forced 
from the rubber bulb, picks up a certain amount of 
the liquid in- the bottle and sprays it out in the 
form of a fiine v^por. 



At the front end of the carburetor is the auxiliary air inlet (I). At low speeds, when only 
amount of air is being drawn through the carburetor, the spring (J) holds this valve almost shut. As 
the speed increases and more air is needed, the suction draws the valve further open, admitting more air 
and automatically producing the correct mixture for all motor speeds. 

When Adjustments are Necessary, observe the following instructions: 

Adjust float (F), which is right when about 9/16 in. from top of float chamber, or when In about 
the third groove on float valve stem. 

Slow Speed Idling: Throttle valve (T) should be adjusted at (A), to get proper speed for idling. 
The needle valve (R) is adjusted only to get proper mixture at low speed. The auxiliary air adjuetmeut 
(L) takes care of high speed. 

High Speed Adjustment: With the needle valve adjusted for proper mixture at low speed, the only 
adjustment required for high speed may be made from the dash, by means of dash adjustment, which 
operstes esm lever (L). For less air, pull the dash adjustment out. It is advisable to use as much uir as 
possible, as this gives best economy. 

Easy Starting: To start the motor, close starting valve (8), which is operated by rod running to 
front of radiator, crank motor, and open starting valve immediately. In starting, during cold weather, 
with the motor cold, the air can be cut down to suit conditions, then, after motor is warmed up, the 
air may be readjusted. 

If the weather is cold or extremely humid, turn the needle valve (R) at bottom of carbpretor' to the 
left for more gas, while the motor is running, until it flres evenly under load or while the car is in motion. 
Too rich a mixture will be distinguishable by black smoke from the exhaust. Too light a mixture will 
cause uneven firing of the motor. 

If the weather is hot or extremely dry, readjust needle valve, turning to right for less gas. 


IHABT MO. 89—Tbs Blaster Carburetor. Tbe Mayer. 

Master Csrburetor Co., Detroit; Mayer Carburetor Co., Buffalo, N. Y. 
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Principle of the Zenith Carburetor. 

We shall first consider a simple type of carburetor or 
mixing valve. This consists of a single jet (G), placed in 
the path of the incoming air, and fed from the usual float 
chamber (F), see fig. 1. 

As the speed of the engine increases, the flow of the 
air increases, but the flow of gasoline from the jet in¬ 
creases faster, causing the mixture to become richer and 
richer. The mixture is practically constant only between 
narrow limits and at very high speed. 

A second type of carburetor (fig. 2), is shown in which 
the spray nozzle receives its gasoline from the well (J). 

The gasoline in the well is fed by gravity only through 
compensating jet (I), and is not affected by the suction, 
as the well is open to atmospheric pressure. The flow of 
gasoline is therefore constant at all engine speeds, while 
the flow of air increases with the engine speeds, the mixture 
also becomes poorer and poorer as the speed increases. 

It will readily be seen that the second type produces 
the opposite effect from the first, while a combination of 
the two is shown in fig. 3, will result in a constant mixture, 
when jets are properly ch&sen. 

This construction, further illustrated in fig. 4, admits 
of the addition of the priming tube (J) extending into the 
secondary well (P) and opening at the point (U) of the 
closing butterfly (T). With the butterfly partially open, 
the suction at this point (U) is powerful and draws the 
well full of gasoline into the cylinders, effectively priming 
the engine. Also by the introduction of this secondary 
well, which measures the gasoline used in running idle, a 
perfect mixture is obtained at very low engine speeds. 

The level of the gasoline in the float chamber is set 
at the factory and need not be changed, but in case it does, 
the gasoline level is as shown on page 168. 

Causes and Remedy of Troubles. 

The matter in this page as well as the adjustments on 
page 182, refer to all types of Zenith Carburetors. 


If engine does not slow down or idle: If en¬ 
gine * ‘lopes ,* 9 that is speeding up and slowing 
down as if fitted with governor; evidentlv 
too much gasoline—(1st) adjust air screw (O). 
(2nd) look for air leaks at manifold and other 
joints. See that jets are tight on seat. (3rd) 
water accumulation in the passages; remove 
plugs under carburetor and clean (I) and (G). 

If engine does not pull properly going up hill: 
(1st) engine cold, insufficiently heated. (2nd) 
mixture too lean or too rich (irregular running 
results in latter case) try a larger and smaller 
compensating jet (I), using the one which gives 
best results. Also jet (G) and corresponding 
size of choke tube. 

If the car does not attain its proper speed: 
(1st) mixture too lean; try adjusting slow speed 
(O). If chronic, try larger main jet (G). (2nd) 

mixture too rich, try regulating air intake at Z 
(figure 2, page 159). If chronic try a smaller 
size main jet (G). 

When trying a new jet. the choke tube (X) must 
also be changed. Ohoke can be removed from upper 
part of barrel by removing screw (XI) and throttle 
valve. If stuck, remove cap and jet at lower part of 
carburetor and use a brass rod to drive it out. 


OHART NO. 90—The Zenith Carburetor: Principle. See page 159 for the Temperature Regu 
lator used with this carburetor. Also refer to index for “Specifications of Leading Cars*' foi 
users. (Zenith Carburetor Co., Detroit, Mich.) 




Fig. 1. A simple type of car¬ 
buretor. Jet (G), fed from float 
chamber. 
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e 6. Zenith 
type engine. 


‘Duplex” Carburetor for 


Adjustments of the Zenith: There are but two ad¬ 
justments on the Zenith. These adjustments are pro¬ 
vided to properly "idle'’ the engine. With the aver¬ 
age carburetor, if maximum speed is desired proper 
idling at slow speed is sacrificed or vice versa. By 
means of admitting more or less air, however, through 
the small slow speed adjusting screws (O) the Zen¬ 
ith carburetor will idle without “choking” and “lop¬ 
ing” and yet, the maximum speed can be obtained— 
providing, of course, the main jet, compensator and 
ohoke tube are the proper size. 

By referring to the illustration fig. 6 it will be 
observed that a small amount of air is admitted over 
and above the mixture through the plug (J) that is 
fed from the idling well. After the engine is speeded 
un the mixture is drawn through the main jet. 

There are three parts which must be of the correct 
siae. The choke tube (X), main jet (O), compen¬ 
sator (I). The size is determined by the manufac¬ 
turer. according to the type of engine; four, six or 
eight cylinder, bore and stroke. After once being 
fitted to carburetor then there are no other adjust¬ 
ments except the 6low speed valve (O) as mentioned 
above. 

If the choke tube is too large the pick-up will be 
defective and can not be bettered by the use of a 
larger compensator. Slow speed running will not be 
very smooth. 

If the choke tube is too small. The effect of a 
small choke is to prevent the engine from taking a 
full charge with the throttle opened fully. The pick¬ 
up will be very good, but it will not be possible to 
get all the speed of which the car is capable. 

If the main Jet is too large. At high speed on a 


Figure 6. Sectional view of Zenith Duplex. 

A—Main air intake, con- L—Lower plug, 
nected by flexible 
tubing to take air 
from around the hot 
exhaust pipe. O— 
float cover. 01— 

Needle valve cap. 

By unscrewing this 
the float can be op¬ 
erated for priming 
if necessary. 

gaso 


Connects to 
line supply.- 
D1—Filter screen. 

D2—To drain. 

E —High speed gas 

opening. 

El—Main jet set screw. 
F —Float (metal). 

G —Main jet. 

G2—Needle valve collar. 
H —Cap jet. 

I —Compensator. 

J —Priming plug in 
idling well. 

K —Low speed gas 
opening. 


N—Seat of slow speed 
adjustment screws. 

O—Slow speed adjust¬ 
ment screws. 

R—-Spring to hold float 
cover. 

S—Needle valve aeat. 

T—Butterfly throttle 
valve which ia oper¬ 
ated by Tl, which 
i s connected b y 
throttle rod to ac¬ 
celerator or hand 
throttle lever on 
steering wheeL The 
opening of T. when 
closed for idling, is 
regulated by the 
stop and two set 
screws shown to the 
side of Tl. 

Tl—L ever operating 
throttle butterfly 
valve. 

X— Ohoke tube. 

XI— Screw holding 
choke tube in place. 


... . .. „ level road it will give the usual indications of a 

rich mixture; irregular running, characteristic smell from the exhaust, firing in the muffler, sooting up 
at the spark plugs, low mileage. The influence oi the main jet is mostly felt at high speeds. 

If the main Jet is too small. The mixture will be too lean at high speed and the car will not ft**** 0 
its maximum. There may be back firing at high speed, but this is not probable, especially if the choke 
and main jet are according to the factory setting. This back-firing is more often due to large air leaks 
in the intake or valves or to defect in the gasoline line. 

The compensator (I): From the explanation of the Zenith principle given on page *81, it 
readily noted that the influence of the compensator is most marked at low speeds. The compensator 
size is best tried out on a hill, as regular as possible and as long as possible, and of such a slope that 
the engine will labor rather hard to make it on high gear. A long, even, hard pull of this sort taxes the 
efficiency of the compensator to the utmost, and will indicate readily the correctness of its adjustment. 

If the compensator is too large. Too rich a mixture on a hard pull. It will give the same indication 
as for rich mixture at high speed on the level. 

If the compensator is too small. Too lean a mixture. Liable to miss and give a jerky action in the 
car, on a hard pull. 

Remark: When trying out or fitting new jets, etc., tests should be made systematically, first startr 
ing the main jet, then the compensator, then the choke. Bear in mind that when the choke is increased 
the main jet should be increased. Water in gasoline will sometimes lodge in tube (J) ana prevent 
proper idling. Remove and clean. This is a common trouble unless a strainer is used. Temperature 
regulator type used on the Zenith is shown on page 159, fig. 2. 


tftART NO. 01—The Zenith “Duplex’* Carburetor (vertical type) as used on V-type Automobile 

and Airplane Engines. 
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The Hudson Carburetor 

Is illustrated below. The carburetor Is of the “metering pin” type, also called “meas¬ 
uring' ' pin. A fig. 1, is the measuring pin, which is controlled by a small lever connected 
with the “gasoline feed regulator lever.” This lever is connected with a lever on the dash 
which “measures out” the 
gasoline to be fed. A study 
of fig. 1, will make this 
clear. 


Instructions for Assembling Measuring Pin 
and Piston 


IMPORTANT 



The air entering carbure¬ 
tor is also controlled by 
“air lever” on dash. Note 
in fig. 1 , the body of car¬ 
buretor is not shown, but 
is illustrated separately in 
figs. 3 and 2 , 


msnn 

CLEAN 


CHhnttr 'T —LrwoI-END VIEW 


WHIN aELEMOLINC NSTERINO PIN AND *L*0 THE AIM REcl TO THE ■ 
THROTTLE BOOT MJRE ThI ARROW ON THI MU. POMf™ IN 

THE IAMB OIMCTION At THE PIN «ND OP ThI V GROOVE. VIC.. « 

AND THAT ARROW ON HU. ALIO POINTt IN BANE DIRECTION At 
ARROW IN THROTTLE OOOV. 






Float mechan¬ 
ism of the 
Tillotson cu r 
buretor, ust*<i 
on the Over 
land: Note 

level of gaso 
line. 


Tillotson Carburetor 

Used on the Overland engine is illustrated, 
may be termed a double jet, variable venturi cs 
buretor. 

A uniform partial vacuum is maintained at t 
fuel nozzle by two flexible reeds, which are mount 
in a cage, so designed that the maximum openii 
gives the required volume for maximum speed. 

When the reeds (fig. 2) are closed they cause tl 
highest possible vacuum at slower engine speed 

The reeds open and close 
according to the speed of 
engine. These reeds are so 
placed that as they move 
they form a virtual vari¬ 
able venturi. A secondary 
nozzle comes into opera¬ 
tion at higher speeds and 
is not in use at the lower 
speeds. 

Adjustment; there is but 
one, which is the needle 
valve. 



Position of reeds a 
wide open throttli 
High engine speed 


GHABT NO. OIB—The Hu ds o n Carburetor —metering pin type. The Overland Carburetor 
lotson). 
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SLOW SPEED AIR 
adjustment 



throttle 

STOP SCREW 


i 




FIG 2 


MiJkER Oi^nBER- 


^l£EVE^ 

svrahigls TueC'. 


^A)R INTAKE 


-li rr plate 

HiHG 


1HUET NEEDLE 


-TUiAT 

C M AMBER 


Pig. 1: Johnaon aid 
carburetor. 


Adjusting Johnson Carburetor (old style). 


HIGH SPEED 
3 ADJ 


Indications of adjustment: (A)—lean mixture; 
(B) —engine difficult to start; (C)—“popping- 
back” on quickly opening throttle; (D)—engine 
knocks when throttle is opened quickly; (E)—en¬ 
gine will not idle. 

Many mechanics can adjust this carburetor for 
high speeds but sometimes find difficulty in ad¬ 
justing for low speeds or idling. 


shown (fig. 1) is attached by two lugs fc;j 
what is known as the lift plate. This zing 
is somewhat curved, and if the slow speed 
air adjustment can be opened more thn, 
3% turns without obtaining good idling, the j 
curve is excessive and the ring should bi 
slightly flattened. j 

(10)—if on the other hand the air adjustment eaa-j 


The correct procedure of adjustment is as follows: 

(1) —retard spark. 

(2) —close the slow speed air adjustment screw 

(% 1). 

(3) —warm engine. 

(4) —see that the intake pipe manifold where it 

connects to carburetor flange does not leak 
air. Sometimes a water jacketed intake mani¬ 
fold will become ‘ 1 air-locked * 1 and water will 
not circulate, depriving it of heat. Open 
“plug,” as per fig. 1A, page 157. 


not be opened, the ring is too flat and should 
be slightly curved. The standard setting a . 
%2 in. from the edge of the ring to the lift 
plate to which it is attached. 

Adjusting (Model A). 

(1) —turn both idle screw and high speed needle 

(fig. 2), to their seats, and set the throttle 
stop approximately the correct position for! 
closed throttle. ! 

(2) —open the high speed needle 1% turns. This 

permits the engine to be started. Warm tfct 
engine up by running a few minutes. 


(5)—accelerate engine by opening and closing 
throttle rapidly. If mixture is too rich, ac¬ 
celeration will be sluggish; if too lean, it will 
1 ‘ pop-back” considerably. The spray needle 
adjustment should be set between these two 
points. 


(3) —place spark lever in full retard position, and: 

open the throttle until the engine turns at 1 1 
speed equivalent to about 20 to 25 miles per . 
hour. I 

(4) —turn high speed spray needle to the right us- 

til the engine speed decreases. 


(6) —retard the spark and close the hand throttle. 

Adjust the throttle stop screw until the en¬ 
gine runs very slowly regardless of whether 
it operates evenly or not. 

(7) —open the slow speed air adjustment until the 

engine idles evenly if possible. If it runs 
too fast close down the throttle stop screw. 
The adjustments on the stop screw and the 
low speed screw should be made simultane¬ 
ously. 

(8) —it may be found that the low speed air ad¬ 

justment cannot be opened at all. In this 
Case the low speed mixture is too lean. 
Possibly the low speed air adjustment can 
be opened more than 3% turns, when the 
mixture is too rich. Do not touch the spray 
needle setting, but proceed as follows: 

(0)—disassemble the carburetor. A small ring, 


(5) —then turn the spray needle to the left uBtil 

the engine speed increases and then deeretM | 
from a rich mixture. 

(6) —turn again to the right to a point midmji 

between the extremes. This is the eomet 
mixture and will give the best results for il i 
throttle positions. 

(7) —Adjust the throttle stop screw to the desired, 

idling position. 

(8) —if uneven firing occurs correct either by «*-| 

screwing the idling jet to enrich the mixture l 
or screwing up the idling jet to give a letter ( 
mixture. The average setting is % turn turn I 
the seat. This adjustment must be made wifi 1 
the spark and throttle levers fully retards. 
The float should set evenly all around, the bet 
tom being % in. from the float chamber seat at 
shown in fig. 2. 


Principle of Johnson Carburetor. 


The Johnson is a "gravity air valve type,'* with a 
single eoncentric jet, in which air valve is made up of a 
sleeve rising and falling by suction and gravity in cyl¬ 
indrical passage above jet. 

There are throe stages of vacuum; one is the space be- 


tween the throttle and strangle tube, the second, in i> 
strangle tube itself, and the third, in the space beiev 
the plate on the bottom of the air valve sleeve. By re¬ 
moving the location of the idling adjustment (in tg. lh > 
the flow of gasoline for this purpose has been broagU 
into a tone of greater vacuum and hence better lilhr 


NO. 02—Johnson Carburetor. See tl Specifications of Leading Cars” for users, page 54: 
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INSTRUCTION No. 14. 

"‘COOLING: Water Cooling. Circulating Pumps. Radiators. 
Fan. Water Thermostat. Radiator Damper. Air Cooling. 
Cause of Trouble in the Circulating System. Cleaning 
Radiator. Stopping Leaks. Non-Freezing Solutions. Heat¬ 
ing a Car. 


Water 

If no provision is made for cooling the 
cylinder of a gasoline engine, the intense 
heat of the explosions would heat it to a 
point that would cause the lubricating oil 
to burn, and become useless. At the same 
time, the cylinder must not be kept too 
cool, for that would prevent development 
of full power; the cylinder must therefore 
be permitted to get as hot as is possible 
without burning the lubricating oil. About 
170 degrees Fahr. or below the boiling 
point, appears to give the best results—see 
page 188, fig. 9. 

The cylinder may be cooled either by 
water or air, and while the greater number 
of engines are water cooled, air cooling, 
however, has been developed to a point 
where successful results are attained. 

The water cooling system consists of 
jackets (see fig. 6, page 188), around the 
part of the cylinder that is to be cooled, 
through which water may flow; a radiator or 
cooler for cooling the heated water; and 
some method of keeping the water in circula¬ 
tion, together with the necessary connec¬ 
tions (see charts 94 and 95). The jackets 
are usually cast in one piece with the cyl¬ 
inder, although in some cases they were 
formerly made by forming sheet copper 
around the cylinder to form passages 
through which the water would circulate. 
When heated, the water passes to the radia¬ 
tor, where the rush of air. to which it is 
exposed absorbs the heat, cooling the water. 


Cooling. 

To maintain the cylinders at a workable 
temperature, a quantity of water is carried 
in a supply tank or radiator, from which it 
is caused to circulate continuously through 
the jacket of the engine cylinder by a small 
pump driven direct from one of the cam 
shafts or by the thermo-syphon principle. 
The heated water from the cylinder returns 
back to the tank on radiator and then passes 
through a series of thin copper tubes. The 
object is to dissipate as much as possible, 
the heat absorbed by the water by exposing 
it to a large cooling surface of metal. 

The radiator system Is always fixed In 
the forward part of the car, to obtain the 
full benefit of the draught of air. The same 
water is used over and over again so that it 
is only necessary to replace the loss caused 
by evaporation and leakage. 

It is usual with radiator systems to have 
a rotary fan to assist In inducing a draught 
of cold air through the radiators and ac¬ 
celerating the cooling when the car is mov¬ 
ing slowly, as in hill-climbing or slow 
running in traffic. The fan is driven from 
the engine shaft by a belt or gear and fixed 
back of the radiator. (Fig. 6, chart 95.) 
The alternative method, which avoids the 
use of a separate fan, is provided by fan- 
vaned arms in the fly wheel. (See fig. 8, 
chart 94.) 

The two systems of circulation are the 
(1 thermo-syphon ’ ’ system and the 11 force M 
system/* 


Thermo-Syphon Water Circulation System. 


The thermo-syphon circulates the water, 
because when water is heated, it rises. The 
connections are the same as for the force 
system, except there is no pump, and the 
connection from the water jacket outlet to 
the top of the radiator slants upward. It 
is more necessary to have clear passages for 
the thermo-syphon system than for the 
force system, because the pump, in the force 


system, will force the water past an ob¬ 
struction that would stop the flow of water 
that moves only because of its heat. 

Height of radiator—Thermo-Syphon system— 
must be higher and lower than the extreme top 
and bottom of the water jacket. (See fig. 6, chart 
95.) 

Height of watef—Thermo-Syphon system—to 
properly circulate, water should be kept at level 
above top inlet of radiator. Below this point cir¬ 
culation ceases and water boils. 


Force Water Circulation System. 


In the force system, the engine drives a 
pump which keeps the water in constant 
circulation, as shown in fig. 4, chart 94 
and fig. 7, chart 95. The pump forces the 
water from bottom of radiator to the inlet 
at the bottom of the water jacket, through 


which it flows to the outlet at the top, 
whence it goes to the top of the radiator, 
flows through the radiator to the bottom. 
As it passes through the radiator tubes it is 
cooled. After passing through in this man¬ 
ner it is again drawn through the pump. 


•By referring to page 543, “Specifications of Leading Oars'* the cooling systems of leading cars, is 
given. 

** Lower priced cars show a tendency to use the thermo-syphon system whereas higher priced cars the 
pump or forced circulation. 
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Water Cooling Systems. 

Fig. 1—Thermo-Syphon Circulating Water Coal¬ 
ing Syria n. This system does not require a (one 
pump to circulate the water. The water enters the 
cylinder jacket at bottom. Upon becoming heated 
by the explosions going on within the engine the 
water rises to the top, entering the pipe and pas¬ 
sing into the radiator at top where it is brought 
into contact with a large cooling surface, in the 
shape of the radiator. On being cooled and there¬ 
by becoming heavier, the water sinks again to the 
bottom of the cooling system, to enter the cylinders 
once more and to repeat its circulation. The coal¬ 
ing action is further increased by a belt-driven fma 
which draws air through the radiator spaces. 

Fig. 2— A Thermo-Syphon system In which Inde¬ 
pendent pipes are taken from each pair of cyUnden, 
the outlet pipes joining at the upper or tank pert 
of the radiator. Cylinders in this instance are cast 
in pairs. 

Where cylinders are cast en-bloc, one water inlet 
and one water outlet pipe will suffice, as in Fig. L 

Fig. 8—Simple Thermo-Syphon Circulation. (Ren¬ 
ault system.) Pump dispensed with. The arms ef 
the fly wheel are designed to act as fan blades; a 
separate fan is unnecessary, but the underpart of 
the engine must be carefully screened in. 

Fig. 4—Forced Circulation Water Cooling System. 
A water circulating pump is used with this system to 
force the circulation of water through the water 
jacket and radiator. A fan is also used, but not 
shown, which is driven by a gear from a cam shaft 
The fan draws air through the radiator tubes 
Fresh air passing through the tubes tends to keep 
the water cool. At the point ”G” flg. 7. chart 95. 
gaskets are used to make water tight joints with 
the water pipes. 


Fig. 6—A gear type of 
circulating pump consists of 
two small gears with large 
teeth, the two being in mesh, 
and placed in a casing that 
fits as snugly as possible. 
The water enters- at one 
side where the teeth separ¬ 
ate and is carried around 
to the opposite side in the 
spaces between the teeth 
where it escapes through an 
outlet. This is the type in 
general use. 


Fig. 7—The rotary 
type of circulating 
pump consists of • 
ring-shaped casing, 
within which a disc 
revolves, the disc be¬ 
ing “eccentric,” ot 
to one side of the 
center of the casing 
Through a slot across 
the disc are two arms 
their ends being 
pressed .against the 
casing by a spring. 
As the disc revolves, 
the water is forced 
from the inlet to the 
outlet by the arms. 


Fig. 1—Thermo-Syphon principle of water cir- 
Jation. 


oulati 


-Forced or Pump principle of water cir- 


ouhllfon. 

The gear type pump is shown at the top, right 
hand corner. 


Fig. 9—This illustra¬ 
tion shows how the fan 
(see fig. 6, chart 95) 
draws air in through the 
cores in the radiator to 
keep the water cooled. 
This demonstrates clear¬ 
ly the function of the 
fan, and shows how 
futile is its attempt to 
oool the radiator when the winter cover is folly 
elosed. There is no cooling action to the fan unless 
the front of the radiator is at least partially ex¬ 
posed. 


Fig. 6.—The centrifu¬ 
gal pump acts on the 
principle of an air 
blower, and has blades 
projecting from a bub, 
which revolves at high 
speed inside of a casing. 
The water enters at the 
hub, and is thrown out¬ 
ward by the blades to 
outlet in casing. 


Fig. 6.—Centrifugal type. 
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CHART NO. 94—The Two Water Cooling Systems; the Thermo-Syphon and the Force System. 
Water Circulating Pumps. Purpose of a Radiator. 

Note—There is no chart 93—(error in numbering). 
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♦♦Circulating Pumps. 

Practically all pumps are driven by a There are three types of circulating 
gear on the crank shaft or cam shaft, so pumps, in general use, the 1 ‘gear type,” the 
• that the motion is positive, and without, “centrifugal type” and the “rotary type.” 
slipping. All forced circulating systems (see page 186.) 
must use a circulating pump. 

' Radiators. 


Radiators must be used with either the 
thermo-syphon or the force system. They 
are usually placed in front of the engine 
mounted on the frame, but in a few foreign 
makes of cars (fig. 3, chart 94) they are 
placed back of the engine next to the dash. 

There are numerous modifications and 
types of radiators, but are divided into 
two general types; the 14 cellular or honey¬ 
comb” and the “tubular.” (see page 190.) 

A tubular radiator is one comprised of a 
series of tubular water passages. These 
tubular passages may be arranged horizon¬ 
tally, vertically, at an angle; or bent in 
a zig-zag fashion that brings about a com¬ 
bination of the horizontal and vertical, or 
oppositely disposed angular flow of water 
through the tubes; the object of the latter 
generally being to imitate or bring about 
the appearance of the cellular construction. 
Several tubular radiator constructions are 
shown in fig. 6, chart 96. It will be 
noticed that many of these have the true 
honeycombed appearance. 

A cellular radiator is one comprised of a 
large number - of individual air cells, any 
one of which may be removed and replaced 
by another in case of leakage. The air 
cells may be entirely surrounded by water 
when the radiator is in operation and the 
course of the water circulation through the 
radiator is not confined to any definite hori¬ 
zontal, vertical or angular course. Several 


types of cellular radiator construction are 
shown in fig. 4, chart 96. 

A honeycomb radiator Is a term applied 
to a cellular type of radiator, therefore one 
has the option of calling a cellular type 
of radiator a honeycomb type. 

In order to- grasp the difference between a 
“cellular” and T< tubular” construction, it must 
be borne in mind that in the radiator the hot 
water enters at the top, passes downward through 
it and out at the bottom to the water jackets, be¬ 
coming cooler in its progress. 

In a “tubular” radiator, if vertical tabes are 
used, the water can pass downward through all of 
the forty or more tubes. If, one tube becomes 
clogged up, all of the water must go through the 
other thirty-nine. Each tube is a separate path 
through the radiator. . 

In the “cellular” radiator the water passages 
constitute a system of spaces or cells much like 
the cellular construction of plants or the wax 
comb in which honey is stored. Usually cellular 
radiators are formed in three or four divisions, 
as indicated by the horizontal lines across the 
radiator, see upper right hand corner, chart 
96. Where these lines cross the radiator there 
are open horizontal passages through which 
the water may flow from one side to the other. Id 
each division there is a series of zig-zag water 
spaces. In some types these spaces are really 
zig-zag tubes, but in others they offer not only 
an up and down path for the water, hut also inter 
connect to give a horizontal flow rr well. 

Tubular, radiators may he built np of tubes 
placed either vertically or horizontally, and which 
run through fins, as shown in fig. 5, chart 96. to 
assist in radiating the heat. The trne cellular or 
honeycomb type of radiator is not only more effi 
cient, but is more expensive to construct and is 
found more generally on the higher-priced cars: 


Fans. 


In order to cool the water sufficiently, a 
fan, driven by a belt, attached to a special 
bracket on engine, is shown in figs. 6 and 7, 
page 188. • 

Fan adjustment: the belt can be tightened 
by raising the fan by an eccentric adjust¬ 
ment, or by bodily lifting the fan and its 
bearing and tightening a bolt holding it. 

The belt should be kept tight. Slack fan 
belt often causes overheating. Ball bear¬ 


ings are usually provided and they should 
be kept well oiled —(this is quite often 
overlooked). 

The fan draws a current of air through 
the passages in the radiator (see fig. 9, chart 
94), in addition to that driven through it 
due to the forward . motion of the car. 
There are two types of fans in general use; 
the 4 blade and 2 blade—see chart 97. 


Regulating the Heat of the Water. 


A damper or shutter arrangement is shown 
in fig. 10, page 188. As stated on page 155, 
heat is necessary to vaporize the low grav¬ 
ity gasoline now used—especially when start¬ 
ing engine, otherwise raw gasoline will be 
drawn into engine and produce carbon which 
eventually causes overheating and other 
troubles, (see pages 205 and 623.) 

One method to produce heat quicker Is to 
dose shutters per fig. 10, page 188. -The 


water will then become heated quicker than 
if a circulation of air was drawn through 
radiator. After 41 motometer ’ f shows proper 
temperature, the shutters are opened, air cir¬ 
culation begins and temperature becomes 
normal. Control is from seat. This method 
and that of heating the intake manifold and 
drawing warm air into carburetor are mod¬ 
ern heating methods, (see pages 155, 157 
and 159.) 


Control of Water Circulation. 


A water thermostat is another device 
which will assist in heating the water 
quicker. It is placed in the path of the 
water circulating system. When water is 
below a certain temperature it closes a valve 
and stops circulation, when above a certain 
degree, it opens valve and starts circulation 
(used only with pump.system—see page 130, 
fig. 2). About 170 degrees Fahr. is con- 
**8e« foot note bottom page 186. 


ceded best temperature. Radiators of pres¬ 
ent day are made with ample capacity so 
that the overheating will not occur from 
lack of radiation. 

Temperature indicator—see fig. 9,* page 
188. 

A condenser, to prevent loss of alcohol— 
see page 730. 
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Fig. 6. Uluitration of the Golden-Belknap tnd Swart* 4 cylinder engine 
showing the outer water Jacket of cylinder removed to explain the water cir¬ 
culating system which is of the thermo-syphon principle. The reader will 
also gain an idea from this Illustration an to the Location of a starting 
motor (to tbs left) and the generator (front). The genera¬ 
tor is operated by silent chain (encased). Note the fan is 
operated from a pulley below. The pressure oil gange (see 
page 198). is shown to the left, above the foot pedals and is 
attached to dash. 
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Fig. 7. This illustration shows how the pump 
shaft on the forced water circulating system Is 
usually driven, also the fan. “G” are gasket 

connections which must be kept tight—usually 
made of an asbestos composition. (This is a 
force system.) 


DANCER! 

(iTVTRTOJRIWK The thermo* 

& etor bulb (B) ( 

does not a ’ 
tend to th« 
water 
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vapor abo*r > 
the water i> ■ 

indicated. 

Fig. 9. ▲ temperature indicator-^-the Boyce meW / 

meter: A very useful device for warning the drmr! 
when his engine is overheating, is called a “motometer" 
This device is placed on the radiator cap. The fluid is 
the tube reaches different levels according to the *tew j 
perature. These figures can be seen from the driven 1 
seat. If the level of the fluid reaches too high a poiat 
the driver is warned to stop and locate the trouble be i 
fore serious trouble develops. In this instance, firfi' 
determine the different causes of overheating and ti? 
first one, then the other until the trouble is Found. K 
you think the trouble is in the lack of lubrication, lad > 
of water or too much gasoline feeding at carbureter: 
examine each and remedy the trouble and watch the 
results. *A distance typo moto-meter is also made, 
which can be placed separate from radiator and », 
adapted for use on aeroplanes, motor boats, tracten. 
etc. (Boyce Moto-Meter Co., Long Island City, X. Y) 


Fig. 10. Hudson radiator damp¬ 
er or shutter, controlled from seat. 
The vanes (A) are housed in a 
special radiator shell. By move¬ 
ment of pull rod the side plate (B) 
closes or opens the vanes like a 
shutter thereby cutting off or on 
the air circulation, (see page 187.) 


Tig, 8. Radiator cover over tfc 
cooling surface of the radiate 
during cold weather is adviaahk 
The roll in front on the radiator 
cover can be lowered or raisd 
daring cold weather, until 
warms ap. Some merely tie a 
of card board over the lower _ 
of radiator and keep it there dir 
ing extreme cold weather. 

Hood cover: Daring cold weeth* 
the hood cover is advisable, as M i 
tends to retain the heat under tfc 

_G_O.Y£LSj hood. 


each* 
a tom 
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CHART HO. 95—Example of a Thermo Syphon Water Circulating System. Location of Pump mi 
Force System. The Temperature Indicator (Motometer). The Radiator Damper or Shutter. 

*High altitudes, say 10,000 ft. above sea level, boiling point of water is reached about below point indicated at Of 
of instrument. *See page 921. 
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Air Cooling. 


The object of cooling is to remove the excess 
heat from the cylinders. There are only <a few 
cars on the market in which this is accomplished 
by the air direct, without the use of water. 

Air cooling, however, is confined principally to 
am all engines, as motorcycle and cycle-car engines. 
Air cooling is not successful with large cylinders. 
It is necessary to give the cylinder a large surface 
on which the air may act, and the usual method 
is to make it with deep flanges projecting from 
the walls and head (as well as the valve cham¬ 
bers), which become heated, as they are part of 
the cylinder. (See fig. 6, chart 96.) 

When in motion, the current of air blowing 
sgainst the flanges drives the heat away. 

Air cooled engines have small cylinders, and 
must run at a high speed to develop their full 
power. 

••The Franklin air cooled engine is about the 
only successful engine for automobile pleasure cars 
employing the air cooled method. The six cylin¬ 
ders are 8)4 bore and 4 in. stroke, giving a 
formula horsepower of 25.3. 



Fig. l—Direct air cooling of the Franklin. 
The fly wheel is the only moving part of cool¬ 
ing system. 


Vertical steel fins are made integral with the 
individual cylinder casting, by having the iron 
poured around the strips of steel. very light 
aluminum jackets guide the air draught downward 
from the heads of the cylinders. 

By referring to the illustration the path of the 
air is shown, first through hood, thence over 
and down through the air jackets. The air is then 
deflected downwards and out through the fly wheel 
blades. 

Note the vanes in fly wheel which create a suc¬ 
tion equal to 2,200 cubic feet every 60 seconds; 
a continuous flow of air literally wiping the heat 
away. It is stated that the heat on a Franklin 
engine is about 850° Fahr., see fig. 4, page 157 for 
Franklin exhaust heated inlet manifold. This 
heat is shut off after engine is warmed up. 

The Franklin at one time employed auxiliary ex¬ 
haust valves to assist in dispelling the heat of 
explosion from the cylinder as rapidly as possible. 
This method, however, has been discontinued. 

▲ forced draught air cooling system (fig. 7, 
chart 96), formerly used years ago on a prominent 
make of car. With this system the circulation of 
air was forced through jackets, placed around each 
cylinder, open at the bottom and top, being con¬ 
nected to a pipe from a centrifugal air blower or 
fan. The forced air passed the radiator flanges, 
and out at the bottom. In some respects, this 
principle is similar to the Franklin. 

The different methods of air cooling are summed 
up as follows: 

(1) By having a large radiating surface by 
means of cast flanges or gills, inserted pins or 
tubes. (2) By using extra large exhaust valves, 
so as to cool the combustion space between power 
strokes. (8) By combining large radiating sur¬ 
faces with low speeds in multiple-cylinder engines. 
(4) By the use of auxiliary exhaust ports, com¬ 
bined with surface radiation. ((5) By forced 
draught of air circulating through an air jacket 
around the cylinder. 


Water Cooling Troubles. 


•Overheating: Assuming that the design 
and the construction of the engine, includ¬ 
ing all features of the cooling system, are 
correct, then, outside of leaks, insufficient 
water and bursting of the water jackets 
from freezing, overheating is the final re¬ 
sult of all troubles from the cooling system, 
and overheating is due to either or all of 
these secondary troubles which may in turn 
originate from a number of primary causes. 

Secondary causes: First, the circulation 
of the water through the system; second, 
the conductivity of the heat through the 
walls of the cylinders or radiator tubes; 
third, the passage of air through the radia¬ 
tor and around the cylinders. 

Primary causes of overheating in both 
thermo and forced circulation: (1) Insuf¬ 
ficient water supply in radiator; (2) con¬ 
stricted holes in gasket where pipe connects 
to cylinders and on pump; (3) frayed hose 
connection; (4) incrustations or lime de¬ 
posits on walls of cylinders or radiator 
tubes; (5) mud between fins or cells of 
radiator; (6) water frozen at bottom part 
of radiator. 

Overheating causes in forced circula¬ 
tion: (1) Broken fan belt; (2) fan belt 
too loose; (3) tight fan belt bearing; (4) 
improperly bent fan blades; (5) broken 
pump shaft; (6) lost pin from pump shaft 


coupling; (7) lost pin from pump shaft 
gear; (8) lost pin from internal pump 
mechanism; (9) pin holding pump shaft 
sheared off, but shaft continues to revolve. 

Other causes for engine heating: A short¬ 
age of lubricating oil or a poor grade; too 
rich a mixture with a retarded spark will 
cause overheating; the spark bears a fixed 
relation to the mixture, which is best 
learned by experience. The valves being 
set wrong will also cause heating; for in¬ 
stance, if the exhaust valve does not open 
and close at the right time the heat or burnt 
gas will not be discharged properly. Pre¬ 
ignition, want of compression, old oil being 
used too long; (cheap oils are false economy 
and only the best grade should be used). 
Improper driving will produce heating, 
particularly in hilly districts, by hanging 
on to the third or fourth speeds when as¬ 
cending inclines and so causing the engine 
to labor, and running on retarded spark. 

In some engines an inclination to over¬ 
heat gradually develops as the car gets 
older, and appears to defy all efforts to 
remedy by means of carburetion or igni¬ 
tion. 

This may be due to the clogging of the 
cooling system with incrustation or deposit 
in the wallj of cylinder jackets and water 
system generally. 


"Also see index for 4 ‘spark control and overheating.* 4 **See index for “Franklin engine.'* 

**The Holmes Automobile Co., Canton, O., are also manufacturers of an air cooled car with many 
distinctive features. 
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The radiator is usually placid in the front of a car. Thf- wafrr, after 

leaving the lower part of radiator, pae^s through the water jacket of engine, 

where it becomes heated, and is then forced through the radiator tubes 
where it is cooled. The water is cooled by air currents passing around the 
tubes, extracting the heat, in proportion to the available cooling surface 
exposed. 

The cellular type is generally used on pleasure cars and the tubular type 
on commercial cars. 
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The FIAT design of eel- i 
lular radiator. 


Other designs of cellular 
type radiators shown bslsw. , 





The long narrow radiator 
is quite often used on rue- 
ing cars. 



Fig. 6. An air 
cooled cylinder, with 
radiating flanges. 
Type of cylinder us¬ 
ually employed on 
motorcycle engines. 
While in motion the 
air current carries 
off the heat deflected 
from the flanges. 



Fig. 7. ▲ system of air cooling 
by a forced draught method—for¬ 
merly used on a prominent car. 
This principle is now obsolete. 
See the Franklin method, the only 
successful air cooling method in 
use at the present time. 



Fig. 9. Extension — aim> called a 

syphon tank: This tank (S) on ths 
thermo-syphon system is used to give a 
greater body of water for the double par- 
pose of more thoroughly absorbing the 
steam emerging from the water jackets 
and to maintain a constant level. 

With a pump system the volume of 
water is quite as essential as the oeohag 
effectiveness of the radiator—therefere 
it is a desirable feature on all radiators. 


” ART NO. 96—Types of Radiators. Air Cooling Methods. See page 188 for radiator damper or shaft* 
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*To dcMmint if the boiling is due to stoppage 
of circulation, feel of radiator; it should be 
■lightly hotter at the top than at the bottom, but 
if clogged there will be a pronounced difference in 
temperature. 

$ Water Boiling. 

Water boils at 212 degrees Fahrenheit at atmos¬ 
pheric pressure. For this reason the cooling sys¬ 
tem of an automobile is so designed that the 
water is at the temperature of about 170 to 200 
degrees under average running conditions. 

This leaves quite a margin before the boiling 
point is reached. When climbing a hill with a 
retarded spark the engine naturally becomes 
wanner and for this reason the margin is left 
although as a matter of fact the engine would run 
at a higher efficiency if the temperature of the 
cooling water could run higher. If the cylinders 
are kept too cool, it means that too much heat is 
being withdrawn from the explosions. On the 
other hand, if permitted to become too hot, power 
!■ lost through:—(a) the entering gases being un¬ 
duly rarifled or prematurely expanded, and there¬ 
by Containing less combustible material per vol¬ 


ume; (b) friction due to the thinning of the oil. 
and probable binding or seising of the piston or 
bearings. Therefore the best water temperature 
to maintain is about 170 degrees, (see fig. 9. 
page 188.) 

Badiator Damper. 

Improvements in water circulation are shutters, 
as per fig. 10, page 188. A very efficient heat 
conserving device. Engineers saw the futility of 
putting gasoline into an engine to get heat and 
at the same time permitting great drafts of oold 
air to be drawn through the radiator to drivh 
away the heat. Therefore the shutter was devised 
to retain the heat, especially on starting during 
cold weather. 

ft Water Thermostat. 

In addition to the radiator shutters, we have 
the heat * 4 thermostatically" controlled, which 
is another great advance to conserve engine heat. 
See fig. 2, page 130. In addition to these devices, 
warming devices have been invented to deflect the 
heat from the exhaust manifold into the air 
chambers of the carburetion, as per pages 167 
and 159. 


Miscellaneous Cooling Troubles. 


Water: In localities where pure water Is not 
easily obtained it. is well to strain the water 
through muslin. Soft water is better than hard 
water, because the latter is apt to deposit a scale 
on the walls of the radiator. The best water to 
use is rain water. 

It is very hard to tell whether water is hard 
or soft, but the following may be used with suc¬ 
cess: Take a quantity of water in the hands and 
go through the motion of washing. If it is diffi¬ 
cult to rub the hands together the water is hard. 
Ordinary city water is generally hard to some 
extent, but is not as bad as that which is found 
in streams. Rain water is very soft and for that 
reason is desirable for automobile use. 

Many automobilists have a rain catcher on the 
roofs of their oarages, while others depend on 
the old-fashioned rain-barrel. The water should 
be filtered first, however, if it is taken from the 
roof, as it is apt to contain impurities. But even 
with fairlv soft water the monthly use of a 
soda solution will prevent harm (this applies 
only in districts where the water is unusually 
hard). 

The pump requires no attention, other than to 
see that it does not become choked by using dirty 
water. There is a “packing nut" on the shaft, 
which, if the pump should ever leak around the 
■haft entrance, should be repacked. This can 
very easily be done by turning off the packing 
nut, removing the old packing and rewinding the 
shaft with a few inches of “well graphited pack¬ 
ing" and tightening up the packing nut. The 
packing should be wound on in the same direc¬ 
tion as you turn the nut to tighten it. 

The fan requires no particular attention, ex- * 
eept oiling. Sometimes the belt gets loose and 
causes the fan to slip and not to turn as rapidly 
as it should, causing overheating of engine. If 
this happens, loosen the nut which holds the ec¬ 
centric arm of the fan, raise the arm slightly and 
retighten the nut. This will tighten the belt. 
Note—This nnt frequently has a left hand thread. 
Don’t tighten too tight as you are liable to crack 
.the fan support, (see page 788.) 

fCleaning radiator: A good way is to dissolve 
a half pound of lye in about five gallons of water. 
Strain through a cloth and put in the radiator. 
Bun the engine for five minutes, then draw off the 
cleaning mixture. Fill with clean water and run 
the engine again; remove the liquid once more, 
and finally refill the cleaned cooling system. 
Avoid the use of more powerful chemicals. Or¬ 
dinary baking soda can also be used, by mixing 
% lb. to 4 gallons of water. It is best to dis¬ 
solve the soda in warm water before pouring it 
into the radiator, otherwise the crystals drop to 
the bottom. If the cooling system seems to be 
very dirty as far as scale goes, it would be very 
wise to run the soda solution through it several 
times in order that all of the scale will be re¬ 
moved. 


It Is a good plan to drain the water from the 
radiator about once a month and refill with clean 
pure water (soft water, if possible), opening the 
drain cock and continuing to pour water in after 
the system fills in order to flush it out thoroughly 
letting all accumulated -dirt, etc., run out. An 
effective way to do this is to keep on filling the 
radiator while the water continues to run out 
below; when the water begins to look clear, stop. 
Close the drain cock after you are satisfied that 
the system is thoroughly clean. OB must not be 
allowed to get into the cooling system, for it in¬ 
terferes with radiation. 

Cleaning a muddy radiator: If the air spaces 
of the radiator become clogged with mud, after 
driving over dirty roads, do not attempt to re¬ 
move the mud with a screwdriver, wire, or other 
metal instrument. Instead, soften the mud with 
water. The best way is to wash the radiator by 
flushing a stream of water from a hose through 
it from the rear. In doing this, take care not 
to let water get into the magneto, which is apt 
to be short-circuited in that way. 

• ♦♦Leaky Radiators. 

Leaks in the radiator are often hard to reach. 

They are detected by the steam arising from the 
water that flows through the leak and down the 
outside of the radiator. The great facility with 
which the cooling water will boil after the radia 
tor has ‘been refilled is another clue which, al 
though it is common to all leaks in the system, 
will lead the operator to the point at which it 
occurs. 

Testing for leaks: see pages 194 and 715. 

The act of scouring out the circulation system 
with a strong alkali, such aa soda, will sometimes 
tend to seal up any small leaks, and it might 
also be effective for a slight crack in a water 
jacket as the soda, coming in contact with the 
iron, would forpi an insoluble filling and prove 
even better than rusting up the crack. 

The standard honeycomb radiator is somewhat 
prone to these leaks; the metal is so thin and 
.the joints so numerous, and it is not always pos¬ 
sible to have a leak soldered up at the required 
time. In this case recourse can be had to a small 
useful accessory known as a "leak preventer." It 
consists of a couple of small plates or washers 
with a piece of sheet rubber fixed on; these plates 
have hooks so that a spiral spring can be fixed 
on to draw them together. The spring is threaded 
through the aperture at the leaky cell, the plates 
hooked on, and thus held firmly up against it. 
Most accessory houses keep them, and if the car 
has a honeycomb radiator it pays to carry sev¬ 
eral of these devices. The construction of this 
type of radiator lends itself to a repair of this 
kind, but leaks in other forma of radiators, when 
they occur on the road, are rather troublesome. 
Even soldering them is by no means an easy job, 
there being such a large mass of metal that the 
solder cools as soon as it touches it. 


tSee page 789. ttSee also page 860. tWater heats quicker at high altitudes, see page 582. 

Many small leaks or drips about the cooling system con be traced to loose rubber hose. 

♦♦Small water leaks in the water circulating system can be stopped by the use of preparations made for 
the purpose—see foot note page 715. One manufacturer states that ordinary bran mixed with the 
water will stop a slight leak. The writer has never tried this. 
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Examine circulating pump 
shaft and see if pin is 
sheared; if engine overheats. 


When placing water 
back, pnt white lead on the 
end of pipe. 


When placing water head 
casting back on top of cylinder 
use shellac or white lead on the 
gasket. 


\irLM* 



Where the leaks ere eften 


If there are water pipes instead of a 
casting; use shellac or white lead on the 
gaskets. Screw up gaskets tight, but 
not too tight and strip the threads 
cap screw. 


♦An air lack 

often occurs ia 
the top of sa 
inverted U 
bend in the 
ggla water tubing 
of an engine, 
which means 
that almost the whole flow of water has been stopped 
at that point. No amount of pressure from the water, 
can dislodge the air, because its only effect will be te 
compress the air in. the top of the bend. The remedy, 
is either to release the air at the top, by putting in s 
pet cock, or else to empty the water and carefully refill. 






Use rain water for the radiator, if 
there ia a lot of lime in the water and it 
is constantly clogging up. See page 191, 
“cleaning radiator.*’ 


If engine heats, or water boils over, 
examine the fan belt, see that it is tight 
and fan runs up to speed. There is us¬ 
ually an adjustment for taking up slack 
belts. A little Fullers earth on a greasy 
belt, will make it grip if it slips. 


A two-blade fan 
—called the pro¬ 
peller type. 



Make sure 
that spark- 
plugs arc 
screwed i a 
tight. • L o s i 
o f compres¬ 
sion will re¬ 
sult, and miss¬ 
ing, a natural 
consequence. 


Heating the Car. There are Three Heating Principles: 

(1) hot water; (2) exhaust gas; (3) hot 
air. The two former mentioned are ex¬ 
plained in chart 98. 

The Brickley hot air heater takes the air from 
the fan through a funnel opening, and a flexible 
metal hose; drives it through a metal jacket 24 
to 30 inches long, which covers the “piping hot” 
exhaust pipe, and warms it thoroughly. Then 
drives it through a 1%-inch opening in the floor 
of the car, into a tubular register, along the back 
edge of the front seat; sending a continuous 
stream of heated air into the car. (Exhaust gases 
not used.) 



CHART HO. 97—Cooling Troubles and Remedies Illustrated: Fans. Heating a Car. 

*When filling radiator which is empty, open pet cock on water pump for a moment to prevent air pocket. 
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Another plan Is to carry a small box of white 
lead of a suitable consistency. If the water 
Is not coming through quickly, a temporary re¬ 
pair can be made with this, especially if a piece 
of tape can by any means be bound over the re¬ 
pair. It is often possible to hammer up or plug 
a leakage in a tank or radiator. 


ATT .lift **The rubber hose and its 

connections are often a 

it^m 

become ragged-looking on 
the outside. The rubber which surrounds the 
fabric will commence to have a torn appearance 
and the water will seep through the fabric. There 
are two ways of remedying this; one is renew 
the hose and the other is to repair old hose. The 
drat is the better and more permanent repair. 
In doing this a piece of hose of the same thick¬ 
ness ana length as that now in place is secured. 
The clamps which hold the hose in place are re¬ 
moved. The new hose is slipped in place and the 
elamps put over it and screwed up tightly, if 
they are of such a type that they are secured 
by a small bolt. If not, the operator will do 
very well to obtain same. The oost will be small 
and they are easily removed, being far bettex 
for this work than wire or any similar contrivance. 
Paint all threads of water pipes with white or 
red lead. 

Cylinder leaks: A slight leakage of water from 


the jacket into the oylinder may be caused by a 
crack, but more usually will be found to be' sim¬ 
ply a defect in the seating of pipe plug fitted in 
the heads of many engines. 

♦A crack In cylinder—when on the inside. Is 
difficult to locate. Its action may be of such a 
nature as to be only operative when the engine 
is at full working heat; due of course to the ex¬ 
pansion. It is generally accompanied by mis¬ 
firing and boiling. The former owing to leakage 
of water into the cylinder and the latter owing 
to the exploding gases (at a very high tempera¬ 
ture), being forced into the water jacket. 

The best means of detection, is to fill radiator 
entirely to top of cap, run the engine till hot, 
then stop it and turn it over by hand, against 
the compression in each cylinder, if there is a 
crack: bubbles will appear at the cap. So by not¬ 
ing the compression of each cylinder, the defec¬ 
tive one can be located. 

Slight leaks Inside of cylinders have been rem¬ 
edied by rusting if the hole is very small. See 
page 713, "rusting a hole in cylinder." 

Gasoline leaks: A temporary repair for a slight 
leak in a gasoline tank can be made by applying 
ordinary soap. Such a repair may last till the 
defective part can be soldered. Leaks at gaso¬ 
line taps can generally be cured by screwing up 
the nut securing the tap plug, or by grinding In 
the tap with crocus and oil. 


Cold Weather 

In wjnter, a water cooled engine must be care¬ 
fully guarded against fr easing, for if the water 
freeses in any part of the system it will cause 
the breakage of piping or radiator, or crack a 
water Jacket. When the engine is running, the 
water is kept warm, therefore no danger; it Is 
when engine is stopped that care must be taken. 

When leaving the car for several days, during 
cold weather, the safest plan is to drain the water 
oat of all parts of the system, cocks being pro¬ 
vided for the purpose at the lowest point of the 
system, usually at the bottom of radiator. The 
engine should be run for a few minutes to make 
sore all the water has been removed. 

1 Non-Freezing Solutions. 

To prevent the water from freezing when it is 
net desirable to drain it out, either wood alcohol, 
denatured alcohol or glycerine may be mixed with 
the water. The alcohol mixture is as follows: 

ffWood Alcohol and Water. 

10* above sero; 80% water, 20% alcohol. 

Zero; 76% water, 25% alcohol; sp. gr. .969. 

7* below sero; 70% water, 80% alcohol; sp. 
gr. .968. 

22* below sero; 60% water, 40% alcohol; sp. 
gr. .951. 

Xf denatured alcohol Is used, increase percentage 
In above table by approximately 16. 

Tor evaporation—use 75% alcohol to 25% 
water—aa the alcohol evaporates quicker. This 
does not apply to loss by leaks or boiling over. 

A hydrometer can be used for mixing and main¬ 
taining correct solution, by first testing the orig¬ 
inal and keeping it up to a standard of 1250 
gravity. 


Glycerine and Alcohol. 


•O to 16 above sero: 

Alcohol. 

Glycerine . 

Water . 

- 10% 

.... 10% 
.... 80% 

Hot lower than 5 below: 

Alcohol. 

Glycerine . 

Water . 

.... 15% 
.... 16% 
.... 70% 

lot lower than 15 below: 

Alcohol. 

Glycerine . 

Water . 

.... 17% 
.... 17% 
.... 66% 


•Bee pages 713, 715. ttSee page 585 ‘‘freezing 
correct. 

fAntt-freesing powder is used extensively. Sold by 
non-freesiug for reasons given on page 585. ttOx 
the pipe it is not only connected with a connector. 


Precautions. 

Where glycerine is used only alcohol need be 
used for evaporation, which should be added occa¬ 
sionally. The glycerine does not evaporate with 
the water. A simple solution of alcohol, while it 
is not injurious in any way, lowers the boiling 
point of the water. Oonsequently on warm days, 
with the car standing and the engine running, the 
solution will tend to boil easily and evaporate. 
The boiling point of denatured alcohol is about 10 
degrees higher than that of wood alcohol. 

••The urfe of glycerine raises the boiling point of 
the solution. It is more expensive than alcohol, 
(a pound of glycerine costs 88He. There are 8 
lbs. to a gallon) and is slightly injurious to rub¬ 
ber. A combination solution of alcohol and glyc¬ 
erine in water is most satisfactory but expensive. 

There are three grades of alcohol; denatured 
which is a disguised grain alcohol of first still, 
(not suitable as a beverage). It sella for $1.06 
per gallon and has a higher boiling point than 
wood alcohol. Wood alconol sells for $1.60 per 
gallon and has a lower boiling point. The high 
proof or double still grain alcohol used as a bever¬ 
age is too expensive. Therefore, denatured alco¬ 
hol is cheaper and the proper thing to use. tfAIr 
cohol bo Us at 172*. Therefore don't overheat engine. 

Calcium chloride or any alkaline solution, Is 
injurious to metal parts. 

If calcium chloride is used, then the proportions 
are: 3% pounds to a gallon of water for sero 
weather, and 4 lbs. for 17 r below. In using caloium 
chloride it is the acid in it which attacks the 
metal. This can be neutralized by adding a mmoni a 
or soda ash until blue litmus paper no longer 
turns red when dipped into solution. 

If the cooling water should freese; the usual 
indication of a frozen radiator is steaming exces¬ 
sively. It would appear that the steam or heat 
would thaw it out and start the circulation again, 
but such is not the case. When the water freeses 
don’t run engine to try and start circulation. Find 
the nearest warm garage and, if possible, turn hot 
water onto the bottom of radiator until steaming 
ceases, as a radiator in this instance usually freeses 
at the bottom first, (see bottom of page 788.) 

In addition to non-freeslng solution, it Is 
always well, when making a stop, to cover hood 
and radiator. 

Also draw in a full charge of gas by speeding 
up engine and opening throttle before stopping. 

In carbide gas lighting generators 'using the 

water drip, a suitable non-freezing solution is 
alcohol and water, same proportion (no glycer¬ 
ine). 

point of gasoline, alcohol," etc. ••Prices not now 

all supply houses. Kerosene is not suitable for 
i airplane engines, where hose connection is made to 
but connection is taped and shellaced. 
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Radiator Leaks. 


Testing for leaks: It is hard at times to detect the exact spot at which a leak occurs in a radiator. 
When this is the case take the radiator off and after plugging all but one of the openings, run the take 
of a tire pump through a cork and then place the cork in this last opening. Place the radiator in a tab of 
water (per fig. 1) and then pump air into it. Bubbles will issue from the points of leakage. This ahoald 
be immediately marked so that it can be found again after the radiator is removed from the water. The 
leak is then repaired by soldering as per fig. 2 and filed smoothly as in fig. 3. When soldering, remember 
that the metal must be scrupulously clean before the flux is applied or else the solder will not hold. 

8mall leaks are dealt with on pages 191 and 193, also see page 715. It is advisable to have this work 
done by a specialist. 



Fig. 6.—Showing 
how the paint is 
sprayed on the 
radiator (seepage 
509, for paint). 


Painting a Radiator. 



It is very difficult to paint, a radiator quickly and thoroughly with a paint brush, and the usual plan, 
where a great deal of the work is done, is to dip the radiator in a paint solution. A very satisfactory Job 
can, however, be quickly done with a spraying outfit. A very simple and home-made device is here 
Illustrated. 

It consists simply of a construction such as is shown in fig. 4, in two sizes and designs, which com- 

S rises a can for the paint, consisting of a mixture tf lampblack and turpentine, a hollow cylindrical tin 
andle attached to the can, an air pipe (A) passing through the handle and through can, as indicated br 
the dotted lines; and another similar pipe or tube extending downward at right angles from the one end 
of the horizontal tube into and near to the bottom of the can, as is also indicated by dotted lines. 


It is a simple adaptation of the principle employed in most atomisers. When a stream of air is 
forced through the air tube, passing through the handle and directed across the opening (0), at top of the 
vertical tube the fluid from the inside of the can is drawn up and sprayed onto the radiator. It is best 
to tilt radliator when spraying, so solution will drain off. 


Hot Water Heat For Oar. 

The illustration shows a hot water heater for heating the interior of car. The hot water is taken from 
the water jacket of the cylinder nearest the dash of the car and is circulated through the heater, whence 
it returns to the bottom of the radiator, stop cock on intake line. Portions of floor are cut away, al¬ 
lowing the surface of the heater to be flush with the floor. 


The radiator heater is made of regular water piping and the housing of aluminum or light cast iron. 
The top plate is made of aluminum with holes as shown. This system can be used only where there is s 
circulating pump. 



The box to hold the heating pipes can 
be cast at a small cost by a foundry. 
Sheet aluminum can be secured at the 
metal dealer. 

Another method for heating is to util¬ 
ize the exhaust gases instead of water. 
In this instance the pipes would be eon* 
nected with exhaust pipe instead of the 
water pipe. Only one side, the inlet 
would be connected and an outlet is pro¬ 
vided for the emission of the gas. 

See another plan for heating a car on 
page 192. 


CHART NO. 98—Repairing Leaky Radiator (see also page 715). Painting a Radiator (see also 
pages 194. 509, 736, 584). Hot Water Heatlngof Car. 
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Fig. 1. Some of the early method! of engine lubrication. There are four different systems shown on 
this engine in order to clearly explain each system. The systems are enumerated and described below. 

Explanation of the Four Engine Lubrication Systems—Above. 

First: We will follow out the splash system; we will assume oil is placed in crank case 
through breather pipe. The scoops (O) on end of connecting rods pick up the oil from troughs 
(E), and splash it te the various parts. 

Second: Force feed, splash and gravity. We will assume the splash system just de¬ 
scribed is a part of this system. The overflow passes to reservoir (V), it is then forced by 
pump (M) to a gravity feed reservoir placed on top of engine. The passage is then through 
the different pipes (S to L) to the bearings, thence back to the troughs (E) and reservoir (V). 
This system would also be termed a circulating system, as the oil is in continual circulation. 

Third; Separate forced feed and splash. The mechanically operated pump is driven by belt, 
chain or bevel gears. There are several small pumps under the oil reservoir box (N), in 
fact a pump for each feed; each separate feed is piped to the different parts to be lubricated. 
The oil passes through a sight glass (G). The oil then passes £o bearings and falls to bot¬ 
tom of crank case. The oil reaches a level or height in the crank case so that the connect¬ 
ing rods give an additional lubrication by splash. The amount of oil fed is regulated by 
drops, through the sight glasses, by the regulation of the screws (D), and depends upon the 
size of engine and speed. (Note—pipe (P4) is not connected with this system.) This would 
be termed a non-circulating system. 

Fourth: The exhaust pressure feed and splash. This system consists of an air tight oil 
tank or reservoir (PT). A small pipe (PI) connects the tank with the exhaust pipe. A check 
valve permits the gas pressure to pass into tank but not to flow back. 

The initial pressure is given to the tank by a small hand pump through pipe (P2). After 
engine is started, the pressure from exhaust is sufficient to force the oil through pipe (P4) 
to sight feed glasses, thence to the various parts to be lubricated—thence to crank case. 

This system, like the third system, requires oil to be fed by drops as it is not pumped 
over and used again and would be termed a non-circulating system. 


GHABT NO. 99—Engine Lubrication Systems. The above explains some of the original system 
of oiling. The modern systems are explained farther on. 
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DYKE’S INSTRUCTION NUMBER FIFTEEN. 


INSTRUCTION No 15. 

LUBRICATION: Different Engine Lubricating Systems. General 


Lubrication. Lubrication 
Pumps. Oil Pressure. 

Purpose of lubrication: When two parts 
of a mechanism rub together, it is necessary 
to use some means of preventing excessive 
friction, and this is usually done by apply¬ 
ing lubricating oil between them. With¬ 
out a lubricant the friction would cause 
heating, and the result would be cuts or 
•cratches on the surfaces of the two parts. 

Two parts intended to rub together, like 
a shaft in its bearing, should be made as 
smooth as possible, for roughness would 
eause friction that lubrication could not 
prevent. The more rapid the movement of 


Troubles. Carbonization. Oil 


the parts against each other and greater 
the pressure the more they must be lubri¬ 
cated. 

A bearing in which a shaft is turning at 
a constant speed requires a constant supply 
of oil which must be fed to it regularly as 
required. Too much oil would be wasteful, 
and too little would permit the bearing to 
become heated. All the mqving parts of 
an automobile must be lubricated, but as 
some parts move much more than others 
and are subjected to greater strain and 
pressure, the kind of lubrication must be 
varied to suit these conditions. 


Thp principal parts of an engine to be 
lubricated are: main shaft, cam shaft, crank 
fin and wrist pin bearings; cylinder walls; 
platan and piston rings; valves; push rods, 
etc. 

Methods of engine lubrication may be 
divided into two general classes; the "cir¬ 
culating " and the * ‘ non-circulating ’ * sys¬ 
tems. 

The circulating systems would be repre¬ 
sented by systems having a continuous cir¬ 
culation of oil and is frequently termed 
the "pump over" system. For instance, a 
system using a force pump for pumping 
the oil from the lower part of the crank 
case to the upper part, with a drain back 
to the lower part again, would be termed 
a "circulating system." 

A non-circulating system, such as a drip 
or gravity system, or a mechanical feed; so 
many drops per minute, depending upon the 
speed and size of the engine, with no pro¬ 
vision for circulating the oil again, would 
be termed a "non-circulating system." 

These systems may be combined, which 
is frequently done. For instance,, the com¬ 
bination of a "force feed" and "splash" 
system. 

But speaking generally, the systems can 
be grouped under: (1) splash and (2) force 
feed lubrication. 


Engine Lubrication Systems. 


flows to the oil trough from where it is 
picked up by the connecting rod and splashed 
to parts above. C is the cylinder and B the 
bearings. S is the crank pin. The oil in 
the lower part of crank case is kept at a 
sufficient level for the connecting red to 
pick it up and splash. The filling is done 
once in a while as re¬ 
quired, by pouring the oil 
in by hand. 

The oil cups feed by 
drops and usually the 
manufacturer determines 
how many drops per min¬ 
ute are required. 

The oil flow is not eon- 
trolled by the engine, and 
each cup is therefore pro¬ 
vided with an adjustment, whereby the feed 
may be regulated when the engine is run¬ 
ning, qnd turned off when it is stopped. 
This would be classed as a "non-circulating 
system. ’ * 

This system Is used extensively on two 
cycle marine engines, and stationary en¬ 
gines. Two cycle engines are also lubri¬ 
cated by mixing the oil with the gasoline 
through the mixing valve, the mixture be¬ 
ing about one pint of oil to five gallons of 
gasoline. 



Drip (or Gravity Feed) and Splash. 

This non circulating system consists of a 
drip or gravity feed oil cup placed over the 
bearings and also on side of cylinder. Spe¬ 
cial oil cups are required for the cylinder 
which will prevent the compression, in¬ 
terfering with oil entering side of the cyl¬ 
inder wall. 

The oil drips by gravity and the surplus 


The Splash System—non-circulating. 

The true splash system alone is non-cir¬ 
culating. 

The crank case is made oil tight, and oil 
is placed in it to such a depth that the 
bottom end of the connecting rod dips in¬ 
to the oil, and splatters it to all parts of 
the crank case, the bearings, and the lower 
part of the piston. An oil groove is pome- 


*8ee “Specification* of Leading Care” for the type of lubricating syetem used on leading ean. 
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times cut around the lower part of the pis* 
ton, and the oil splashing into this is car¬ 
ried upward and distributed on the cylinder 
wall and rings. There are no oil troughs 
in this system. 

As the oil is used, more must be added to 
the crank case to keep the necessary level. 
This is done either by means of (1) a hand 
pump connecting the crank case to an oil 
tank or (2) by an oil cup that drips a cer¬ 
tain amount of oil into the crank case every 
minute, or (3) by filling through a breather 
pipe.* 

With the hand pump, the driver gives it 
a stroke or two every few miles, experience 
being his guide as to how often and how 
much. This latter system, however, is not 
much used on automobiles, but is exten¬ 
sively used on motorcycles. This system 
would be termed a non-circulating system. 



The objections to 
the splash system 
are as follows; re* 
fer to fig. 1—note 
the engine is in a 
level position. As 
long as the engine 
remains level the 
splash system gives 
fairly good satis¬ 
faction, so long as 
kept up to the lowest 
point of the connecting rod where it can be 
picked up and thrown to the upper part. 
If, however, the car is in such a position 
the engine will be tilted, as shown in fig. 2, 
then the oil goes to the rear cylinder. The 
rear cylinder is over lubricated and the 
others are under lubricated. Even though 
a “baffle” plate is placed as shown in fig. 
3, still there is one cylinder minus oil. 
Therefore some other means must be em¬ 
ployed so that all cylinders will receive 
their proper share of oil. 



The Ford semi-circulating system. 



the level of the oil is 


Splash System—semi-circulating. 

One method of overcoming this latter 
mentioned objection is to provide troughs 
(O) under each connecting rod, which is 
shown in the cut of Ford engine. The 
troughs retain the oil, even though engine is 
at an incline. The next method is to keep 
the oil at a constant level in the troughs. 
This is accomplished by some means of cir¬ 
culating the oil. In this instance the con¬ 
stant level of oil is maintained by the action 
of the fly wheel. 

The fly wheel 
throws the oil to 
the top of the trans¬ 
mission case where 
part of the oil is 
caught by tube 
“T” and fed by 
gravity to the cam 
gears. The overflow 
coming back tends 
to keep the troughs 
(O) filled with oil. 
This system would be termed a semi-circu¬ 
lating system. 

Splash System—circulating. 

This system could be termed a “circu¬ 
lating splash system” also a “pump over” 
system and is the true constant level, cir¬ 
culating splash system because the oil 
troughs are kept at a constant level by a 
pump. 

The operation of a “circulating” or 
“pump over” oiling system is shown in 
fig. 6; the main oil supply is contained in 
the reservoir (R), from which it is drawn 
by the pump (M) and forced through the 
pipes or leads (L) to the main crank shaft 
bearings (G). 

The overflow from these 
bearings is thrown by cen¬ 
trifugal force against the 
walls of the crank case 
and cylinders and, as it 
runs down, is collected by 
inclined channels (N) 
which conduct it to 
troughs. 

For lubrication of the 
connecting rod bearings, 
scoops (S) are fitted to 
the lower ends of the con¬ 
necting rods, which dip 
into the oil contained in the troughs and 
scoop it up into the crank pin bearings at 
the lower ends, and through tubes (E) run¬ 
ning up the rods to the piston-pin bearings. 

Overflow pipes (P) are provided in the 
trough so that the excess oil can return to 
the reservoir (R). 

The pump (M) is usually a gear type of 
pump, operated by bevel or spiral gears 
and vertical shaft from the cam shaft C. 
On many engines the pump is a plunger 
type operated by a cam from the cam shaft. 




•A breather for an engine (see Stodebaker, page 71), is a pipe opening connected with crank 
case, where oil is poured into crank case. The opening is closed by a cap which does not fit tight, 
bat allows the air to enter, and at the same time prevents oil from working oat. 
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Figs. 3, 1, 2: Method of circulation of the Hudson 
Super six “circulating splash system:” The oil is 
taken from the pressed eteel reservoir at (A), straining 
all of it through a filter or metal screen of fine mesh. 

The oil is fed directly into the front compartment con¬ 
taining the timing gears at (T) and their bearings and 
flows from this into the first oil trough immediately under No. 1 
cylinder isee fig. 3), Tlie largo splasher on the end of the connecting 
rod practically empties the nil trough at every revolution, throwing the 
oil into snitnble channels or gutters on the aide of the reservoir and 
crank case. 

The upper gutters feed the main bearings in a continuous stream. The 
lower gutter feeds the oil directly into No. 2 oil trough. 

The splash from No. 2 oil trough feeds No, 3, and so on until No. 6 
Oil trough is reached, at which time the oil flows back Into the reservoir. 

The connecting rod dipper is sufficiently effective to permit a very 
high level being maintained, thus insuring lubrication on all grades with¬ 
out excessive oil consumption. The two center bearings are fed by 
two troughs each. 


ph Tm. 5iQk of thi cm. 
aurrem q>s iiot o^tMie ceamk c*.sf 


The front bearing is fed from the timing gears and one trough, and the rear bearings is fed by two large 
troughs. It is apparent that all oil which enters at the front end must circulate through the vaneas 
troughs to the reservoir again (see page 200). 



Fig. 4: Meth¬ 
od of circula¬ 
tion of tbs 
King “Full 
Forced Feed 
System:” 
There are bo 
troughs or 
splash w i t k I 
this system 
Oil poured in¬ 
to the llllff | 
tube, fl o t i i 
down into th*! 
oil pan, filing] 
it up to • I 
height indi- ■ 
cated by the' 
oil level gauge I 
on right-hand I 
side in cent*! 
of engine.; 
From the pss i 
o r reservoir 1 
the oil i i 1 
drawn up 

through the oil pump, which is driven by a vertical shaft from spiral gears on the camshaft. The oil pump 
itself is surrounded by fine screen so that all oil entering the system is thoroughly strained to remove the i 
dirt or lint that might stop up the oil ducts and cause damage. The illustration shows the principle of the] 
system, and by following the arrows the oil can be traced from the reservoir to the various parts of the engine 


The gear pump at the extreme bottom of reservoir draws the oil through the screen which surrounds 
it and forces it into a distributing pipe running the entire length of the crankcase. From this pipe the 
lubricant is forced to each of the three crankshaft main bearings. 


From the main bearings the oil is forced through holes in the crankshaft to the connecting-rud j 
hearings. Since, at every revolution of the crankshaft, these holes register with the leads from the di* 
tributing pipe, an excess of oil is forced to the connecting rods, where it is drawn off in fine drops or i 
mist onto cylinder walls. A part of this spray, is also utilized for lubricating camshaft, valves, tappets 
Principle of adjustment of the “spring and balT* valve; the ball is placed in the path of oil list! 
with a spring tension behind it. When pressure of oil circulation is reached, to which spring tension U ] 
adjusted, the ball is forced open and oil overflows past hole; in this instance, to the chain sprocket. la 
other words it is merely a * ‘relief-valve.’ ’ (see page 200.) 


CfHABT NO. OOA—Example of Two Modem Engine Lubrication Systems: The “Clrcolattof 

Splash” (Hudson as example) and the “Full Forced Feed” System (King). \ 

"Note the “eccentric" movement of cam for adjusting the pressure on the Hudson, and the “ball and sprig 
valve" on the King. Also see page 694. for Adjusting Hudson Oiling Svstem. 
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THe depth of oil in splash systems 
should be just enough so that the splash will 
distribute the oil. 

♦Full Force Lubrication System. 

Oil is forced by a pump from an oil reser- 
voir, usually integral to bottom of the crank 
case, called the * 4 oil pan.” The oil is 
forced to the main bearings, thence to the 
connecting rod bearings and on up channels 
or pipes to the wrist pin; out the wrist pin 
to walls of cylinders. 

Note the dotted lines showing the path 
of the oil. (A) is the oil reservoir. (B), 
piston or gear type of pump, (C), eccen¬ 
tric or gear for operating pump. (G), 
gauge placed on dash to indicate the pres¬ 


sure. (F), check valve. (D) is a strainer. 
Note in this system splash is not used. This 



would be termed a true circulating system 
of the forced feed type. 


Oil Pump and Oil Pressure Gauge. 


The Oil Pump. 

There are two types of oil circulating 
pumps in general use. The gear type, fig. 
1 and the plunger or piston type, fig. 2. 

The gear type (fig. 
1) can be operated 
by chain, but is usu¬ 
ally operated by a 
shaft, through bevel 
or spiral gears, as per 
fig. 6, Page 1*7. 

The plunger type 

(fig. 2) is usually 
driven from, the cam 
shaft, by an eccen¬ 
tric, and on marine 
engines instead of 
utilizing the cam 
shaft, the pump is 
sometimes driven 
from the crank shaft, 
fig. 4. 

The adjustment of this 
type pump is made by 
screwing tne plunger-rod 
(0) in—(this shortens 
the stroke); or out— 
which lengthens the 
stroke). This lengthen¬ 
ing or shortening of the 
stroke, has the effect of regulating the flow of oil. 
The longer the stroke, the more oil flows and vice 
versa. ' 

A modification of this type is shown in 
fig. 1; page 198 — note the plunger is 
shorter and is operated by a cam or eccen¬ 
tric movement. The cam forces the plunger 
in and a spring forces it out again, thus 
creating a suction effect which draws the 
oil from thp lower reservoir. 

♦Oil Pressure and Gauge. 

This is a gauge placed 
on the dash board (see 
page 188), which shows 
the oil pressure. The 
normal on the Pack¬ 
ard is 20 to 30 lbs. 
at 1000 r. p. m., engine 
hot. On the King, 15 
to 20, on the Pierce- 

Arrow, 3 to 4 lbs. at 
ra^OLKwsauecoAUor loweat speed __ to 35 

“Standard Adjustments of Leading Oars,’' 


lbs. at highest speed (50 m. p. h.); Cadillac. 
5 to 7 lbs. when idling. 

If the indicator needle on gauge drops to 
zero, It Indicates oil level is low or for 
some reason oil is not circulating. In cold 
weather it may be an indication, that the 
cold test of the oil you are using is not 
sufficiently low and that the oil has con¬ 
gealed to a point where the pump cannot 
draw it from the oil pan. Do not under 
any consideration continue to run the en¬ 
gine if the hand on the cowl board vibrates 
or returns to zero or if it remains at zero 
after starting the engine. 

The amount of pressure varies with the 
speed, temperature and viscosity or thick¬ 
ness of oil. 

When the engine is cold, the pressure will 
be higher until the oil thins down. An ex¬ 
cessive pressure on the gauge may also in¬ 
dicate the clogging of the system. 

In other words, maximum pressures will be 
indicated at given speeds when the engine is cold 
and the oil is fresh; minimum pressures, when 
the engine is hot and the oil becomes thin. 

Practically all engine lubricating oils become 
less viscous from use even under normal condi¬ 
tions. Running the engine too long with the 
“choker ,, control lever pulled hack will cause 
the oil to he thinned more rapidly, due to the 
condensation of gasoline from the rich mixture. 
See page 205. 

Too high a pressure will cause abnormal 
oil consumption. This should be adjusted 
according to the pressure recommended by 
the manufacturers (see page 542). Always 
adjust when engine is hot. 

Regulation of Oil Pressure. 

There are two general methods; (1) by an 

“eccentric” movement as per fig. 1, chart 
99A, and by the adjustment of a “spring 
and ball” valve as per fig. 4, chart 99A. 

If gauge does not show pressure: Make 
sure that the oil pan contains plenty of oil, 
as shown by oil level indicator. Should this 
show “full,” remove priming plug on top 
of the pump and start engine. If oil flows 
from this, the pump is working and the 
trouble is with the gauge. 

page 542, for oil pressure for various cars. 




Pig. 2. 
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Priming the pomp: In case you think that the 
pump U clogged it is a good plan before taking 
ft down to try priming it with the same kind of 
oil that you put in the crank case. To prime the 
pump, remove the plug, pour in oil until it fills, 
replace the plug and start engine. If priming 
does no good then it will be necessary to clean 
the pipes in order to find the obstruction. It is 
also advisable to occasionally clean the oil strainer. 

When th* pump is taken down it must be 
primed with oil, after replacing 

fShould at any time the oil gauge show full 
pressure when running at a slow speed, foreign 
matter has become lodged in your distributor 
pipe, and you will have to proced as follows: 


Take off oil pan, remove oil pump by removing 
cap screws which are usually accessible through 
the holes in the clutch cone and flywheel! The 
distributor pipe may then be drawn back through 
the opening left by the pump, and it should thou 
be blown out with sir pressure. 

If the system is a splash system aa well aa a 
forced circulating system, it is possible to drive 
in, but be sure there is plenty of oil in pan. 

t Sometimes high gauge pressure is due to cold 
weather and heavy congealed oil. If after engine 
is warmed up the pressure is excessive and the 
regulation does not vary it, then it can be attri¬ 
buted to clogged pipes. 


Example of Modem ‘‘Circulating Splash” System —See chart 99A. 


A modem engine lubrication system com¬ 
bining the splash and pump circulating sys¬ 
tem is shown in illustration figs. 1, 2/3— 
used on the Hudson super six. 

Oil pump; plunger type, mounted at front 
of engine and driven by a vertical shaft 
from crankshaft. 

Regulation of oil pressure is governed 
by the speed of engine. An 1 ‘eccen¬ 
tric” (E) is connected with the carburetor 
throttle. This keeps the cam from operat¬ 
ing on the plunger: should the regulation be 
set so oil gauge registers 1 to 1% degrees of 
pressure when engine is running slowly. 
By this we mean at speeds from 10 to 20 
miles an hour, (see also page 694.) 

As'the throttle Is opened, the eccentric 
is turned away from the plunger so as to al¬ 
low it a greater amount of travel from the 
cam action. When the throttle is wide open, 


the eccentric should be in such a position as 
to permit a full travel of the pump plunger. 
By this adjustment, the oil pressure shows 
on the gauge will gradually increase as the 
car speed increases. It should register 3 
to 4 degrees at 30 miles, per hour. 

If gauge does not show this amount as 
above, the pump mechanism should be in¬ 
vestigated. Upon indication of a pump be¬ 
ing inoperative or gauge needle shows no 
movement, make sure there is plenty of oil 
in reservoir and engine is getting lubrica¬ 
tion by splash, and run irrespective of the 
pump, then you can drive in carefully and 
have the system examined. 

The oil reservoir on the Hudson contains over 
8 gallons of oil in the troughs and in the reservoir 
itself. It is fitted with a float indicator which 
shows the level of the oil by means of a red but¬ 
ton working in a glass tube. This is on the left- 
hand side of the engine. See fig. 2, chart 99A. 


Example of a Modem “Full Forced Feed” System —See chart 99A. 


The principle of operation, is explained in 
lower illustration in chart 99A and the 
text pertaining thereto refers to the King 
car. 

The pressure regulation which differs from 
the Hudson is explained below. 

Oil pressure regulation: The pressure of 
the oil in this full force system is controlled 
by a * ‘spring and ball” valve located on the 
front right-hand side of the crankcase. The 
valve is provided with an adjustment which 
should not be tampered with unless the pres¬ 
sure drops below 5 lbs. or raises above 20 
pounds, when the engine is speeding up. 

To regulate, loosen lock nut and turn pres¬ 
sure regulating screw to the right to in¬ 
crease the pressure, and to the left to de¬ 
crease it—see page 198. (see page 542 for 
pressure regulation different cars.) 


Over lubrication: If the oil pan at any 
time contains more than *seven quarts of 
oil, the connecting rods will dip and thus 
create a splash which will over oil the pis¬ 
tons and cylinders, more on the right-hand 
block than the left, causing smoke to issue 
from the muffler pipe. 

If the engine smokes, drain oil pan and 
measure its contents, as the oil level gauge 
may be stuck. If the oil pan does not con¬ 
tain more than the right amount, the oil is 
probably pumping past the pistons, due to 
worn or stuck piston rings. If this is the 
cause, new rings should be fitted at once. 

Also remember that the use of too light a 
grade of cylinder oil is apt to cause engine to 
smoke. (The King Co. recommend "Mobiloil Gar¬ 
goyle A.") Always clean screen and oil pan, 
washing with kerosene after draining dirty ail. 
(See "cleaning crank case," page 201.) 


**The Kind of Lubricating Oil to Use. 


At the present time most lubricating oils 
are straight mineral oils made from different 
distillates of petroleum. 

A good high grade gas engine oil Is neces¬ 
sary because the heat inside of an internal 
combustion type of engine will burn the 
oil, leaving nothing for lubrication—hence 
wear. Therefore nothing but a high grade 


oil will answer, one which will stand np un¬ 
der high t temperature of the cylinders with¬ 
out thinning down. 

Another point to consider; if rings are 
tight and compression is good, then it is 
possible to use a light weight oil so it will 
splash readily. A light weight oil, under 
heat, can hold its body and will lubricate 


♦♦The chart of automobile recommendations, issued annually by the Vacuum Oil Oo., Rochester. 

N. Y., specifies the correct grade of oil for each car and model for the last five years. It ii tree, 
♦Amount varies on different cars. This is for King, model E. tStudebaker instructions. 
fMaxlmum temperature in cylinders, at top of explosion stroke is approximately 2700° F.; the 
minimum temperature during snetion stroke, about 250 9 F.; average temperature during the four 
strokes, about 950° F. These are temperatures In the cylinders to which the outer side of efl 
film is exposed to. 
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Just the seme m good heavy oil—if it is of the 
proper quality. 

Some engines require a light bodied oil, others 
a heavy oil: Sometimes the heavy bodied oil may 
appear to hold its body or consistency but under 
heat it will thin down considerably whereas a light 
bodied oil will hold its consistency equally as well. 

Note—any oil, no matter how thick or heavy, 
will thin down to a certain extent when heated. 

Where multiple disk dutches are used which 
run in oil it is very important that a light bodied 
oil be used, else the plates will have a tendency 
to drag by sticking together. 

If piston rings leak, which naturally lowers 
compression, then too light an oil will pass into 
the combustion chamber where the fire and flame 
will rapidly turn it to carbon, causing this carbon 
to stick to the valves, oombustion- chamber and 
■park plug. Consequent result is loss of oil, 
fouled spark plugs and carbon deposit. 

The proper oil to use is generally recom¬ 
mended by the maker of a car. The object 
has been to secure an oil that leaves no 
carbon deposit and that at the same time 
gives uniform complete lubrication. It must 
hold its body and form a lasting film on the 
wearing surfaces. If it thins down too 
much, it will leave the bearing without lubri¬ 
cation (see also, page 206, bottom). 

**A difference in oils is shown by their 
4 4 flash points’' and* 4 burning points.” When 

Using Oil Over Again, Adding 

Using cylinder oil over again. The cyl¬ 
inder oil which is drained from the crank 
case of an engine having a circulating sys¬ 
tem, after every 1000 miles of use, may be 
used, for the gear set if it is strained through 
a filter, and is good oil to begin with. 

It is then mixed with grease. The oil is merely 
charred and is slightly stringy from the wax 
which has been formed in it. This wax-like con¬ 
sistency is the very qualification necessary for a 
gear lubricant in that it holds the oil to the gear. 
The oil should be drained in a pan, mixed with 
grease until the mass assumes the consistency of 
the regular transmission lubricant familiar to all 
automiobilists, being neither liquid nor solid. 

Adding Fresh Oil. 

It is important to note that fresh oil of 
another make should not be added to the 
oil pan before thoroughly washing out the 
old oiL Clean, good oil put into a dirty en¬ 
gine with gummed-up bearings has simply 
mo chance of asserting its superiority under 
the unfavorable circumstances. It has first 
of all to get rid of the gumming round the 
bearings before its lubricating qualities 
will be manifested. 

♦Cleaning Crank Case. 

The system should be drained every 
thousand miles by removing the plug in the 
bottom of the oil pan. After the dirty 


a lubricating oil is heated to a certain point, 
it will give off a thin smoke, if a lighted 
match is touched to it, the smoke will take 
fire with a quick flash. This is called the 
4 * flash point.* * On heating the oil still 
more, the oil itself will finally take fire and 
burn, and the temperature that will permit 
this is called the <4 burning point.” The 
flash and burning points are much higher 
in some oils than in others. 

If oil with a low burning point is used in the 
cylinder of a gasoline engine, the intense heat 
will burn it before it can lubricate the cylinder 
walls and piston. If oil of a sufficiently high 
burning point is used, the temperature of the cyl¬ 
inder will not be high enough to burn it, and the 
cylinder walls and piston will be properly lubri¬ 
cated. 

One simple method of testing—drain oil which 
has been used in engine, into a long narrow tube— 
let it stand 24 hours. If good oil it will show a 
small amount of black sediment at bottom; but 
floating above it, the sediment is red in color (by 
transmitted light). 

Let a poor oil be tested, which is used under 
same conditions. At the end of a few minutes 
it will turn to a dense black. After standing 
24 hours it will show a voluminous black sedi¬ 
ment several times greater than that of good oil. 

Black sediment indicates sulphur compounds 
in the oil. Sulphur is injurious to bearings due 
to lack of lubricating qualities; also pits the 
valves causing leakage of compression. 

Fresh Oil, Gleaning Orank Case, Etc. 
oil is drained off, the plug should be re¬ 
placed and about one gallon of kerosene 
poured into the oil pan through the filler 
tube. With ignition switch “off” so the 
engine will not start, press in on the starter 
button and allow the starting motor to 
crank the engine for about one minute. 

Also step on the running board and rock the 
car back and forth. This will allow the kero¬ 
sene to wash the interior of the engine thor¬ 
oughly. Remove the drain plug again and drain 
off all the kerosene. Clean strainer. 

It is very Important that the kerosene be 
entirely drained, for If left in engine It will 
thin the fresh oil and cause It to lose Its 
lubricating qualities. 

The engine will probably smoke more or less 
and there may he missing, due to the kerosene, 
but after running engine for a while the smoke 
ought to pass away and the spark plug can then 
be cleaned and properly set. 

Do not start engine under Its own power even 
after new oil has been put in, until first turning 
It over several times with starter, this is done 
to eliminate all kerosene from engine distributor 
pipe and hearings. This action pumps the engine 
oil In its proper channels before It Is run on its 
own power. 

A 4 ‘scored” cylinder, means there are 
scratches or cuts in the cylinder caused by 
lack of oil. * * Burnt** bearings on a crank* 
shaft or elsewhere, means the bearing is 
cut, caused by friction from lack of oil. 


Engine Lubrication Troubles. 

Cause—too much oil: Oil pan too full; oil pressure adjustment too high. 

Effect—too much oil: Smoking at exhaust; carbon in cylinders: pre-ignition and knocking; carbon on 
valves necessitating grinding; spark plugs become fouled. 

Cause—not enough oil: Oil level in oil pan too low; oil pressure improperly adjusted; oil pipes 
clogged; pump not operating. 

Effect—not enough oil: Overheating; seised bearings or pistons; scored or cut cylinders; knocking. 

•Manufacturers advise that oil pan he cleaned frequently, especially during cold weather—due to more 
r-«w gasoline being drawn into cylinder and not being combusted—see page 205, bottom. 
tCoollng the lubricating oil; on some racing cars and high speed marine and aeronautical engines of 
high compression and speed, the oil is cooled by leading the oil out of the engine base, where tem¬ 
perature can be lowered, before pumping it back into engine. Castor oil is also used, page 918. 

••Another test Is the cold test—not to be over 25° F. 
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Emits of Not Using Enough Oil or Too Much. 


If the engine Is not getting enough oil, 
the cylinder will become so hot that any 
oil that may have splashed on its outside 
will be burned—the smell * being an indica¬ 
tion of the condition. Further running with¬ 
out oil will produce a hard metallic knock, 
and the heat will finally cause the piston 
to stick in the cylinder. 

An engine that is run without oil will be 
ruined, for the piston rings and the walls 
will be cut and scratched lengthwise, (called 
“scored”) so that the compression will not 
hold. 

If the piston sticks or “seizes” and 
pounds from lack of oil, stop—wait until it 
cools and then fill the crank case to pet cock 
level—also fill radiator with water after 
engine has cooled sufficiently. 

The engine should then be thoroughly in¬ 
spected before driving, to see if any dam¬ 
age has been done. If no obvious damage 
has been done, a thorough examination 
should be carried on to determine whether or 
not the running without oil has burned the 
bearings or caused other trouble. This can 
be ascertained by starting the engine, and if 
it pounds or knocks it is a certain indication 
of bearings burned or cylinders scored. 

A new bearing, or any other new part that 
has not worn smooth, requires more oil than 
one that has been run. It is always better 
to give a bearing too much oil than too 
little, but the exact amount of oil required 
for each part of the car Bhould be learned 
as quickly as possible, in order to prevent 
waste. 

Results of Using Too Much Oil. 

The only place where too much oil is 
harmful in an engine is in the cylinders, 

where it is burnt with an excessive precipita- 
tipn of carbon that adheres to the piston and 
cylinder heads, lodges on the valve-seats 
causing pre-ignition, overheating and knock¬ 
ing, loss of compression^ and passes off into 
the muffler, clogging it, giving off much 
objectionable smoke, and ultimately reducing 
the efficiency of the muffler to such an ex¬ 
tent that the back-pressure causes a notice¬ 
able loss of power. 

The local remedy for these is to scrape 
and cleanse the cylinders, grind the valves, 
clean the muffler, and then find the cause of 
the excessive oil supply and cut it down. 

Too much oil in a circulating system in 
which the oil is simply drawn from the reser¬ 
voir and forced into the splash compartments 
of the crank chamber, is caused only from 
an excessive supply in the reservoir, of im¬ 
proper design. 

The oil pressure to be maintained on va¬ 
rious cars shown under * * Standard Adjust¬ 
ments of Leading Cars”—chart 228. 


♦♦Prevention of over-oiling: Carbonization, 
sooty spark plugs and a smoky exhaust are 
flue to the fact that the oil works up past the 
piston into the com¬ 
bustion chamber. The 
I illustration shows a 
I simple but effective 
method of supplying 
a return for this ex¬ 
cess oil to the crank 
case. The piston 
is removed, chucked 
1 in a lathe, and a 
groove 1/16 in. 
square cut in the out¬ 
side edge of the ring 
groove just above the 
wrist pin. tSix ^-in. holes are then drilled 
through the piston at regular intervals and 
are inclined toward the Wrist pin at 
an angle of about 45 deg. The oil ii 
caught in the groove and thrown down¬ 
ward onto the wrist pin, not only re¬ 
moving the excess oil from the cylinder 
but also effectively lubricating the wrist 
pin. 

If the piston rings leak, the oil passes 
around the rings, out the exhaust, causing 
considerable smoke. Another indication of 
leaking rings is the constant oil soaked 
spark plugs. Therefore it would appear if 
the rings are not in the best condition 
it would then be a wise thing to use heavier 
oil or fit new rings. 

♦Carbon. 

The cause of carbon deposit is due to; (1) 
amount and grade of oil (2) the carbure- 
tion mixture. 

If too much gasoline is used it will cause 
carbon deposit just the same as a poor grade 
of oil. 

Excessive heat will also cause carbon, as 
oil vaporizes. 

Because oil becomes more fluid when it is 
heated, the oil feeds should be adjusted after 
the engine has been running, for if adjust¬ 
ments are made for cold oils the flow will 
be much more rapid when it is warmed, and 
the bearings will be flooded, and the excess 
oil will pass by the rings causing carbon 
deposits. 

♦♦Smoky Exhaust—Cause 6f 

If the vapor is black and foul smelling 

it is caused by too “rich a mixture” (too 
much gasoline); this can be remedied in car¬ 
buretor adjustment. 

If the smoke Is white or blue, the engine 

is supplied with an excess of oil. 

If the smoke is grey, there is too much 
fuel as well as lubricating oil. 

The reason an engine excessively supplied 
with oil smokes is that there is too much 
in the crank case; the entire lower portion 



♦See page 623: “Relation of Carbon to Lubricating Oil,*' and page 735. tOldsmobile advise 
holes. **See also pages 652 and 793. 
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of connecting rod will dip into it and the 
lubricant will be forced into the cylinder to 
work by the rings on the piston, then into 
the combustion chamber, thence out the ex¬ 
haust. 

Depending upon smoke issuing from the 
exhaust pipe of a car as a means of testing 
whether or not the cylinder lubrication is 
sufficient or over-sufficient is by no means 
conclusive. The fact lhat the exhaust is 
smoky does not indicate that lubrication is 
complete, or excessive in all cylinders. If 
it issues in a steady and continuous stream 
probably there is sufficient oil in the engine 
and probably, too much,* but if it comes 
in intermittent puffs, it may be inferred that 

**011 Grooves 

The old-fashioned arrangement of two simple 
holes on the upper side leading Into oil-way either 

straight, starr¬ 
ed, or spiral, 
appears to be 
as good as any. 
Bat, be it not¬ 
ed, the oil-ways 
should not he 
cut to the ex¬ 
treme edge of 
the hush, or 
their action as 
reser v o i r s is 
apt to be inter¬ 
fered with. 

Similarly the bevelling of the edges of the bush 
should likewise be discontinued before reaching 
the outside. The arrangements of oil-ways is 
shown in illustration, (see also page 644.) 

*♦♦* * Running-in’ • a New Engine. 

Fine grooves (not visible to the eye) are left 
on piston by the cutting point of the lathe tool 


one compartment only of the crank case is 
flooded. 

Leaky piston rings are quite frequently 
the cause of excessive smoke—see repair 
subject, * 1 leaky piston rings. ’ * 

Oil Drips. 

The average oil drips come from the cap 
screws being loose on crankcase. Other drips 
come from bearings and quite frequently 
from the plungers or tappets above the cam 
shaft. 

On some cars the fan often picks up the 
oil oozing from bearings and throws it over 
the inside of hood. 

in Bearings. 

when originally made. Also pear shaped pits are 
left by grinding machine on cylinder walls. 
When engine is new the projections are in the 
fine line stage. 

At ordinary temperature, say, .0036 piston 
clearance, will permit the projections to pass one 
another. When temperature of engine is raised 
the projections will touch from expansion and if 
speed is excessive the temperature is raised which 
increases expansion and friction takes place and 
the projections imbed themselves in the recesses 
opposite them, which will cause a stuck or 
“seised" piston (see page 639) with the attend¬ 
ant condition of a “scored" or cut cylinder wall 
(see pages 201, 653). 

Oare is necessary to use plenty of oil and run 
at normal rates of speed until the projections 
gradually change shape, and are bent over in such 
a way that the high points fill the recesses. 

After engine has been run a 1000 miles with 
care the piston and cylinder surfaces become 
very smooth and polished, (see also pages 489 
and 661, why “piston clearance" is necessary.) 



fPolnters on General Lubrication of the Car. 


It is a difficult matter to advise just what 
lubricants to use on all cars, as different 
manufacturers advise what to use and their 
advice ought to be followed. .However, as 
an example, the average is given on page 
204, Studebaker and Hudson. 

A few pointers on lubricating the differ¬ 
ent parts will be given In the lines following: 

Disk clutch: There is much misinforma¬ 
tion about the caring for and lubrication of 
a disk clutch. Heavy oil often is put into 
such a mechanism with rather disastrous re¬ 
sults. At the end of a reasonable distance, 
say 500 miles, the old oil in a disk clutch 
should be removed. There is usually a drain 
plug fitted to the clutch housing and this 
should be removed to let the oil out, after 
which the clutch should be rinsed with kero¬ 
sene, and again allowed to drain completely. 
Thus cleaned, a supply of a light clutch oil 
should be put in until the level is about even 
with the bottom of the clutch shaft. This 
allows the plates to pass through a bath of 
oil, and is the desirable condition. Some 
recommend a mixture of a light oil with 
kerosene, but as the proportion varies, it is 


best to purchase a regular light clutch oil. 
The foregoing does not apply to dry disk 
clutches. 

The transmission: It is important in lu¬ 
bricating the gear set that the oil or grease 
should not be too heavy, for in that case it 
will stick to the gears and be thrown from 
them by centrifugal force against the sides 
of the gearcase. This happens for the first 
few minutes, but after the mechanism has 
been in operation for pome time, all of such 
solid lubricant has been picked up by the 
rapidly rotating parts and thrown from 
them. Very soon, they are free of the very 
lubricant they have been acting upon and 
soon run hot. The best lubricant is a heavy 
oil that will run, or a grease of such con¬ 
sistency that it will flow. Thus, when the 
gears and shafts pass through it, it does not 
adhere to them, and there is not the tend¬ 
ency to throw it out of contact with the 
bearing surfaces. There are many special 
forms of gearset and differential semi-fluid 
greases and heavy oils on the market and 
the makers have studied these facts so that 
the products perform their function of be- 


**8ee page 644. tSee pages 621, 622. ** # See also pages 489 and 607. 

•••When engine stands over night, don’t Immediately race engine to warm it up, because the oil has 
drained from bearings, cylinder walls, etc. Consequently it’s going to take a few minutes to 
lubricate these parts properly. Therefore first let it run slowly for a minute or so. 
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BAST NO, IOO—Parts to Lubricate on a Modern Oar: Studebaker Six and Hudson Super Six. 

ff The 1918 model has transmission set forward, instead of rear u 


■bore Studebaker is the 1917 
•bore. 


Studebaker SIX. 


sms HUH mills MTU HtsU to* Q*«tit *ml to* MNiihi And 

¥wm SUM 4h[.«g«ST|s FlST to* HIM luXRiCant 

NOTE,.—WVen fc>u**trai mita* 4rw *R «1 from tht isgator by reoiairiftf ibe pi i% it the baEttmi ar {he <*1 rtfcrvw. Pour tarHDt into tbi 
Erwitt cue ttvraugti the Jitter on lift ride of raator. mm the nuitpr uvtr wufc electric *tafter far a minute. Stop motor. Dr*in aai kerowaw *jvJ *.id 
ffUk atfm oil until (be oil iodtatnr on the left todc a( ikHdt shown "PULL-*’ Thu should rqant sppiuiunihh 1 ftllaai Oner i wt-k when the o*r 
to tout up far the nutlit sod while the motor it stilt hot. pour tn each priming cock iboui three toASpoorvTuli of kerosene, them *pd ki *i*rw) all 

ttighl- Ja the raorniEut itirr. the motor la (he usual rasnner. 


Studebaker Four and Six: Engine lubrication is the "circulating Hplnsh" system with a gear pump, T* 
drain and clean oil resorvoir of engine: At the bottom of the oil pan is a large plug which can W take? 
Out for cleaning purposes. After all old oil has mu from this plug, pour one gallon of kerosene oil throng 
the breather pipe, which will flood out ail dirt and sediment which may have collected at the bottom of pas 
The reservoir should then be filled with clean oil. When properly filled, the FOUR holds one and one-half g*i 
Ions of oil and the SIX holds two and one-half gallons. Parti to lubricate are explained above. No*# | 
the transmission is at the rear of drive shaft attached to the axle housing. 

Hudson HUper-sis: Engine lubrication ia the "circulation splash" system as described on page Ids-. 

Parts to lubricate arc explained above. Note the transmission and clutch are a unit with the engine. 
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lug just light enough to prevent sticking to 
the revolving parts. It is obviously wrong, 
therefore, to put any common grease into a 
gearset, for it not only acts as above, but 
has not the ability to get into bearings like 
a fluid material. 

In filling the gearset, put in the lubricant 
to a depth about half the height of the 
gearbox. That is, have it come about even 
with the center of the main shaft, this will 
completely submerge the counter-shaft in 
the average gearset design and will bring 
the under face, of the main shaft gears into 
the lubricant. It is important in this con¬ 
nection to see that the packing rings are 
tight and prevent leakage where the drive 
shaft emerges from the gearcase and where 
tho shaft from the clutch enters it. If 
there is leakage here, it not only will act as 
a collector of dirt and dust, but the gears 
will be robbed of their proper lubrication. 

The differential housing should hold the 
lubricant in the rear axle gears, so that 
attention is needed only as stated above but 
sometimes a disagreeable looking rear axle 
is noticed where the oil or grease oozes out 
through cracks or leaks in the rear cover 


plate or through the axle tubes onto the 
wheels. This is not so common a fault as 
it used to be when axles were not designed 
so well to trap the oil and keep it where it 
belongs. However, an occasional careless 
driver will let his axle get in this condition 
by not having a proper gasket between the 
differential housing cover plate and the 
housing itself. It is not much trouble to cut 
a gasket if the old one gets worn or out of 
shape, and it gaves the brake bands which 
often become oil soaked and slip. 

fThe axle: In some cases, a heavy trans¬ 
mission oil is recommended for the axle but 
in most instances it is best to use either a 
sem-fluid grease or even a heavy grease. 
There is less chance for the gears to throw 
these, and the space is smaller so that it is 
next to impossible for the grease to get 
away from the lubricating points. It is 
next to impossible to give any fixed .rule 
for rear axle lubrication. There are so many 
designs, and where a heavy oil or a~ grease 
will work satisfactorily in one instance, 
some other form is better in another. 

Dodge for instance uses 600W—steam cylinder 
oil two parts, and one part medium grease. 


♦The Use of Graphite t 

The use of flake motor graphite mixed with 
cylinder lubricating oil when properly used will 
improve compression, decrease the amount of oil 
required. All up scores in the cylinder walls, pre¬ 
vent valves and rings sticking and thereby cure 
smoky exhaust. 

▲ crest deal of prejudice has existed against 
graphite lubrication due to ignorance. When 
automobiles first came on the market, chauffeurs 
would go to a hardware store to buy graphite to 
mix with their grease and would get Dixon's 
Flake Graphite No. 1 which is intended for lu¬ 
brication of steam cylinders and other heavy 
work. Then they would use about five times 
too much of it and trouble would result. Of 
course, graphite was blamed. However, anyone 
who has ever taken the trouble to investigate 
Dixon graphite automobile lubricants has seen 
tho sense of their claims and would use no other 
kind of lubrication. It stands to reason that 
when bearings and gear teeth are polished with 
flue flake graphite that there are actually no metal¬ 
lic surfaces in contact and hence there can be 
no wear, no heating and practically no friction. 

However, assuming that graphite is an ideal 
lubricant certain requirements are necessary, for 
instance; 

For splash oiling system, the Dixon Oo. recom- 


the Automobile Engine. 

mend adding a scant teaspoonful of motor graph¬ 
ite to each quart of oil in tho crank ease and 
then add another teaspoonful at the end of each 
one thousand miles. The graphite may be mixed 
with a little oil and poured down the breather. 
Ton will notice that this is a very small amount 
of graphite but it is all that is required. 

For force feed system it la not advisable to 
mix the graphite with tho oil on account of the 
possibility of clogging some of the small pas¬ 
sages. 

A small amount of dry graphite may be placed 
on the hand and permitted to be inhaled through 
the air intake of the carburetor directly to tho 
cylinders. This should be done about once a week 
when your car is in ordinary service. 

More graphite can be used when it is intro¬ 
duced in the dry form because part of it is im¬ 
mediately blown out through the exhaust. 

On account of the location of the magneto on 
Ford cars and the possibility of short circuiting 
It we do not recommend the use of graphite In 
the crank case or transmission case of than 
cars. This is merely a precaution that we take, 
although we know of many Ford owners who use 
graphite in their engines with entire satisfaction. 


How Unv&porlzed Gasoline Thins The OIL 


Gasoline vapor that la not completely consumed 
in the engine does one of three things; it either 
passes out into the exhaust in an unburned state 
sad is wasted, is deposited in the form of carbon 
within the cylinder, or condenses and runs down 
past pistons into the crankcase. 

Tho first of these is the most direct loss, but 
the other two are equally important in the long 
run. A carbonised engine is of itself inefficient. 
**Oarbon makes the engine miss, makes it over¬ 
heat and pre-ignite. All of these things are sure 
to shorten the life of the engine. When the un¬ 
turned fuel runs down past the piston it destroys 
Gw seal between piston rings and cylinder, re¬ 


moves the oil which is to protect tho surface of 
the cylinder and piston trorn friction and wear and, 
lastly dilutes the lubricating oil in the crank¬ 
case to such an extent that in time it becomes 
worthless. 

Manufacturers are advising now that tho crank¬ 
case he drained even more frequently than ever 
before for this very reason. As cold weather ap¬ 
proaches. the necessity for frequently refilling 
completely with new oil will become more im¬ 
perative. Either the motorist is forced to drain 
out his oil and refill with fresh at an increased 
outlay or he must suffer the consequences of an 
engine damaged by insufficient lubrication. 


**See page 628. fGreaso working out axle ends on brake bands—cause brakes to slip. 

•A fire# booklet, advising just where graphite as a lubricant can be used on a motor oar and the 
kind to use, can be obtained by writing the Joseph Dixon Crucible Co., Jersey City, N. J. The writer 
knowing the importance of good lubricant, recommends the use of graphite. The Woolf Graphite Lu¬ 
bricator Oo., Omaha, Neb., market a device for injecting graphite into intake manifolds of engines. 
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INSTRUCTION No. 16. 

IGNITION: LOW TENSION COIL. Purpose. Brief Explana¬ 
tion of Electricity. How Electricity is Produced. Methods 
of Generating Electricity. Low Tension “Make and Break” 
Ignition—using a Low Tension Coil. 


Principle of Ignition. 


There are three things required before a 
gasoline engine will run. These three things 
are absolutely essential. First, it is neces¬ 
sary to have a mixture of gasoline and air 
in the engine cylinders. Second, this mix 
ture must be compressed, and third, there 
must be a spark to set fire to the compressed 
mixture. The third thing required to make 
the engine run is the one which is most 
difficult to understand, if the reader is not 
familiar with electricity. The system of 
ignition, as it is called, is usually made up 
of certain electrical devices which probably 
give more trouble to the motorist than all 
the other mechanisms on the machine. 

In order that you may thoroughly under¬ 
stand the principles upon which the various 


Ignition systems are built up, and how these 
systems are operated and maintained. It Is 
well to start at the beginning. 

The original and first method for Igniting 
the gas In a gasoline engine was by the 
means of a “hot tube” or flame, but this 
method now being obsolete, we will deal 
only with the electric ignition. 

The ignition systems used on automobile 
engines at the present time are all electri¬ 
cal systems giving an electric spark which 
passes in the cylinder of the engine and 
sets fire to the compressed mixture, and as 
you will be dealing with electricity and elec¬ 
trical apparatus in these systems, the first 
thing to know is how electricity acts and 
how you can make it do work for you. 


What Is Electricity? 


No one can tell you Just what electricity 
Is; we know how it acts and how it moves 
in the same w^y that we know how the force 
of gravity acts. 

If you throw a stone into the air it will 
come down again, but you cannot explain 
why, beyond saying that the force of grav¬ 
ity makes it come down. You cannot say 
just what “gravity” is— bo it is with elec¬ 
tricity. 

Electricity is in everything—in your body, 
in your clothes, in the magazine you are 
reading, in the chair upon which you are 
sitting—and the only reason you do not feel 
a shock is because the electricity is not in 
* 1 motion . }} 

If you put a water wheel in the middle 
of a pond, the wheel will not revolve, no 
matter how deep or how large the pond 
may be. 

To make the wlieel revolve to get any 
work out of it, you must place the wheel in 
position that the water may flow from a 
high level to a low level, and in flowing, 
move or push the wheel around. 

There must be a current of water before 
the wheel will move—so in electricity— 
there must be a “current or a flowing of 
electricity” before you can get any work 
out of it. 

If you want water to flow, you provide 
a path for it downhill, or, in other words, 
you allow it to take a natural course from 
a high level to a low level. 

You can pump water to a high level and 
then get it to flow through pipes or along 
a stream. 

When water is pumped into a tank that 
is, say, 100 feet high, you know that there 
~ill be a certain pressure in the pipes lead¬ 


ing from the tank, and if you want to know 
how much pressure there is, you will meas¬ 
ure it in so many pounds pressure. 

At the same time you can measure the 
quantity of water flowing out of the pipes, 
and you can say that so many gallons will 
flow in a minute. 

You are no doubt perfectly familiar with 
the measurements called a pound, gallon and 
minute, and if you were told that 200 gal¬ 
lons of water were flowing out of a certain 
pipe in a minute at a pressure of 60 pounds, 
you would have a pretty good idea of the 
current of water referred to. 

Now, when you come to work with elec¬ 
tricity, you should be able to understand 
the current in the same way, but you will 
find that the measurements of electric cur¬ 
rents are not stated in gallons and pounds, 
but in other terms, as, amperes, meaning 
the quantity of current flowing; volts, mean¬ 
ing the pressure, causing it to flow; and 
ohms, meaning the resistance offered to the 
•flow of current. 

How Electricity is Transmitted. 

Electricity produced in one place may be 
transmitted to another place, provided a 
path is arranged so that it may return to 
where it started. It will not flow if there 
is no circuit; that is, a continuous path. 

If the circuit is broken, the flow will im¬ 
mediately stop, and will not start again un¬ 
til the circuit is once more completed. 

Copper wire is usually used to take the 
electric current from where it is produced 
to the place where it Is to be used, and an¬ 
other wire may be used to bring it back 
again, the first wire being called the “lead,” 
and the second the “return.” 
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If there is any way in which the current 
may leak from the *lead wire and return to 
the starting point without going through the 
entire circuit, it will do so, and this leak¬ 
age is called a short circuit or ground. 

**A conductor: Anything that will permit 
a current of electricity to pass through it is 
called a conductor; all metals are conductors. 

Insulators: Substances such as rubber, 
china, porcelain, glass, wood fibre and mica 
are called non-conductors or Insulators. 

A wire is insulated to prevent leakage of 
current into any metallic substance it may 
touch by wrapping it with cotton or silk, 
which is soaked with rubber* to prevent 
dampness from getting in. 

When dry, cotton and silk are insulators, bat 
as water is a conductor, damp cotton and silk 
cease to be insulators. 


While all metals are conductors, some are 
better conductors than others; a copper wire, 
for instance, will pass a larger current than 
an iron wire of the same size. Due to the 
fact that copper has a lower resistance. 

If a wire has more electricity passed 
through it than it can easily conduct, heat 
will be generated, and it may get so hot 
that it will melt. 

The larger a wire is, the greater is the cur¬ 
rent that it can pass without heating, (volt¬ 
age being the same.) 

Copper is in most general use as a conduc¬ 
tor of electricity, because of its low resist¬ 
ance: silver is a better conductor, as it has 
a still lower resistance, but is not used be¬ 
cause of the expense. 


Explanation of Voltage and Amperage. Also “Series,” “Parallel” 
and ‘ ‘Multiple’ ’ Connections. 


A current of electricity flowing in a wire 
may be measured just as a current of water 
flowing in a pipe may be measured. 

The amount of water that flows through 
a pipe depends on the pressure, or head, and 
the friction in the pipe. The volume of 
electricity that flows through a wire de¬ 
pends on the pressure or voltage at which it 
flows and the ohmic resistance of the wire. 

Volts (pressure). The quantity of water 
flowing through a pipe depends largely on 
the pressure. The amount of electricity 
flowing, or the strength of current in am¬ 
peres depends in part on the pressure in 
volts. Thus the amount of current flowing 
is measured in amperes and the pressure 
causing it to flow is measured in volts. The 
volt is the practical unit of electromotive 
force. 

The electro-motive force, usually written 

E. M. P., is the total force required to cause 
the current to flow through the entire circuit. 

The unit of electromotive force is the volt. 

Ampere (current) a current of water flow¬ 
ing in a pipe is measured in gallons per 
second or cubic feet per second. An electric 
current is measured in amperes. Thus we 
say the strength of one ampere flows for 60 
seconds, then the total quantity is 60 am¬ 
pere-seconds, or 60 coulombs of electricity. 

The coulomb is the unit of quantity which 
equals the rate of flow X time, as ampere seconds. 
One ampere hour would equal 3600 coulombs. 
The ampere, therefore is the current strength, in¬ 
tensity of current or rate of flow, but in this in¬ 
struction we have referred to the ampere as the 
volume or quantity of current flowing. 

The velocity of electricity through a copper 
wire is said to be 288,000 miles per second. 

An ohm is the unit of electric resistance. 
Such a resistance as would limit the flow 
of electricity under an electromotive force 
of one volt to a current of one ampere. 
For instance, we speak of a certain size of 
copper wire, a certain length having so 
many ohms resistance. Iron wire offers 
6% times more resistance to the flow of 
current, than the same length and size of 


copper wire, therefore if it is not of suffi¬ 
cient size to permit the free passage of cur¬ 
rent, the wire will heat. 

The watt is the unit of electric power. 746 
watts equal one horse power. Multiplying the 
amperes by the volts gives watts. 

In order to explain the meaning of volt¬ 
age and amperage more clearly, we will use 
a hydraulic analogy, which gives the ex¬ 
planation as follows: 

Usually the ignition coil is so made it 
will work with a pressure of 6 volts. The 
resistance (see page 209 for meaning of this 
word) that the electricity meets in the 
wiring of the ignition system is so great 
that if we only had a pressure of 1 volt, 
this would not be sufficient to force enough 
current through the wires.t As the pres¬ 
sure increases the quantity of current that 
flowB becomes greater. It has been found 
that a pressure of 6 volts is sufficient for 
most ignition systems which require from 
1 to 5 amperes. 

Series connection. The way we build 
the pressure up to 6 volts, with dry cells 
as an example, which give only 1% or 1 % 
volts each, is by connecting them in “ser¬ 
ies” as it is ealled.tt 



Fig. 1.—Comparing dry cells or storage 
battery cells with pails of water. 


Fig. 2.—Dry cells connected in “series” 
similar to pails of water placed as shown. 




•Pronounced leed, not lead. **The best conductor is silver, next best, copper, then aluminum, sine, 
brass, platinum, iron, nickel, tin, lead, German silver, antimony, mercury, bismuth, carbon, water. 
Thus it will be seen that iron offers more resistance than copper, and carbon and water more re¬ 
sistance than iron. Non-conductors are slate, marble (if no metallic veins), oils, porcelain, glass, 
rubber, dry paper, silk, gutta percha, shellac, ebonite, etc. tSee page 427, size wire to use. 
-ttStorage battery cells give 2 volts, large or small. The pressure is built up by adding more sells in 
same manner. 
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This can be explained by referring to our 
hydraulic analogy, as follows: Suppose we 
had three pails of water, each of them 1 
foot high, as shown in fig. 1, and suppose 
we had three dry cells, each of them giv¬ 
ing a pressure of 1 volt, we will Bay for. 
the sake of simplicity. If we would take 
these three pails and set them one on top 
of the other, and make an opening in the 
bottom of the three pails, connecting the 
opening in the bottom one with a pipe, the 
pressure in the pipe would be three times 
as great as if we had only one pail. That 
is, we would have a head of 3 feet of water 
in the pipe and the water would squirt up 
approximately 3 feet in the air, as in fig. 2. 

When the cells are connected so that 
the pressures in them are added, It Is called 
a “series” connection because it corre¬ 
sponds to putting the pails of water in a 
series one above the other. To make this 
connection, which is shown in fig. 2, we 
connect the positive terminal of one cell 
with the negative terminal of the next, the 
positive terminal of that one with the 
negative of the next, and so on. Finally, 
running one of the wires of the outside cir¬ 
cuit, from a lamp in this case, to the nega¬ 
tive terminal of one end cell and the other 
outside wire to the positive terminal of the 
other end cell. Since there is a pressure of 
1 volt, we will say, between the positive 
and negative terminals of each cell, we 
have simply added the voltage of all the 
other cells to it, just as we added the pres¬ 
sure in the other pails of water to the first 
one when we set the others on top of it. 

Series connection means that the carbon 
(positive pole) of one cell is connected to 
the sine (negative pole) of the second; the 
carbon of the second to the zinc of the 
third and so on. This leaves the carbon 
of the last cell free to be connected with 
the outside circuit, likewise the zinc of the 
first cell. So, when the entire battery of 
cells flows from the outside carbon through 
the lamp or ignition coil, or whatever is in 
the outside circuit, and back to the battery 
through the zinc of the first cell. 



Pig. 8.—Dry cells connected in “paral¬ 
lel" or “multiple, “ similar to pails of 
water connected one with the other. 


Parallel connection: There is another 
way in which we can attach the three pails 
of water to the pipe, and that is the ar¬ 
rangement shown in fig. 3. Instead of set¬ 
ting one pail on top of the other we have 
them all on the same level and if we con¬ 
nect the bottom of each one to the pipe 
the Water will flow through the pipe, but 
we will have only one foot of head and the 
water will squirt only as high as the level 
of that in any one of the three pails, that 
i% the pressure would be no greater with 
the three pails connected this way than it 


is if there was only one pail connected wits 
the pipe, but the water will flow three times 
as long. 

We can do almost the same thing with 
the electricity in the three dry'cells (or 
storage battery cells) as we did with the 
water in the pails, that is, we ean connect 
them up so that the pressure of each of 
them is added to that of the rest, or we 
can connect them up so that the pressure 
of all three is equal only to that of one, and 
like the water, the current will flow 3 times 
as long. 

This arrangement in fig. 3, is called the 
“parallel, 1 ’ or “multiple” arrangement, 
and corresponds to connecting the pails of 
water to a pipe when all of them are at the 
same level. When we connected the pails 
of water in this way we simply added to 
the capacity of one pail without increasing 
the head or pressure. 

When we connected the three pails set on 
a level it was just as though we multiplied 
the size or capacity (amperage) of one pail 
by three. 

In the multiple or parallel arrangement 
of a dry cell (or storage battery cells) we 
simply connect all the positive terminals^ 
or plates, and all the negative terminals, or 
plates, together, and the effect is merely 
that of adding to the size of the plate or 
capacity of the cell. When we connect the 
three cells in multiple or parallel, as in fig. 
3, we have multiplied the capacity (amper¬ 
age) of the cell by three, but we did not 
increase the pressure. 

If we increase the size of the plates in a 
cell we lengthen the time during which It 
will give a current of electricity. 

If one dry cell will give 1 volt for one 
day, three dry cells would give 1 volt for 
three days if connected in multiple, but if 
connected in series, as shown in fig. 2, we 
would get 3 volts pressure, but the three 
cells would last only one day. This can be 
explained by considering the water pails 
again, with the pails one on top of the 
other, giving a 3-foot head, the water would 
run out in one-third the time that it would 
if the pails were connected together as at 
the right of fig. 3, where they get only 1- 
foot head. It will be seen that in series 
connecting we increase the voltage but 
leave the volume or amperage the Bame, and 
in parallel connection we increase the 
volume or amperage, but leave the pressure 
or voltage the same, and in both cases the 
watts will be equal. 

In order, then, to get a pressure of 6 
volts, with dry cells giving 1% volts each, 
we simply need to connect four cells in 
series, for then we have four times 1% 
or 6 volts, which is pressure enough for 
the ordinary ignition system. 

As the voltage has a tendency to drop 
when in use, 6 cells are usually placed in 
series. 

It is not well, however, to use more cells 
in series than are needed, for good working, 
because the excess of pressure would force 
the electricity through the circuit at too great 
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a rate or amperage and this high current 
wauld damage the vibrators of the spark 
x eoils as will be explained later on. 

With the four cells connected in series 
and the total giving 6 volts pressure, we 
have the life of only one cell, that is, the 
four cells connected this way will not last 
any longer approximately than if we had 
only one cell. 

Multiple-seriee connection: We can dou¬ 
ble the life of the battery, thus obtained by 
connecting the four cells in series, simply 
by connecting up four more cells in series 
and then connecting the two sets of four 
cells each in “parallel or multiple.” The 
arrangement is illustrated in fig. 4, in which 
case we have three of the 1-volt cells we 
speak of, connected in series and three more 
in series, with the free negative terminals 
of each set tied together and the , free posi¬ 
tive terminals of each set tied together. 



Fig. 4.—Two seta of cells connected 
in ■’parallel/’ Each set connected in 
■■seriescalled ■■multiple series/' Note 
the comparison. 

Here we have obtained a pressure of 3 
volts by connecting three cells in series and 
have doubled the life or capacity (amper¬ 
age) by connecting in parallel another three 
which have been connected with each other 
in series. The effect is just the same as 
if we had taken three cells of double the 
capacity (amperage) and connected them in 
series. We would accomplish the same re¬ 
sult with water pails by making two piles 
of three each and connecting both to the 
same pipe, as indicated in fig. 4. Here we 


have obtained a head of 3 feet and doubled 
the capacity (amperage) of our source by 
doubling the amount of water. 

In the cell parallel arrangement, illus¬ 
trated in fig. 3, the current flows from the 
carbon of one end cell through the circuit 
and back to the battery through the zinc of 
the same cell, so that the current from the 
first cell does not have to flow through the 
second and third cells in order to go through 
the circuit and back to where it started, 
but is able to flow past them. The current 
from each of the three cells flows into the 
wire connecting their carbons and on its 
return flows back into the cell from the 
wire connecting their zincs. If you have a 
current of four amperes in the circuit, each 
cell will be giving one-third of the current, 
and only one-third of t it will be flowing 
through any one cell.* With two sets in 
multiple only half this amount of current 
will be flowing through each cell. 

Separate sets if used for ignition: In a 
motor car where dry cells and vibrator coils 
are used for ignition it will be found neces¬ 
sary to use two sets of cells which are not 
connected to each other, but either one of 
which can be switched into the circuit if de¬ 
sired. In fact, it will be found almost 
necessary to change from one set to the 
other every 26 to 50 miles. Otherwise the 
engine will begin to miss and finally will 
stop. This is because the current flows 
through the cells so rapidly too. much gas 
forms for the depolarizer to take care of 
and the cells polarize. After resting a 
while the cells will be restored or will re¬ 
cuperate, at least in part, to their former 
condition and can be switched on again. 

But if there are eight cells connected in 
two sets of four in series and these two 
sets connected in parallel arrangement ex¬ 
plained, the quantity or amperage of cur¬ 
rent required from each cell is lessened and 
they last very much longer—see foot note 
bottom of page 211, also index. 


tMeanlng of 

Electricity will flow more easily through 
some conductors than through others be¬ 
cause there is a difference in their resis¬ 
tance to the flow of current. 

Everything presents more or less resis¬ 
tance to the flow of current, and the less 
resistance that a substance presents, the 


Resistance. 

better conductor it is. The greater the 
resistance, the less total current can pass; 
the pressure or voltage will drop! and the 
volume (amperage) will be reduced. In 
forcing a current through such resistance, 
heat is produced, and the greater the re¬ 
sistance the greater will be the heat (see 
ohms page 207, also index). 


Positive and Negative Terminals. 

Generator terminals: Every generator of names given to the points from, one of which 
electricity has two terminals; a positive the current leaves (positive) and to the 
(-{-) and a negative(—), that being the other of which it returns (negative).* 

•The current always flows in the same direction, from the positive pole to the negative pole; it 
leaves the generator by the positive pole and returns by the negative. 

Connections can be grounded either from the negative or positive pole—it makes no material 
difference. Manufacturers as a rule ground the positive terminal of a storage battery to the frame. 

fReslstance is that property of an electrical conductor by which it opposes the flow of an electrical 
current, for instance, carbon, iron wire. German silver and water will permit current to flow through, 
but it opposes or offers resistance to the flow—see ohm, page 207. A rheostat is a device for the pur¬ 
pose of varying the resistance of an electrical current, see papes 474 and 460. ^Termed a potential 
difference or energy lost. For instance, "two volts lost on a line," means this much pressure is lost 
In sending the current through the line. 
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Fig. 2—The Ignition Storage Battery; a Chemical Gen¬ 
erator of * ‘Direct’' Flow of Electric Current. Contained 
in a battery box. Sometimes called an accumulator. 

The 8torage Battery will also supply electricity to op¬ 
erate a Jump Spark or High Tension System of Ignition 
or a Low Tension “Make and Break" system. The Stor¬ 
age Battery for ignition consists of three cells placed in 
an acid-proof box. (See instruction on storage batteries.) 

These cells are covered over with a nard rubber or 
coal tar composition* leaving the lead lugs projecting. 
These lugs connect one cell to the other and two ends 
are left <T open,’* one a “Positive" or North, and the other 
a “Negative" or South. They are called “Positive" or 
“Negative" Terminals. Wires are connected to these 
terminals and the current is conducted over tho wires to 
tbe ignition system. 

When the Storage Battery is “run down" it is “re* 
charged" by attaching wires from electric wires to the 
battery. (Will be explained later.) 

The cells contain lead plates (N) negative and (P) 
positive, and are immersed in an acid solution. 

Each cell gives two volts and are usually placed in a 
box and connected together, making a total of six volts 
this being the usual pressure required to operate a coil. 


Fig. 3—The Dynamo; a x«oi 
Mechanically Generated, Direct Flow d 
Electric Current. The Dynamo will say- 
ply electricity to operate the coil of s 
Jump Qpark or Hign Tension System •< 
ignition or a low tenston “Make sad 
Break" System (not in use on automobikt 
to any great extent). 

The Dynamo is more adapted for generat¬ 
ing current to recharge the storage battery: 
the storage battery then supplies light sad 
ignition. 

Small "direct" .current generators me 
also used on stationary and marine eogmsi 
•for ignition, where “make and break" or 
“wipe" spark ignition system is used. 

The Dynamo has an “Electro-Magnetic" 
Field, meaning that the “pole pieces" art 
magnetized electrically. 

The Magneto has “Permanently" mar 
netized “pole pieces" (will be described 
later). 

The Dynamo generates a “Direct" « 
continuous flow of electricity, meaning tfc* 
current flows continuously, whereas the car 
rent in a magneto is reversed and fleet 
“alternately" and is not a direct flow. 

The magneto is used in a different mea¬ 
ner and is a separate and distinct system of 
ignition and will be described later. 


The Dry Cell Battery (a Primary Cell); 
a Chemical Generator of a Direct Flow of 
Electric Current will also supply electricity 
for ignition, but is not reliable. Continuous 
use of dry«cells will exhaust them or run 
them down rapidly and the pressure drops 
accordingly and thereby causes a "weak" 
spark. This battery will recuperate, how¬ 
ever, if left standing for a while unused. 

The dry cell battery is better adapted for 
ringing door bells or telephone work where 
the work required is not continuous. 

The dry cell contains no liquid, but 
merely moisture, hence its name—Dry Cell 
Battery. 

A is the filling or electrolyte, usually con¬ 
sisting of chloride of zinc, sal ammoniac, 
sulphate of lime and powdered charcoal 
(don’t confuse this electrolyte with that 
used on a storage battery). 

Six cells connected in a series connec¬ 
tion ia usually the combination for a set 
for ignition. 


CA*eo* Car Ocmr 



The positive pole of tbe dry cell is the 
carbon. The zinc being the negative. 


Fig. 4. 

Sectional View of a Dry 
Cell. 


XiM, fA, 

Complete View of a 09 
Cell. 


CHART NO. 101—Chemical and Mechanical Generators of a "Direct” Flow of Electricity. $ 

reference is made here to Magnetos; this will be treated later, under a separate heading. 
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How Electricity 1 b Made to Do Work. 


Flow of current: The current only flows 
when the two terminals, or poles, are con¬ 
nected by a conductor. 

A current will flow if any opportunity is 
presented; if there is no regular conductor, 
moisture will often makq the connection. 
Because of this desire to flow, the current 
may be made to perform work. 

If the circuit includes a coil or lamp, the 
current in flowing through the circuit from 
the positive pole to the negative pole is 
made to light the lamp or pass current 
through the coil. 


The circuit, with the lamp or coil, presents 
a resistance to the flow of the current, and 
if there Is a short circuit that presents lees 
resistance, the current will return by it in¬ 
stead of going through the coil or lamp. 
Therefore, the circuit must be so arranged 
that the current cannot return to the gener¬ 
ator without doing the work set for it. 

A switch is provided to dose this circuit 
when work is desired and to open the cir¬ 
cuit when work is not desired. Therefore, 
for ignition, instead of a switch a timer or 
commutator is made to open and dose the 
circuit at the time the spark is required. 


Parts Necessary to Produce the Ignition Spark. 


While there are several methods of pro¬ 
ducing the spark in the cylinder at the 
proper instant, they consist in general of 
the same parts. 

In the first place, there must be a genera¬ 
tor to supply the current of electricity; 
spark plugs or sparkers, also called igniters, 
in the cylinder, at which the spark is pro¬ 


duced; a timer or cam arrangement, by 
which the exact instant of the spark may 
be controlled, and the circuit, consisting of 
the necessary wires or conductors. 

Whatever the system may be, the current 
is produced by some kind of generator, and 
therefore a description of generators will 
be given before describing the systems. 


Methods of Generating “Direct” Electric Current. 


A current of electricity may be generated 
by chemical means, by cells; or mechanical¬ 
ly, by a magneto or dynamo. (The magneto 
will be described further on as it generates 
an “alternating” current and the dynamo 
“direct” current.) 

Chemical Generators. 

Cells are of two kinds, “primary” and 
“secondary;” primary cells actually mak¬ 
ing the current, and secondary cells storing 
the current and giving it out as needed. 

A dry cell or storage battery cell pro¬ 
duces a * **1 direct * ’ flow of current and would 
be termed a “chemical” source of elec¬ 
tricity. 

The primary cells used for automobile 
work are called “dry cells,” and consist 
of rinc cups, in which are placed sticks of 
carbon (see chart 101). 

The cups are lined with some substance 
like blotting paper, and the Bpace between 
the carbon stick and the cup is packed 
with bits of carbon and the necessary 
chemicals. The blotting paper and carbon 
bits are moistened with the proper solution, 
and the top of the cup sealed with tar, so 
that it is watertight. The zinc cup and 
the carbon stick each have a thumb nut at 
the top, called a “binding post,” to which 
the wires are attached. 

When the circuit is closed, the current 
of electricity flows from the carbon bind¬ 
ing post over the circuit and back to the 
cell by the zinc binding post, the * 1 carbon ’ 1 
being the “positive pole,” and the “zinc” 
the “negative pole,” in this type of cell. 


Dry cells have a pressure or voltage, of 
about 1% or 1% volts, and the volume of 
the current they produce, called the “am¬ 
perage,” depends on the size of the celL 
The ordinary dry cell used in automobile 
work gives a current of 20 to 30 am¬ 
peres. 

When in use, a primary cell becomes ex¬ 
hausted, and the voltage drops gradually. 
When it has reached a point where it does 
not give sufficient current, it must be 
discarded, and replaced with a new one. 

It should be remembered that dry cells 
are intended for “intermittent” "service, 
as for ignition starting where a magneto 
is used,, but for continuous service, the dry 
cell is not a suitable source of current. After 
the engine has started dry cells for ignition 
are not very satisfactory fer they becdme 
exhausted in a short time. 

For continuous current service the most 
efficient means of obtaining current is by 
means of a storage battery consisting of a 
battery of “secondary cells,” or as it is 
sometimes called an “accumulator.” This 
chemical type of electric generator is in 
more common use for ignition than the 
dry cells in connection with a dynamo— 
which will be explained further on. 

♦♦Secondary cells, also called “storage 
cells,” or “accumulators,” are usually 
charged with current from a lighting cir¬ 
cuit, and may be recharged again when ex¬ 
hausted. 


*The less continuously current is used from a dry cell the longer it will last or the more .efficient 
it will be: 

**8torage batteries will be treated under a separate instruction. 
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A storage battery consists of two or more 
storage cells. Each cell gives about 2 
volts, therefore, a storage battery with 
three cells would give 6 volts, and is termed 
a “chemical generator.” (This term is, 
however, not correct as it does not “gener¬ 
ate” electricity but merely gives out only 
that which was put in it.) 

A Btorage cell is made of prepared lead 
plates, placed in jars made of hard rubber 
or celluloid and filled with a solution of sul¬ 
phuric acid and water, called the “elec¬ 
trolyte. ’ ’ The jar is filled with electrolyte 
until the plates are covered, a cover pre¬ 
venting it from spilling. A hole in the 
cover, closed with a plug, is used for exam¬ 
ining the condition of the cell, and refilling 
it when necessary. Through evaporation, 
leakage or spilling, the level of the electro¬ 
lyte may get below the top of the plates, in 
which case the jar should be refilled, enough 
electrolyte being added to bring it to the 
correct level. 

Electrolyte is made by adding one part 
of chemically pure sulphuric acid to—from 
three to nine parts of pure water—prefer¬ 
ably distilled water. 

An instrument called a hydrometer is 
used to determine the correct solution, and 
when floated in the solution its scale should 
read about 1290 sp. gr. 

tThe terminals of a storage cell are 
usually marked with signs to indicate the 
-poles; a “plus sign,” the same that is 
used in arithmetic, being the “positive 
pole,” and a “minus sign” being the 
“negative pole.” 

The poles are often painted, as well, red 
being the positive and black the negative. 

A storage cell has a voltage of a little 
over 2 volts, and this will drop slowly to 
1.8 volts, when it requires recharging. In 
this it is like water running out of a tank, 
when the tank is empty it is necessary to 
refill it. 

Cell Connections. 

On pages 207-9 the “principle” of cell 
connections was explained in order to ex¬ 
emplify the meaning of volts and amperes. 
Cell connections will now be explained. 
Bear in mind the same principles apply te 
storage battery* cells. 

One cell in a storage battery or dry bat¬ 
tery will not give enough current to pro¬ 
duce the spark required to ignite the mix¬ 
ture, and therefore, three, four or more 
are used, connected together. 

The most usual form of connection is in 
series; the negative pole of one cell is con¬ 
nected to the positive pole of the next, so 
that the current from one cell must pass 
through all of the others in order to return 
to where it started. (See chart 102, fig. 1.) 

This method of connecting increases the 
voltage as many times as there are cells; 


for instance, if there are four cells of 1)4 
volts each, the voltage of the battery of 
cells will be six voltB. The volume or am¬ 
perage does not change, being the same that 
it is for one cell. (See fig. 2, page 207.) 

Another method of connecting is in par¬ 
allel; all of the positive poles are connected 
to one wire, and all of the negative to an¬ 
other. (See chart 102, fig. 2.) This gives 
the same voltage (pressure) as one eeU, 
but increases the amperage (quantity) as 
many times as there are cells. 

A third method is to connect the cells la 
multiple series. (See chart 102, fig. 8.) 
In this the cells are divided into two equal 
groups, each group being connected in series, 
and the two groups being connected with 
the circuit in parallel with each other. This 
gives a voltage of ono-half what it would 
be if all were connected in series, and an 
amperage of one cell multiplied by the num¬ 
ber of groups. 

Generators. 

A mechanical generator, which is driven by 
the engine, produces a current of electricity, 
and its action depends on “magnetism,” 
which is the property sometimes possessed 
by iron or steel, by which they attract other 
pieces of iron or steel. 

A generator consists of two parts; the 
“poles,” between which the magnetic field 
flowB and the “ armature, ” which revolves in 
this magnetic field, and produces the current 
of electricity. (See fig. 4, chart 102.) 

The field Is made in two ways; it is either 
a “permanent magnet,” that is, steel that 
is magnetized so that its magnetism does 
not change, or an “electro-magnet;” that 
is, a coil of wire wound around a soft piece 
of iron, which is a strong magnet only while 
electricity is flowing through the coil. 

•When the field is a permanent magnet 
(fig. 5, chart 102), the generator is called a 
“magneto;” when the field is an electro¬ 
magnet (fig. 4), the generator is called a 
“dynamo.” (See chart 101 and 102.) 

The armature has a core, consisting of 
soft iron, with insulated wire wound around 
it endways. There are two types; a 
“drum” type and a “shuttle” type. The 
drum type could be revolved in either 
the “electro” or “permanent” magnetic 
field and would generate “direct” current 
The “shuttle” type is used only on genera¬ 
tors in which the magnetic field is produced 
by permanent magnets and always gener¬ 
ates “alternating” current. (Will be ex¬ 
plained under magnetos further on.) 

The voltage of a magneto or dynamo de¬ 
pends on the size and quantity of wire 
wound on the armature and field coils, and 
on the Bpeed. 

Terminals: Mechanical generators usually 
have but one terminal, the other being 
“grounded,” which will be explained. 
Where there are two terminals and “direct” 


tWhen the poles of a storage battery are not marked the polarity can be determined by their natural 
color; the positive is darker, usually a brown color, whereas the negative is gray. *lf armature is 
of the “shuttle” type. 
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current generators, they are marked as the When using “chemical” generators, such 
terminals on a storage cell are marked, as a storage battery; the circuit is also 
(.^positive,—negative.) (quite often) grounded on one side. 


♦Grounding the Circuit. 


When the current of ‘electricity is re¬ 
quired to do work, as, for instance the pro¬ 
ducing of a spark in the cylinder, using a 
* 1 make and break” ignition system for ex¬ 
ample, it must be taken to the igniter 
through a coil, by means of a wire but 
may be returned to the generator by means 
of a ground.” Which is usually abbre¬ 
viated as “G” or GRND and designated 
by a sign as shown in chart 109. See 
chart No. 102, fig. 7; and fig. 3, chart 
103; dotted lines show path of current 
through metal of engine. 

The frame and engine of an automobile 


are made of metal, and therefore will con¬ 
duct electricity. 

If the negative pole of the direct current 
generator is attached to the metal frame or 
engine, and a wire attached to the positive 
pole, the current will flow in the circuit 
when the positive wire is touched to any 
other metal part of the frame or engine, for 
the metal acts as a conductor and permits 
the current to return to the generator. 

This method saves wire, for wire is used 
only to take the current to where it is 
needed, the metal of the frame or engine 
bringing it back again. 


♦•Switches. 


When the current for the ignition is sup¬ 
plied by battery, it is usual to have two 
sets (fig. 1, chart 103), and is used to Btart 
the engine; after engine is started, the dy¬ 
namo or magneto supplies the current. The 
reason for this is due to the fact that a 
battery supplies a constant source of elec¬ 
tric supply, whereas a mechanical generator 
generates current only when running. 

A switch is placed in the circuit, so that 
either may be used. They are made in many 
forms, but a simple form is a fiat piece 
of spring brass, pivoted at one end, so that 
it may swing from side to side. The free 
end may touch either of two knobs of brass, 
one on each side, or be between them with¬ 
out touching them. Each of the knobs are 
connected to one of the sets of batteries, 
or one to the battery and the other to the 


Ignition 

There are two systems of ignition used 
for automobile engines; “low tension sys¬ 
tem” and the “high tension system;” the 
source .of electric supply being either by 
chemical means as: dry cells, or a storage 
battery, or mechanical means as: a magneto 
or dynamo (also called generator). (The 
magneto is explained further on.) 

The word “tension” means pressure or 
voltage; high tension being high voltage, 
and low tension low voltage. 

The low tension system of ignition is used 
on only a few makes of automobiles. The 
low tension system was formerly used to a 
great extent on boat engines and is still used 
to a great extent on stationary engines. 

The low tension system uses a low tension 
single wound primary coil as per fig. 7, chart 


dynamo, and the flat piece of brass is con¬ 
nected to the ignition circuit. 

Thus when the free end of the switch is 
swung to one side, or the other, it rests 
on one of the knobs, and the corresponding 
battery is thrown in circuit, furnishing the 
current for the ignition. 

When the switch is between the knobs, it 
is out or “off” of contact, and the circuit 
is broken. Thus a switch serves not only to 
connect either of the two sources of current, 
but also to break the circuit, which, of 
course, stops the engine. 

The switch lever can be detached from 
some makes of switches; when it is with¬ 
drawn, it breaks the circuit regardless of 
which side the switch is on. Thus only 
the holder of the lever may run the car. 


Systems. 

102 and its source of electric supply can 
be a dry or storage battery, or dynamo. Low 
tension magnetos are also used, but the coil 
is wound on the armature (treated under 
“Low Tension Magnetos.”) 

The high tension system of ignition is the 

approved system now in use on very near 
all makes of cars. The high tension system 
may be either by a high tension coil and a 
battery; high tension coil and low tension 
magneto; high tension coil and dynamo in 
connection with a battery—or by a high 
tension “magneto” alone. 

In this Instruction and in number seven¬ 
teen, we deal only with eoil ignition. Both 
low tension and high tension. Magnetos will 
be treated further on. 


•Either the positive or negative side can be grounded as it makes no difference. Manufacturers as 
' a matter of standardising, are grounding the positive pole of storage battery ( + ). 

**8ee page 276—“magneto switch*'—note switch is closed to stop ignition. 
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Fig. 1—Series. Zincs connected 
to carbon. 





CARBON Zl> 

Fig. S—Multiple Series. See 
text for explanation. 



Fig. 2—Parallel. Zincs con¬ 
nected together. Carbon connected 
together.' 


DELL OOHHECmOV 

Fig. 1 is the ami 
method. This meth¬ 
od gives the vettsii 
of six cells and u 
amperage of one esB. 

Fig. S. This meth¬ 
od gives the voltad 
of bet one cett ui 
an aapenge of d 
cells. 


Fig. 8 Is a meth¬ 
od used for emer¬ 
gency. In this case the reader will suppose that two seta 
of dry celts supply the current for ignition; one set k 
used for a while, then the other; if both sets ran down, thee 
connect them in multiple as shown. This method gives i 
voltage of flye cells and an amperage of two cells. 


MICA STATIONARY | MOVABLE Switch. 


Electro 
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Armature 
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Fig. 4—A dynamo, 
a mechanical genera¬ 
tor of * ‘direct >* cur¬ 
rent. Note the 
electro winding on 
Held magnet. The 
armature is "drum" 
type. 


4 clearer view J 
of •Sake 0 Break*| 
Igniter. I 

Cf AR N*2/ 1(7 


Dorr id link. 
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ClffiRtHT THRO 
CnOiNt. 
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¥ 
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Fig. 5—A magneto with "per- 
manent" magnet. If armature 
is "shuttle" type (see magnetos) 
the current will be "alternating," 
if "drum" type, direct. 


Fig. 7—A make and break low tension system of 
Ignition. 

The Igniter is shown, which makes and breaks 
the low tension current as it flows from the pooi- 

--i tire pole of the battery to the single-wound lev 

----- tension coil through switch, then to the mica i>* 

sulated electrode. 

*When the nose of the cam strikes the tapp* 

1 —' ***** rod, ro< * ma ^ e8 an< * ' >rea ^ CB the flow of current 

"^nfvV and creates a or spark (as by hand, fig. •)• 

-v \\ The current flows from positive pole of batted 

■—- -1 ' — * I V I to stationary electrode on engine, thence throsfk 

\/ jN \ ^ moveable electrode to metal of engine—thence bj 

/ way of grounded circuit to battery. 

^ J ^^ ^^ ' In the above illustration, the coil through wkfck 

°* rreRV _ _ _ . the current passes is a low tension coll, and tbo 

mUT or"Eow P TenSon OotlWound.) .ystem of ignition i. the “m.ke .ad break" £ 

tem. Either the dry cells, storage battery or the 

By snapping the ends of too copper wires . ... . ........... 

connected with a battery (after winding this dynamo will supply the electricity. Either of them 

wire around a bundle of iron wires) a spark same sources of electricity would supply electricity 

will be produced. The wires must be "snap- for the j ump 8park or high tension coik also. Tbh 

ped" or separated suddenly, and the current , .. 

must pass through the single wound or pri- la * ter 8 > 8tem wiil be treated further on. The mag 

mary coil. neto would require special connections, if used, sad 

will also be explained further on. 

The spark should occur just as piston is on top 
of its stroke or slightly before. 


CHART NO. 102—Cell Connections. Mechanical Generators. Make and Break Principle of Ignitioa 

*Note the points do not remain together when not operating— they are slightly apart. The cam or tappet * 
-•"gement causes the spark to "make" and suddenly "break," hence the term "make and break." 
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Low Tension Coil System of Ignition. 


If the ends of the wires of a primary or 
low tension coil, are connected with a bat¬ 
tery or mechanical generator and connected 
together, the current will flow, and if then 
the ends are separated suddenly a spark Will 
be formed between them. The more power¬ 
ful the current, the larger will be the spark. 
(See fig. 6, cjiart 102, this illustration ex¬ 
plains the fundamental principle of coil ig¬ 
nition, therefore study it carefully.) 

The movable electrode is operated by a cam 
arrangement, exactly at the exhaust valve of the 
engine is operated. As the spark is needed only 
onee daring two revolutions of the crank shaft, 
the cam is attached to the half-time shaft, and 
operates the electrode by a rod called a tappet. 

The * 'stationary electrode" is insulated from 
the cylinder with mica, and one wire of the cir¬ 
cuit is connected to it. The "movable electrode" 
is operated by a cam, which is in contact with 
the current from the grounded wire of the bat¬ 
tery and which allows the current to pass from it 
to the metal of the cylinder. 

When the two points are in contact, the cur¬ 
rent flows from the positive pole of the battery 
by a wire to the stationary electrode, then to the 
movable, because the two are in contact, and back 
to the battery by the ground. 

When the two electrodes are separated by the 
earn acting on the movable one, the circuit is 
broken, and a spark formed between them. 

Ohart No. 108, flg. 1, shows this ignition sys¬ 


tem; it shows two sets of batteries connected to 
the switch in such a manner that either set may 
be used. 

While any battery would give a spark, a 
strong one is needed to ignite the charge sud¬ 
denly and completely, and to do this it is neces¬ 
sary to use a strong current. Therefore several 
cells are connected together, usually 5 or 6. One 
set is used a while then the other. Dynamos, 
storage batteries and low tension magnetos are also 
used. 



Wipe spark ignition is similar to the "Make 
and Break" in every respect, except that it 
makes a wiping and rotary motion as the elec¬ 
trode (A) of the igniter revolves; being operated 
by an eccentric rod (E) from the cam gear. 

The other electrode (B) is stationary and 
looks very much like a spark plug. This type 
of ignition is never used on the automobile; 
but is here shown so . that the reader can master 
the elementary principles of the different igni¬ 
tion systems. 


The Low Tendon OolL 


We have learned the different sources 
from which electricity can be obtained for 
ignition. Also the first principle of ignition, 
which is the old style “make and break 99 
igniter using a low tension or primary coil. 
This system is seldom used, only on sta¬ 
tionary engines, however, it will be well for 
the reader to master the principle of the 
low tension coll, as it is the foundation for 
building up a high tension coil or magneto 
armature winding. (See fig. 6.) 



Flc. «—explanation of a Low Toortoo Prl- 
nirj or Low Toulon OoU (Singte Wound.) 

Bp onoppinr |h« coda of tlio e op per wire* 
connected wltli a battery (after winding tbia 
wire around a boodle of iron wtrea) o eparh 
wiU bo produced. The wires' mail be “sup- 
pod* * or aepsrated euddssly, and the current 
moat paee through the einglc wound or pri- 


The current is strengthened, or intensified, 
by the use of a simple coil, called a primary 
or low tension colL 


Construction: Consists of a bundle of soft 
iron wires, called the “core,” around which 


is wound several layers of well-insulated 
copper wire. (See also coils in chart 103.) 

A current of electricity passing through 
the wire will make the core a magnet, the 
magnetism ceasing as soon as the current 
stops flowing. The magnetism of the core 
acts on the current of electricity, and in¬ 
tensifies it, and making it strong enough to 
produce a good spark between the electrodes. 

The reason for the current being intensi¬ 
fied requires an understanding of electrical 
engineering to make it clear; it is sufficient 
for the automobilist to understand that the 
current is intensified. 

The positive wire of the battery leads to 
one terminal of the wire wound around the 
core of the coil, and the other terminal of 
the coil winding is connected to the sta¬ 
tionary electrode. 

Because the action of the cam moves the 
movable electrode, it can be seen that mak¬ 
ing the cam operate sooner or later will 
make the spark occur sooner or later. The 
cam is therefore arranged so that it may act 
sooner or later on the tappet and electrode, 
and is controlled by a lever, so that it can 
be advanced or retarded just as a timer on a 
high tension coil system.t 


ttThe low tension "make and break" Ignition system: two metal points (electrodes, fig. 7, chart 
102) are set in the combustion space of the cylinder, one of them being stationary, and the other 
movable, so that it may touch the other or be separated from it. 

The two points are called "electrodes," and form what is termed, the igniter. The two joints 
are connected in the ignition circuit, so that when they touch the current passes from one to the 
ether, and when they are separated a spark is formed between them. 

tThe make and break system is seldom used on automobiles. Used more on stationary engines. 
The "wipe spark" is similar; also used on stationary engines, see above, and "Dyke’s Motor Manual." 
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Wiring Diagram* of the Dow Tension 11 Make and 
Break” Ignition System. 


A “make and break” system (see chart 
108); requires less care in wiring than the 
Ugh tension or jump spark system, but is 
not suitable for high speed automobile en¬ 
gines. 

The first difficulties were; insulating the 
stationary spark point, and making an easy 
working but tight joint for the moving 
spark point, although this has been largely 
overcome, the jump spark or high tension, 
has proven a superior ignition and it is 
to this latter system we will confine our 
attention in the following instructions. 
It is well, however, for the reader to mas¬ 
ter the low tension system of ignition in 
order to understand the high tension sys¬ 
tem. 

Wiring for two sets of dry cell batteries: 
In fig. 1, chart 103, we have two sets of 
dry cells as the source of electricity for 
the make and break system of ignition. 
One set is used a while and then the other. 
Dry cells run down rapidly, therefore this 
system is seldom used. 


Wiring for batteries to start on and the 
dynamo to run on: The dynamo, which 

r ierates a direct flow of electric current, 
usually placed so that it is operated by 
the engine, and the usual plan is to start 
the engine with dry cells, and after engine 
is started, the dry cells, are switched off 
and the dynamo supplies the electric cur¬ 
rent. (See fig. 3.) This system is used 
quite extensively on stationary gasoline 
engines, as well as a great number of marine 
engines. 


The storage battery for make and break 
Ignition: This system (see fig. 2), is prac¬ 
tical if the storage battery can be re¬ 
charged. The storage battery will supply 
a certain quantity of current for a certain 
period of time; for instance, suppose the 
storage battery was a 60 ampere hour bat¬ 
tery, and the ignition system used one am¬ 
pere of current per hour; in this way we 
would have a sufficient quantity of electric¬ 
ity from the storage battery to run the 
Ignition for 60 actual hours. 

Suppose the engine only runs three hours 
per day—we would use three amperes of 
the 60 in one day; therefore we would 
have 67 amperes left, which would run 19 
more days of three hours per day. 

The storage battery delivers the same 
pressure until all the amperage or quantity 
is gone, whereas a dry cell, not only loses in 


amperes or quantity, but it loses its pres¬ 
sure in a very short time of service. 

The. usual pressure required to force the 
current through the coil is six volts (pres¬ 
sure). The storage battery will hold this 
pressure until the quantity of current is all 
gone. The dry cell drops in voltage rap¬ 
idly, and therefore weakens the spark. 
When a storage battery runs out, it is re¬ 
stored with electricity. When a dry cell 
runs out of current, it is thrown away. 

Sometimes we see a storage battery and a 
dynamo or magneto connected so that the 
engine is started from the storage battery 
and then switched to the dynamo, after the 
engine is running. When a dynamo or 
magneto is used for supplying electricity, it 
is usual to have either a set of dry cells, or 
a storage battery to start with. The rea¬ 
son for this is; a dynamo or magneto must 
first run in order to generate electric cur¬ 
rent, and the usual plan of cranking an en¬ 
gine will not speed up the dynamo or mag¬ 
neto fast enough so that it will generate 
current. Therefore, the dry cell'and stor¬ 
age battery are used for starting, and after 
the engine is started and is running fast 
enough for the dynamo to generate current, 
the switch is thrown from the battery to 
the dynamo. 

A low tension magneto for Ignition: The 
subject of magnetos (low and high tension) 
is treated under a separate instruction. 

The low tension magneto is used quite ex¬ 
tensively for make and break systems of 
ignition, in connection with a set of dry 
cells to start with, on the same principle as 
the dynamo combination. The magneto, 
however, differs from the dynamo, in that 
it supplies an tg alternating 9 9 current instead 
of a ”direct” current. 

No coil is necessary in connection with 
the low tension magneto, but the coil in the 
diagram (fig. 4) is used in connection with 
the battery for starting. The coil used with 
the magneto is wound on the armature of 
the magneto. This subject will be treated 
further on. 

A four-cylinder make and break system 
of Ignition with dry cells and dynamo. All 
of the diagrams shown are illustrated on 
one-cylinder engines. In fig. 6, chart 103, 
a four-cylinder engine, with make and break 
system of ignition, is connected up, using 
a combination of dry cells to start with, 
and a dynamo to run on. 


Note— The above systems are not now used on automobiles, but were formerly used in the 
early days of motoring. The reason for explaining the old systems of ignition, is due to the fact 
that the underlying principles of the more modern systems are founded upon the principles of these 
early days. Therefore it is essential that they be mastered first in order to more clearly understand 
the modern systems treated farther on. 
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Pig. 1.—An exasperated drawing, made for the purpose of illustrating how the spark plug Is 
•crewed into the combustion chamber of the engine, and how the current is carried from the better 
through the primary winding of the coil, tb commutator, etc. Trace the circuit with your pencil. 
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Fig. 2—Names of Parts of Insulated 

Spark Plug, Especially Made for Magneto Use. 
Note the heavy terminals. Magnetos give a 
heavy “fat" spark, but points are set very close. 
(1/64-inch.) , 

The above spark plugs are known 
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Fig. 3—Parts of a Porcelain insulated (0), 
Spark Plug Separated. A Type of Plug Usually 
used with a Jump Spark Coil System of Ignition. 

S—Is the iron shell which screws into th« 
engine cylinder. 

N—Is the brass bushing which holds th* 
porcelain (0) in the iron shell. 

0—Is the porcelain with rod (T) runninf 
through it. 

B—Is the lock nut or thumb nut which holdi 
the secondary wire. (B) screws on the 
of (T) to hold wire in place, 
as the “Red-Head” brand. 


CHART HO. 104—Explaining the flow of the Primary and the Secondary Currents in the 
Tension Coil System of Ignition, and parts required for a High Tension Coil 8ystem of 
tion. See page 225 for description of commutator. 

Spark plug is usually placed over the inlet valve. See note bottom of page 219, also index for " 
See also pagvs 233, 235 and 238. 
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INSTRUCTION No. 17. 

IGNITION; HIGN TENSION COIL: Wiring of High Tension 
Vibrator Coil Systsm. Purpose of the Spark Plug. The In¬ 
duction Coil Principle. Magnetism. Mechanical and Elec¬ 
trical Vibrators. Commutators. Commutators and Distri¬ 
butor. Timers. Master Vibrator. The Coil Condenser. 

i 

The low tension, or make and break, system of ignition, described in the last lesson 
30 not used very much. The * 1 high tension, 1 ’ or as it is sometimes called the “jump 
spark” system, is the system in general use. 


Purpose of Spark Plugs. 


You are more or less familiar with the 
ordinary spark plug that is used in connec¬ 
tion with ignition systems to give a spark 
inside the cylinders of the engine. In chart 
104, are two views of two typical spark 
plugs, one showing plug as if eut in two, 
called a sectional view, the other view shows 
plug disassembled. The metal part of plug 
(T) acts as a conductor of the current, while 
the porcelain (C) represents the insulating 
material, which is composed of porcelain or 
mica, (see pages 233 to 239.) 

*A spark plug is screwed into each cyl¬ 
inder of the engine, and when the piston iB 
in the right position to receive a spark, a 
cuirent of electricity is sent along the metal 
center part (called the firing pin) of the 
spark plug and across the small air gap at 
the bottom and into the outer Bleeve. Al¬ 
though this air gap is only about 1-64th to 
1-3 2nd of an inch wide, the air in the gap 
offers such a tremendous resistance to the 


current that it requires in the neighborhood 
of 16,000 volts’ pressure to force a very 
small quantity of current across the gap. In 
other words the current must be of such high 
pressure that it will jump across a space be¬ 
tween two points, forming a spark as it 
passes. See “gap” fig. 1, chart 104. Also 
pages 642 and 699. 

The current produced by a battery and 
low tension coil as used for the “make and 
break ’ ’ system, would not have enough pres¬ 
sure to jump across this gap, therefore must 
be intensified (or pressure increased) still 
more. 

Where simple low tension coils are used 
for the make and break system, as explained 
in chart 102, fig. 6; coils of another kind, 
called high tension induction coils are used 
to intensify the current sufficiently to force 
it to jump across the open space. There- 
fpre it is called the “jump spark” or “high 
tension” (meaning high pressure). 


**The Jump Spark or High Tension Coll. 


Construction: An induction coil or jump 
spark coil, consists of a core of soft iron 
wire, over which is wound a few layers of 
insulated copper wire, which is called the 
primary winding (in other words, this is 
our original low tension coil, fig. 6, chart 
102 ). 

Over the primary winding is wound a 
great number of layers of exceedingly fine 
copper wire, insulated, called the secondary 
winding. (See fig. 1, chart 104.) 

When a current of electricity flowing 


through the primary winding from some 
source of electric supply is suddenly stopped 
and then started again, another current of 
great pressure flows in the secondary wind¬ 
ing— although the two windings are not con¬ 
nected—this is called “induction,” or tem¬ 
porarily “induced” current. 

This “induced” current in the secondary 
winding is also called the “secondary cur¬ 
rent,” and flows in waves, there being a 
wave of current whenever the primary or 
battery current is stopped and started again 
by a contact breaker of some sort. 


•The position of the spark ping in the cylinder can be placed as foUows; over center of piston, 
over exhaust valve, or over inlet valve. The first position is not the best, as it is found that it too 
easily becomes fouled. If screwed above the exhaust it will likely miss fire; this is caused on ac¬ 
count of the dead gases surrounding it. The correct position is over the inlet valves, as it will be kept 
cool by the inrush of fresh gas, and it is in an atmosphere perfectly suited for explosion, directly the 
spark appears, as it is the more perfectly scavenged part of cylinder, i, e., in the direct path of the fresh 
gas. The plug is usually placed over the inlet valve on “T*' or “L" head cylinders. In the overhead 
valve type, the plug is placed in the top center or in the side of cylinder. They are exposed to the full 
heat of the explosion when over head directly in center of bore, consequently in a high compression en¬ 
gine of this type, a well made plug must be used. 

Many of the overhead valve engines, have the plugs in the side of the combustion chamber. See in¬ 
dex “Overhead Valves,“ “Compression,“ “Spark Plugs'* for additional information. 

**Also called “induction coil," “transformer coil," “secondary coil." 
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Fig. 1—Another view of ft jump spark coil, also called an induction coil, high tension oofl or 
secondary colL The illustration explains how the primary and secondary winding is wrapped over 
the core and how the magnetic vibrator interrupts the flow of electricity from battery through the 
primary wire circuit, and how the spark jumps the “gap” of the spark plug. When switch (or timer) is 
olo&ed, the current flows from battery through this primary wire wrapped around the core or bundle 
of iron wires (A), (trace with pencil). The bundle of iron wires become magnetised when the primary 
electric current flows around it. This magnetism causes the vibrator blade (O) to be drawn away 
from its connection with screw (F) at platinum points (P). 

The moment this vibrator is drawn away from screw (F) the circuit is broken and the bundle 
of wires (A) loses its magnetism, therefore the vibrator (0) is again drawn back to screw (F) by 
spring (S), but the moment the contact is again made—(A) again becomes magnetised and draws 
the vibrator (O). This is repeated so fast the vibrator (0) simply busses. The greater the buss, 
the greater the spark or voltage and more current consumed. 

When this vibration takes place the current is “Induced” in the seoondary winding (wrapped 
over the primary winding) by “induction” and this induced current is intensified, that is, the pres¬ 
sure is raised to such a high voltage it will jump the gap as shown, or if one end of this seoondary 
winding (SW) is connected to a spark plug and other end grounded, then it will jump the spark plug gap. 

A timer is used instead of a switch but its purpose is the same, see page 222. 

A condenser is connected or “shunted” around the points (P) for purpose explained on pages 
228 and 220. 



Fig* 2—A Mechanical Vibrator. 

(Seldom used.) 

The purpose of this device is to open and close 
the primary electric circuit in rapid succession 
mechanically, instead of the magnetic vibrator. 

When this type of vibrator is used the vibrator 
on coil is not necessary as shown in figs. 8 and 1. 

The case is made of fibre or metal, but the 
spring and screw are insulated from each other. 

The above timer is used principally on single 
cylinder motorcycle engines. 


Fig. 8—A Magnetic Type of Vibrator. 

(Same as on coil in fig. 1.) 

This illustration shows a vibrator placed on 
the coil, and operated electrically. 

There must now be a “commutator” or timer 
to close and open the circuit at the proper time, 
in order to operate this vibrator electrically. If 
engine is a four cylinder engine, a commutator 
with four contacts, as shown on page 222 would 
be required. 


i 


HEART NO. 105—Diagram explaining the doable wound High Tension doll and action of tfae 
Vibrator. The Mechanical Vibrator and the Electrical Vibrator (vibrators are sometiiMf 
called ‘ ‘ tremblers . 1 ’) 
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Elemental? Principle of » High Tension Coll. 


The reason for this separate current flow¬ 
ing in the “secondary” winding can only 
be understood after studying electrical en¬ 
gineering; however, we will endeavor to give 
the reader the elementary principle of 
“magnetism,” “lines of force” and “in¬ 
duced” current, also the relation of volts 
and amperes to cell connections, as fol¬ 
lows: 

In oiden to produce a spark in the cylin¬ 
der of engine sufficiently strong to ignite 
the compressed gas, it is necessary to have 
the "current producing the spark under 
great pressure. The pressure or voltage of 
a storage battery or a number of dry cells 
is not enough, so it remains to make this 
pressure greater so that it may be used with 
good results. 

Baising the voltage of the battery cur¬ 
rent is accomplished by means of an induc¬ 
tion coil (high tension coil) called a spark 
soil. In order to fully understand the in¬ 
duction coil, a few elementary steps must 
be learned first. 

An ordinary horseshoe magnet is known 
to attract iron and steel. The magnet will 
have a holding effect on the iron or steel 
even if the magnet is separated from the 
iron by a piece of paper or glass. The mag¬ 
net attracts the iron because of some mys¬ 
terious, unseen force that is called mag 
netism. We cannot see the magnetism, nor 
can we feel it, but we can see and feel the 
effects of it. If a number of iron filings 
are attracted by a magnet, it will be noticed 
that the filings arrange themselves in rows 
from one pole of the magnet, to the other.t 
It is supposed that the filings arrange them¬ 
selves in lines because the magnetism goes 
from pole to pole, or end to end, in lines. 
We cannot see these lines, but their peculiar 
characteristics has resulted in their being 
called “lines of force.” 

In other words, that unseen, mysterious 
force which we call magnetism is expressed 
in “Hues of force.” All the lines of force 
between the two poles of the magnet com¬ 
prise a “magnetic field.” 

Now, the magnetism or “magnetic lines 
of force” manifest themselves not only 
around a magnet, but around any current 
carrying wife. This can very easily be 
proven. In fig. 1, a battery is being ex¬ 
hausted through a conductor. If a compass 
is held near the wire shown, the needle 
of the compass will suddenly take a turn 
and then remain still. The current passing 
through the wire causes magnetism to exist 
around the wire for a certain distance, and 
this magnetism, acting upon the steel needle 
of the compass, causes it to turn. 

If this simple experiment is tried it will 
be found that the compass needle will turn 
**in the direction of the flow of “lines of 
force 1 ’ around the conductor. The cur¬ 
rent in the wire flows from the carbon or 


positive side and in the direction shown by 
the arrow. It should be borne in mind, then, 
that around every conductor of electricity 
there are lines of “magnetic force” or, as 
we shall call it, a “ magnetic field. ’ ’ 


The magnetism from the magnet is called 
1 * natural magnetism . 99 But magnetism may 
be produced in another way by the use of 
what is called an “electromagnet.” The 
apparatus is shown in fig. 2. An iron bar 
has packed around it some paper or other 
insulating material. A coil of copper wire 
is slipped over the iron, which is called the 
core. , The two ends of the coil or wire are 
attached to a number of dry cells, con¬ 
nected in series. 
If a piece 
of metal such 
as steel is 
placed near 
the end of the 
core it will be 
attracted b y 
the core. If 
the wires from 
the battery are 
removed the 
pieces of iron 
or steel at the 
end of the core, 
are no longer 
attracted. 

In other 
words, as soon 
as a current is 
passed through 
the copper coil, 
the iron core 
is magnetized, 
but as soon 
as the current 
stops flowing 
the magnetism 
stops. We do 
not know why 
the core be¬ 
comes a mag¬ 
net, except it 
be by the 
presence of a 
magnetic field 
around the cop- 



Fig. 1. Note there it mag¬ 
netism even in a copper wire, 
if connected to a source of 
electric supply. 

Fig. 2. A primary single 
winding of copper wire (us¬ 
ually of larger else than the 
second wihaing), around a 
soft bar of iron will cause 


per coil. This 
magnetic field 
pierces any 
thing. This is^ 
here evident be¬ 
cause the core 
is insulated by 


bar to become magnetised. 
Fig. 8. If another winding 
(smaller wire), is wrapped 
around the primary, a high 
tension current of electricity 
will be “induced" into the 
second winding. 


paper. It could 
just as well 
have been 
wood or glass 
or stone. 

It has just 


been shown that the current flowing 


through a coil of wire affects an iron 
bar within it so as to make the bar be- 


•Note—"Currant" means electricity or the flow of electricity. 

'•Through an error, compass needle in flg. 1, is shown parallel to current flow, instead of lines of 
force. Neadle should point towards you. tSeo page 267. 
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Fig. 1—Simple form of 
bnuh type of commute tor. 



Fig. 1— 1 The revolving pert if fibre (insulation). The black part it 
a metal atrip or segment grounded to cam shaft. The blade or 
brush is insulated from the base. This brush oonnecte with 
primary winding of coil, thence to battery and one end of battery is 
grounded. When the segment touohes the brush, the contact is 
completed and causes the vibrator to vibrate. 

Fig. 8—The principle is the same as in Fig. 1, except a roller 
makes the contact with segments# Each segment is connected with 
the primary winding of coil. There are as many segments and coils 
as there are cylinders. 

Fig. 8—This type of timer is used in connection with a coil with¬ 
out of vibrator. It makes a single hot spark as explained 

There are as many cams as there are cylinders. On 
the above, there are four cams. Therefore, it is suitable for a 
four cylinder engine. The above timer is the Delco. 



Fig. 8—The mod era 
type of timer. 



Fig. 6—Note the manual (hand) method of “advancing" and "retarding” the commutator. (Few 
cylinder engine as example.) If the roller is revolving to the right, by shifting the commutator honiisf 
to the left, contact would be made earlier—this would be called " advancing" the spark. If shifted to 
the right, would be made later—called "retarding." 

When using a vibrator coil (which is the case here), the time of spark is set earlier than when uiaf 
the single spark system—because plenty of • time must be given the spark to ignite the gas so it will ignite 
or combust on top of the stroke instead of after the top. Note connections to commutator for firing ordtf 
of 1, 3, 4, 2.) 


IHABT NO. 106—The Commutator, Timer and Purpose of each. Commutator Control. 

Jbove timer, fig. 3, is open-circuit type. The closed-circuit type per pages 242 and 878 is now in gensrslto* 
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come a magnet. It will also affect an* 
other wire placed alongside of the wire 
carrying the current. These same lines of 
force which will make a magnet out of a 
piece of soft iron will set up another cur¬ 
rent of electricity in another wire close to 
it, but which has no electrical connection 
with it. 

That is, if we would take a coil of wire 
and attach the end of the coil to a battery 
and then wind another coil around this first 
one and insulate it from the first, we would 
find that every time the current in the first 
coil, that is, the one connected with the bat¬ 
tery and which is called the primary coil 
is interrupted, or commences to flow or stops 
flowing, there is a current set up or “In¬ 
duced” in the other coil, which is called the 
“secondary” winding. 

As long as the current in the first coil 
continues without change or interruption, it 
does not set up an “induced” current in 
the secondary coil, fig. .3. 

The current Is “Induced” in the second¬ 
ary coll only when the flow of current in 
the primary coll changes, usually by open¬ 
ing or closing the circuit. The effect of the 
primary coil upon the secondary has been 
found to be increased if we put a bar of 
soft iron inside the two coils (which is 


done in fig. 3). The construction is just 
the same as if we took the electro-magnet 
referred to in Fig. 2 and wound the second¬ 
ary coil outside of the primary coil. 

The secondary current acts in .the same 
manner as the primary current; that is, it 
flows through wires and can be made to do 
work, and it can be grounded; the current 
leaving the secondary winding at one term¬ 
inal and returning to the other. The dif¬ 
ference is that it has exceedingly high pres¬ 
sure (voltage), and little volume (amper¬ 
age), and flows in a reverse direction, while 
the primary current has low pressure and 
great volume, but in both cases the total 
currents are equal. 

Therefore we have learned the first prin¬ 
ciples of a high tension coll; how the iron 
core is wound with a “primary” wire, and 
over the primary winding another winding 
called the “secondary,” is wound. 

When the circuit of the primary coil, which 
is connected with a source of electric supply 
of some sort, is closed and opened suddenly, 
the current is “induced” in the second 
winding, and at the same time it is “in¬ 
tensified,” meaning, the voltage is raised 
so high it will jump a gap as shown in 
figure 3. The method for making and break¬ 
ing this contact at the right time, will now 
be treated. 


The Vibrator—its purpose. 

As the secondary current only flows when the primary current begins to flow, and is 
suddenly interrupted, there must be an arrangement that completes the primary circuit, 
so that the battery current stops flowing or is interrupted from flowing. 

This arrangement is called a “vibrator,” and it may operate in two different ways; 
“electrically or magnetically,” and “mechanically.” 


The Mechanical Vibrator. 

The “mechanical vibrator,” is shown in chart 105, fig. 2. When this type of vibrator 
is used, the vibrator on the coll is not required, as the vibration of the flat spring against 
the adjusting screw causes the contact to be suddenly opened and closed, by the cam, 
during which time the flat spring vibrates mechanically, causing an induced current to 
flow in the secondary winding of the coil. 

It consists of a flat spring with a small weight on one end, and the other 
end is attached to a post. The weight rests on the iron rim of a small cam 
with a notch in it, so that when it turns the weight drops into the notch. One wire 
from the primary circuit is attached to the flat spring and the other wire of the 
primary to an “adjusting screw.” 

When the weight called the bob, is in the notch of the cam, the float spring 
makes contact with the * * adjusting screw ,' 9 and the current flows, but the cam in 
continuing to turn moves the weight out of the notch, which separates the flat spring 
from the screw, and breaks the circuit. 

Because of the springiness of the flat spring, it vibrates when the weight drops 
into the notch, making and breaking the current. By making and breaking the con¬ 
tact in this way, the primary current flows through the primary winding in waves, flowing 
and stopping each time that the vibrator makes and breaks the circuit, which produces 
a corresponding current in the secondary winding, called an “induced” current, as 
previously explained. 

The interruption method fig. 2, chart 105, was used extensively on single cylin¬ 
der motorcycle engines and a modification of this principle Is used on the modern 
ignition systems, as the Delco and Atwater-Kent systems, but instead of the flat 
spring, a different method is employed as shown in fig. 3 chart 106, which gives but a 
single spark. The principle of “mechanically” closing and opening the circuit, how¬ 
ever, 4s similar. (See also pages 247 to 252 and 378.) 
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rig. i.«_one Cylinder Engine wltn a Vibrator Type of Jump Spark Ootl and Two Seta of p*7 
Batteries for Ignition. Only one set of batteries in use at the time. Oommutator revolves one-halt 
the speed of crank shaft. 

FRtHMtY To TtfaEF —^ 



Pig. 2 . —Two Cylinder Vertical Engine (ISO degree crank shaft) with a 


Spark Coil and Two Sets of Dry Cells for Ignition, 
tator revolves one-half the speed of crank shaft. 


T/i MCe 


with a Vibrator Typo of 

Note position of segments ou commutator. 
(This type of engine is seldom used.) 



JbFhjo 



pig. 3.—A Two Cylinder Opposed Typo of Engine 
with a Two Cylinder Jump Spark Coll and a Set of 
Dry Calls and a Storage Battery, either of which 
may be used. The two contacts on commutator 
placed° opposite. Revolves % speed of crank shaft. 


Fig. 4.—A Single Cylinder Vibrator 
Type of Jump Spark Coil. This type 
is usually called a "Box Coil.'* Quite 
frequently a single cylinder box eoO 
has but one secondary connection on 
top. In this case the secondary con* 
neetion shown at front of the coil is 
connected inside of the coil to the pri¬ 
mary wire which connects to binding 
post P. 


JHART NoT 107 —Wiring Connections of the High 

(Magnetos not -shown here). 


Tension Vibrator OoU System of Ignition 
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The Magnetic Vibrator. 

The magnetic vibrator depends on the magnetism produced in the core of the 
ooil when the primary current passes. (See figs. 1 and 3, chart 105.) A flat spring, 
called the vibrator spring or blade, is so placed that one end of it is opposite the end 
of the core, the other end being firmly supported. Touching the vibrator spring near its 
free end is the point of contact with the “adjusting screw/’ 

Connections: One terminal of the battery (fig. 1, chart 104), is attached to the 
adjusting screw; the vibrator spring is connected to one of thd primary winding of the 
eoU; the other end of the primary winding is connected to the commutator, which we 
will call a revolving switch. When the “commutator” switches the current through 
the primary winding the “core” becomes a magnet and attracts the free end of the 
vibrator spring, drawing it away from the adjusting screw. As soon as the attraction 
draws the vibrator spring out of contact with the adjusting screw, the circuit is 
broken; the current stops flowing ito the primary coil, the core ceases to be a magnet, 
and the vibrator spring being no longer attracted by the magnetism, it springs back 
and again makes contact with the adjusting screw. This again closes the circuit, the 
vibrator spring is again attracted by the magnetism—thus the circuit through the 
vibrator spring and adjusting screw is broken and made again as long as the commutator 
keeps the primary circuit closed through its contacts. * 

The strength of the secondary current, and consequently the strength of the 
■park, depends on the correct adjustment of the vibrator spring by the adjusting screw 
An the construction of a coil is very delicate, it is not expected of the driver that he be a 
coil expert, but he should know how to adjust the vibrator properly. 


Succession and Single Spark.* 

The high tension coil using a magnetic vibrator in connection with a commutator 
(fig. 1, chart 104); causes a “succession” of sparks instead of a “single” spark. 
The disadvantage of this type of coil is the possibility of the vibrator platinum points 
■ticking, consequently a missing of explosions. Another disadvantage is that it 
makes several weak sparks, the hottest one igniting the charge. This causes slow ignition. 
A good “single” hot spark has proven the most effective, as used on the Delco and 
Atwater-Kent systems, employing a mechanical type of vibrator; (fig. 3, chart 106 and 
page 247). 


The Commutator. 

Because the secondary current is only needed when it is time for the 
spark to pass and ignite mixture, the. primary current is switched into 
the primary winding only once during two revolutions, (on a single cylinder 
engine), and the switching is done by a “commutator” or “timer.” 

Before proceeding further we will make a distinction between & commu¬ 
tator and a timer. Heretofore the word “timer” and “commutator” have 
been used to apply to the same device. Suppose we call the device which 
makes the contact by a brush or roller contact, as per figs. 1, 2 and 6, chart 
106, a commutator. This device is always used in connection with a mag¬ 
netic vibrator type of coil. 


The Timer. 

The timer, we will class as a mechanical method of causing the contact 
to be closed and opened, as per fig. 3, chart 106. This device makes a single 
spark and is generally used in connection with a coil without a vibrator. 

There are two principles of the timer; one, where it is used to open the 
circuit which is otherwise always closed. This operates on what is termed the 
dosed circuit principle. The opening of the closed circuit interrupts the flow— 
therefore it is termed “an interrupter” or “contact breaker,” (see page 243). 

The other, when it is used to close the circuit which is otherwise always open. 
This operates on what is termed the open circuit principle: (treated further 
on). 


•See page 250. 
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Fig. 1. Circuit of a Four Cylinder Vibrator Coil, Commutator and Storage Battery Ignition System. 

This illustration will explain the wiring connection from the battery, through the entire coil, commu¬ 
tator, ete. 

In order to clearly understand how the current travels and how the connections are made. PLACE ! 
TOUR PENCIL on the drawing at the (P-I-) positive pole of No. 1 battery'and follow out the circuit. 

We will begin with the positive pole connection of No. 1 storage battery; there are two batteries, 
but only one used at the time. If one runs down, the other one is thrown into service by switch on the 

coil. - , the switch is - on No. 1 contact the circuit would be from No. 1 

1 battery to switch, through switch lever to bus bar on front of the coil, which connects to the contact , 
screw “V/’ thence through the platinum points, through the magnetic vibrator spring to tho primary | 
winding which is wrapped around a core or bundle of soft iron wires. 

Tho other end of this primary wire connects with the segment on tho commutator; the current is ’ 
closed here at the right time. The commutator roller contact revolves as explained previously. Whoa , 
this contact is completed the primary circuit is closed on one of the four coils. When this circuit is 1 
closed, the bundle of iron wires (core) becomes magnetic and draws the vibrator down, but the moment 
the vibrator is drawn away from the contact with the vibrator screw, the circuit is broken and the 
Vibrator springs back and makes contact again, but is immediately drawn down again; this, of course, i 

is quick and rapid. This vibration is kept up as long as the contact is made on the timer, which, ef ' 

course, is only for a moment, but during that time the vibrator makes several vibrations or “buses.** 

Whan these vibrations occur, the current is 1 'induced* * into the secondary winding of fine insulate! 1 
wire wrapped around tho primary winding, called a secondary winding or circuit. (How and why thb 
current is induced into the secondary winding without any metallic connection was treated on page Ml.) | 

This secondary winding, of course, has two ends; one end goes to a spark plug and the other end ( 
connects to one side of the primary wire, which grounds it through the timer back to engine, then to ; 
plug again. | 

A separate coil unit Is provided for each cylinder. The dut& of the commutator Is to make contact 
at a certain time in order that the right coil will operate and supply an electrio spark to tho right 
cylinder at the right time. | 

Note: When one wire on any wiring diagram, passes over another wire without making contact, » | 
half circle is made, as shown above, where wire to second coil jumps the two other wires. 


JHABT NO. 108—Explanation of how a Four Cylinder Engine is Operated by Four Vibrator Orf 
Units, Commutator and two Sets of Batteries. Note the firing order is 1, 3 t 4 f g. 
change is made on the commutator. ' 9 

m also page 856 for electrical slgna or symbols—of wirea crossing, etc. 
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+A commutator might be termed a revolv¬ 
ing switch which brings two pieces of metal, 
connected in the primary circuit in contact 
with each other as it revolves. One part of 
the commutator is stationary and the other 
movable, being attached to the half-time 
shaft (cam shaft). The usual location for 
a commutator on an engine, is on the end 
of the cam shaft, as shown in chart 106, 
fig. 6. (Also see Ford supplement.) 

Construction: Commutators are made in 
various forms, some of which are shown in 
chart 106. (It is now seldom used.) The 
simplest, being one shown in fig. 1, con¬ 
sists of a small disk of hard rubber, wood 
fibre, or other insulator, in which is set a 
piece of metal that makes contact with the 
shaft to which the disk is attached. A flat 
metal spring, called a brush or blade rests 
on the circumference of the disk- and as it 
turns the metal plate is brought in contact 
with the spring. 

One wire from the primary circuit is con¬ 
nected to the brush; the shaft being of metal, and 
resting in metal bearings, is in contact with the 
metal of the engine and consequently the electric 
current may pass from it to the primary wire 
that is grounded on the engine. Thus when the 
wheel has turned so that the piece of metal called 
a contact, makes connection with the brush (the 
brush or blade being insulated from the base), 
the current passes from the brush to the contact, 
to the shaft, and then through the metal of the 
engine back to the battery. As the wheel in con¬ 
tinuing to turn moves the contact away from the 
brush, the circuit is broken and the current 
stops. 

Each time that the contact touches the brush 
or blade, the battery current passes through the 
primary winding of the coil, making the vibrator 
operate and causing the secondary current to 
form its spark in the cylinder. 

Commutator segments: The metal contacts 
in the fibre housing (fig. 2), to which wires 
from coils are connected, are called “ seg¬ 
ments. ** There are as many segments as 
there are cylinders. These segments are 
placed certain distances apart according to 
the number of cylinders, fer instance; a 
“two cylinder** commutator would have 
two contacts; if it is of the opposed cylin¬ 
der type. The two contacts would be placed 
180 degrees apart. If a “single cylinder** 
engine, only one spark is necessary during 
two revolutions of the crank shaft, therefore 
the contact roller would revolve one-half the 
speed of the crankshaft and there would 
need be but one contact segment. 

If * ''four cylinder*' engine, there would be 
four contacts; placed 90 degrees apart. Because 


••The Coil 

We have explained the essential principles 
of coil ignition; how the current is passed 
through the primary winding from a bat¬ 
tery or dynamo; how the contact is made 


the contact* roller revolves one-half the speed of 
the crank shaft, there would be four sparks during 
two revolutions of the crank. If a "three cylin¬ 
der'* engine, the contacts would be 120 degrees 
apart. The roller contact also revolves one-half 
the speed of crankshaft in this instance. If a 
"six cylinder" engine the contacts would be 60 
degrees apart, as six impulses or contacts are 
necessary during two revolutions of the crank 
shaft, therefore the roller contact would revolve 
one-half the speed of the crank shaft also. On an 
"eight," the contacts would be 45 degrees apart. 

How the Commutator or Timer, 

Helps Control the Speed. 

The commutator *is connected to the 
spark lever on the steering wheel. (See 
fig. 6, chart 106.) When the spark lever is 
pushed forward the commutator is shifted 
forward so that the metal roller makes con¬ 
tact earlier with the contact segment—this 
is called “advancing" the spark. 

If the commutator is shifted back instead 
of forward, the contact is made later—this 
is called “retarding" the spark. 

There are two methods for advancing 
and retarding the spark; (1) by hand, called 
“manual** method, per fig. 6, chart 106; 
(2) by a governor arrangement, as per chart 
117, which is automatic. Both are ex¬ 
plained under the "ignition timing** in¬ 
struction. 

The setting for the time of spark to occur 
is done by placing the contact at a certain 
position, as explained under “ignition tim¬ 
ing.** 

The gas throttle lever Is the lever used to 
run on and is the lever used to increase or 
decrease the speed of an engine. This is 
done by opening and closing tne throttle, 
as explained under the subject of carbure¬ 
tors (see pages 67 and 68.) 

It is well to ran with the spark lever as 
well forward, or advanced as possible, as it 
will tend to keep the speed of the engine 
up and consume less gasoline and create less 
heat. If the spark lever is too far ad¬ 
vanced then the engine will pound or knock 
because the ignition will take place before 
the piston is over the center. A retarded 
spark produces heat—see page 319. 

The amount of advancing and retarding 
of the spark by hand, must be learned by 
actual practice in order to get the best re¬ 
sults. 


Condenser. 

on the commutator and timer; how the flow 
of current is broken suddenly by means of 
a vibrator or timer and how the intensified 
spark is utilized for ignition. 


fHote—-A commutator Is really the segments on a dynamo connected with the armature coils, and on 
which brushes rest. It really should never have been applied to the ignition, bat ia so well known as 
an early form of contact, hence we will use it as explained. The Ford uses what is termed a commu¬ 
tator. See page 225 for difference between a commutator and a timer. 

•The advancing of the spark and relation of the speed of engine to the spark is treated under 
"ignition timing" alao. ••See pages 228 and 245 for coil condenser and page 273, magneto condenser. 
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/76-T. THREE CYLINDERS 


f/o. y /iwe (yumoers 

The Condenser—below. 


▲ condenser is connected with the primary circuit of all high tension coils with or without vibra¬ 
tors, also in connection with primary winding on high tension magnetos. 

The purpose of the condenser is to intensify the spark at the points of the spark plug and also to pre¬ 
vent excessive Sparking at the end of the platinum contact points (0) on the vibrator. If sparking at the 
vibrator is permitted to continue the point of the latter will wear and become pitted and will stick togethw. 

A condenser is usually placed In the bottom part of the coll box and consists of a number of oond n o- 
ton, which in this case are leaves of tinfoil, separated by paper, covered with paraffine. Paraffine papv 
is usually employed, but mica or some other insulating material may be used. 

The alternate layers of tinfoil are connected together and the remaining layers connected together os 
shown at (D). (see also page 229). The two terminals of the condenser are connected or “bridged** across 
the points (0) in the circuit as shown. 

The function of the condenser is to act as a buffer to the current at the moment that the circuit aft 
contact points (0) are broken. Its first duty, undoubtedly is to absorb the spark at the contact points. 

Hot only does the condenser absorb the spark from the contact points (0), but it reverses the direc¬ 
tion of the current in the primary wire (P) and changes the poles of the magnet on core. For instance, 

end of core which was north pole of mag 


Secondary to spark plug 


Secondary 


•Primary 


Condenser 


net suddenly becomes south and vice vena. 
_i Tl vorsa. 

The reason for it is this: We have 
! i I seen that any change taking place in on 

; [ G j electrical conductor induces electric esr* 

; I | rents in neighboring conductors, according 

; [ | to the intensity of the change. Now, the 

| J ] sudden change which is caused to take 

Y / place in half the tinfoil of the condenser, 

jjp a when the current is broken by the vibrs- 

v i tor blade (V), causes powerful currents 

i jj i to be induced in the other half of the 

sheets of tinfoil which are connected Is 
the adjustable screw (R) and therefore 
Oround current to the primary winding; and ns those 
through mdtal Induced currents flow In the opposite dl» 
of engine rectlon to the currents causing them they 

send a current through the primary in the 
opposite direction to the current that was 
fcttery flowing before the vibrator blade broke 

• contact. Thus the current in the primary 

is not merely stopped but actually re- 
I versed. The effect being greatly to ia- 

I tensify the high tension current in the 

h —I thin, secondary wire and therefore to pro- 

1 duce a more powerful spark at spark ptag 

■■■■-■* (G). See page 273, magneto condenser. 


battery 


CHART HO. 109—Diagram of Connections of theSplitdorf 1, 2, 3 and 4 Cylinder Vibrator Type* 
Colls. The coils are contained in a coil box and can be removed. Each coil is called a “Otf 
Unit.” A Condenser; principle and connections. See page 803 for a “coil-box’* and ‘ 
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And now we come to the condenser which 
is usually built in the lower part of the 
coil where it is securely enclosed. Its func¬ 
tions are as follows: 

We have seen that the intensity of the 
secondary current or spark depends upon 
the suddenness with which we can break the 
primary current and destroy the magnetic 
lines of force. 

One might therefore imagine that the 
mere act of mechanically dividing the cir¬ 
cuit would suffice, but it is not so, for this 
reason:—The effect of separating the con¬ 
tact points is mainly to induce a high-ten¬ 
sion current in the secondary coil, but un¬ 
fortunately this induction law does not con¬ 
fine its attentions entirely to the secondary 
winding, but proceeds to induce a high-ten¬ 
sion “follow-on 11 current In the primary 
coil itself, thus defeating our efforts to get 
a sudden cessation of current here. 

Not only so, but this current, having a 
high potential (i. e., is capable of jump¬ 
ing across air gaps), promptly makes a tem¬ 
porary arc between the points which have 
just separated. It therefore performs the 
double .iniquity of (1) destroying the 
strength of the spark by preventing the 
primary current from stopping instantane¬ 
ously and (2) of burning up the platinum 
points by the hot electric arc which is 
formed at the break. 


We must therefore take steps to stop this 
and have accordingly, recoursed to the con- 
denser.** 

This is composed of 
a large number of 
small sheets of tin 
foil, insulated from 
each other by sheets 
of mica (or in the 
case of a coil by par¬ 
affin paper) and tight¬ 
ly pressed together. 
All the even numbers 
are connected up to 
form one pole, and all 
the odd numbers to 
form the other pole. 

The condenser is “bridged’ 1 across the 
contact points C, fig. 5, page 228, or eontaet 
points of a magneto (page 274), in such\a 
way that when the points separate, the con¬ 
denser bridges the gap and acts precisely as 
a spring buffer. The high-tension “follow- 
on ’’ is, so to speak, forced into the condenser, 
which on becoming charged instantly forces 
it out again by a species of electrical rebound 
not only checking the current but momen¬ 
tarily reversing its direction, which is of 
course even more effective. 

The intensity of the secondary or firing 
spark iB thus increased ten-fold and the 
primary spark at the contact points reduced 
almost to invisibility, (see also page 273.) 






High Tension 

The manner in which the parts of the 
high tension ignition circuit are connected 
together is shown on page 218, fig. 1. From 
the battery is led a ground wire, attached 
to any convenient part of the engine. 

When the commutator connection on en¬ 
gine makes contact, the current flows from 
the battery (if a battery is used), from 
the positive (+) pole through the vibrator 
and the primary winding of the coil, through 
the contact segment of the commutuator, 
through the roller, and by the metal of the 
engine and the ground wire back to the bat¬ 
tery at negative pole (N—). 

As soon as the primary current causes the 
vibrator of the coil to operate, the “ second¬ 
ary’’ or “induced” current is formed, and 
goes to the spark plug, where it jumps the 


Coil Circuit. 

“gap” between the points, at “X” and re¬ 
turns to the coil through the metal of the 
engine and the secondary wire. We ex¬ 
plained on page 221 how the current is “in¬ 
duced” from the primary winding to the 
secondary winding. 

The usual trouble in the operation of the 
jump spark system is the fouling of the 
spark plug by carbon from a mixture that 
is too rich in gasoline, or by the burning of 
lubricating oil. This carbon deposit short 
circuits the points; that is, it is easier for 
the current to go from one point to the 
other by running over the carbon, which is 
a conductor, than by jumping across the 
gap on the plug. The result; engine misses 
explosion (see charts 112 and 113). 


High Tension Coll—Wiring. 


The following are examples of the high 
tension vibrator coil system of ignition, 
using a commutator. tThe coil box is usual¬ 
ly placed on the dash, but wherever its lo¬ 
cation may be, it should be carefully pro¬ 
tected from moisture. The coil box contains 
as many coils as there are cylinders. Each 
coil is called a “unit.” 

Fig. 1, chart 107, page 224. Connecting a 
one cylinder engine with a high tension coll 


system; when the engine of an automobile 
has but one cylinder, it is usually placed in 
a horizontal position under the body of the 
car. The location of the battery, coil box 
or other parts of the ignition system de¬ 
pends on the design of the car. 

*The switch is usually placed on the 
coil box. One wire from each set of bat¬ 
teries, usually from their positive poles, 
is connected to one of the switch terminals, 


•In this illustration the positive (+) side is grounded, and the negative (—) side is connected to 
switch. However, it makes no material difference. In fact it is a good idea to occasionally change 
the flow of current, to prevent the platinum points of the coil “pitting" as explained under description 
of the Atwater-Kent Depolarizer Switch, chart 117, fig. 5. 

tSee page 808 for illustration of a “Coil-box" and “Coil-unit." **See page 228 flg. 5, and flg. 1. 
this page. 
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Tig. 1— A muter vibrator coil on a four cylinder engine aa an example. SW — aeoondary winding. 
PW—primary winding. P—primary wire. VB—vibrator. VS—vibrator screw. C— coils. BB—buss 
bar, connecting all primary windings at one end. SO—secondary ground wire. Fig. 2m shown how the 
vibrator on the coils 01, 02, 03 and 04 are short circuited. ' 

The purpose of the master vibrator coll is to do the vibrating for the other coils. 

For instance; quite often multiple cylinder coils with several vibrators cause 7 consider¬ 
able trouble from the * * sticking” or welding together of the platinum points, causing missing. 
Where a multiple unit coil is used, a great deal of care must be excercised to keep in 

proper adjustment. 

By placing a single wound master vibrator coll In series with the primary circuit, and 
by short circuiting all of the vibrators on the coils, the one master vibrator* will do the work 
for the others. 

It will be noted however, the other coils are used for making the spark otherwise. Also 
note there is but one winding on the master vibrator coil; its purpose merely being that of 
vibrating. 

On the above diagram, note the firing order Is 1, 3, 4, 2. No. 1 cylinder is now firing, as 
coil (Cl) and contact on commutator (1) is in operation. The next cylinder to fire will be No. 
3 Trace diagram with pencil. 

Note all of the secondary wires are 1 'grounded” on one end. This is usually done in the 
coil box, all connections being made to a binding post. a A ground wire is then run to the 
frame of engine from the binding post. 



Fig. 1A—A high tension distributor or synchronous system of ignition. P—primary winding. S— 
secondary. Note one end grounds to engine; usually grounded on the coil. - VS—vibrator screw. 

Fig. 2—Note distributor and commutator are together. The wiring diagram shows the two separated 
merely to explain the action. 

* A dis tributor system uses but one vibrator colL Thus doing away with a great deal of. 
complicated wiring. Instead of a commutator being placed on the end of cam shaft, a com* 
bination of a commutator and distributor as shown in Fig. 2, is placed there. When one 
makes contact, the other does also (this is called synchronously, or meaning at the same 


uuic;. 

The purpose of the distributor is to distribute the secondary current to each spark plug 
at the right time. Note No. 1 is now on contact on commutator, also on distributor. No. * 
will fire next. (See text.) Note all the terminals are connected together on the commutator. 


hart NO. 110—A Master Vibrator High Tension Coil Ignition System. .A High Tension Distri¬ 
butor or Synchronous System. (Note the master vibrator system would also be termed a syn¬ 
chronous svst^m.l 

^ See page ’264 for K. W. Master-vibrator. 
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ao that swinging the switch blade from side 
to side throws one or the other into circuit. 
The negative terminals are grounded by be¬ 
ing connected to the metal of the engine, 
using one wire for both. 

The primary terminal of the coil box is 
connected to the binding post of the commu¬ 
tator; when the commutator in revolving 
makes contact, the current flows through 
the shaft to which the commutator is con¬ 
nected and through that and the metal of, 
the engine to the ground wire and battery.’ 
Thus the only primary connection to be 
made are from the two sets of batteries to 
the switch; from the batteries to the 
ground; from the primary binding post to 
the commutator. The secondary terminal 
of the coil box is connected to the spark 
plug. 

Fig. 2, chart 107, page 224: Two cylinder 
engine with high tension vibrator coil, using 
two sets of dry cells: The coil box contains 
two coils, one for each cylinder and is us¬ 
ually located on the dash. The box contain¬ 
ing the batteries is usually under the seat. 

The connections from the batteries to the 
switch are the same, no matter how many 
coils there may be; that is, each set is con¬ 
nected to a switch point, and one ground 
wire for both. 

The commutator has two binding posts, 
one for each contact point and one primary 
terminal is connected to one of the contacts, 
the other primary terminal being connected 
to the other contact. In the commutator 
shown in fig. 2, chart 107, the crank iB 
supposed to be 180 degrees, which in chart 
62, fig. 3, was shown to produce two power 
strokes in one revolution, followed by a 
revolution without a power stroke. The 
contact points of the commutator are sep¬ 
arated by a distance that requires the crank 
shaft to make a half revolution or 180 de¬ 
grees, in order that the moving part may 
move from one contact to the other, or 90 
degrees, and then a revolution and a half 
to move it to the first contact point again. 
This, of course, is uneven firing. The plac¬ 
ing of the segments on commutator there¬ 
fore must be 90 degrees from first to the 
second segment, then 270 degrees to the 
next (commutator revolves one-half speed 
of engine crank). 

* 

If the crank shaft of this vertical engine 
were 360 degrees, as in engine fig. 2, chart 
62; the contacts would be on opposite sides 
of the commutator like the commutator 
shown in fig. 2, chart 109, so that the crank 
shaft would make a full revolution to turn 
the moving part from one to the other, be¬ 
cause a crank shaft of this kind permits a 
power stroke every revolution. Because a 
horizontal two cylinder opposed engine per¬ 
mits a power stroke every revolution, this 


last described commutator is also used on 
it. (fig. 3, chart 107.) 

Fig. 1, page 226: Four cylinder engine 
with a high tension vibrator coil system, 
using two storage batteries: The more 
satisfactory system for a four cylinder high 
tension vibrator coil system of ignition (we 
will make exception of the magneto and 
Delco, Atwater-Eent and systems of this 
kind, which are treated later), is with a 
storage battery as shown in fig. 1. One 
battery is used for regular work, the other 
for a reserve. Or a set of dry cells could 
be used as a reserve. The wiring of a four 
cylinder vertical engine is the same in prin¬ 
ciple as that of engines with fewer cylin¬ 
ders, there only being an increase in the 
number of parts. 

It must be remembered that, for reasons 
given in chart 63, the order in which the 
explosions occur in the cylinders is not 
regular, 1, 2, 3, 4, but Irregular, being 1, 3, 
4, 2 or 1, *, 4, 3. While either of these 
may be used, according to the action of 
the exhaust valve, the former, 1, 3, 4, 2, is 
in most general use as the engine is con¬ 
sidered to run with less vibration than with 
any other firing order; therefore, we will 
connect this commutator and coil for a fir¬ 
ing order of 1, 8, 4, 2. 

The wiring connection for this irregular 
firing, is made by changing the connections 
on the commutator, causing the spark to 
occur in the proper cylinder at the right 
time. 

Referring to fig. 1, chart 108, it will be 
seen that connections are made between 
the primary terminals of the coil box and 
the commutator, so that the current of No. 
1 coil leads to the contact on the commuta¬ 
tor which makes connection to cylinder No. 
1, which is now at the end of the compres¬ 
sion stroke and ready to fire. 

As the commutator revolves, the next con¬ 
tact to be made is No. 3, on commutator 
which is the next cylinder to fire. Cylinder 
No. 4 fires third; therefore coil No. 4 is 
connected to the next commutator contact 
to be made. The next cylinder to fire is 
No. 2; therefore No. 2 will fire after No. 4. 

The connections between the secondary 
terminals of the coil box and the spark 
plugs are in regular order; coil No. 1 to 
spark plug No. 1, coil No. 2 to spark plug 
No. 2, and so on. 

It must be understood that the proper 
connections are made in the coil box by 
makers to permit the secondary current to 
return to the secondary winding over the 
commutator and ground wire. In fig. 1 this 
connection is made inside of coil where it 
says, li primary and secondary connect 
here." 
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The Master Vibrator GolL 


With the 4 'high tension” vibrator coil 
system, just described (chart 108, page 
226); as many coil units, each with vibra¬ 
tors, would be provided as the engine had 
cylinders. If a four cylinder engine; four 
vibrator coil units would be necessary. If 
a six cylinder engine; six vibrator coil 
units would be necessary. 

It will be noted that with this number of 
vibrators, one or more would be constantly 
sticking, unless a great deal of attention 
was given to them. 

Therefore, by using a master vibrator, 
only one vibrator coll la used, which is con¬ 
nected with the other coils as shown in fig. 
1, chart 110. 

The master vibrator coil has but a single 
primary winding, and is connected in series, 
so the primary current must travel through 
it before reaching any of the coils. The 
usual commutator is employed. 

The master vibrator coil can be connected 


with a “multiple” of coils, by screwing 
down the vibrators on all coils and short 
circuiting them by connecting as shown in 
fig. 2M, page 230 and fig. 4, page 264. Note 
the coils are the regular double wound, high 
tension coils, as shown on pages 220 and 
226. 

The advantage of such a system is that 
there is but one vibrator to keep in adjust¬ 
ment, since this vibrator serves for all the 
cylinders; whereas, with one for each unit, 
all have to be kept in adjustment and the 
difficulty of keeping several adjustments is 
a considerable factor. 

The disadvantage is the great amount of 
wiring necessary with the multiple coil sys¬ 
tem. Although the master vibrator is eas¬ 
ily connected and requires very little wir¬ 
ing, the “ distributor ” system which will 
be explained next requires considerably less 
wiring. The master vibrator is an excel¬ 
lent addition to be applied to a multiple 
system of ignition, already installed. 


♦The 44 Distributor” or Synchronous System of Ignition. 


In the foregoing examples it will have 
been noted that the amount of wiring re¬ 
quired for engines having more than one cyl¬ 
inder becomes increasingly complicated. A 
system now generally used, known as the 
“distributor system,’* very considerably 
simplifies the wiring, and at the same time 
more accurate timing of firing of the re¬ 
spective cylinder is obtained. (See fig. 1A, 
chart 110.) 

One tremble coil only, is necessary, this 
having the high-tension terminal joined up 
to the “distributor,” which is a special 
form of rotating switch highly insulated, 
which directs the high-tension current to 
the cylinders in the required order. 

The distributor brush (B), rotates at the 
same speed as the commutator roller con¬ 
tact maker, and in perfect unison with it; 
that is to say, when the low tension circuit 
is completed, the high tension circuit is 
completed likewise. The diagram should 
make the system clear, it being borne in 
mind that the distributor is rotating as well 
as the contact maker, and in perfect 4 4 syn¬ 
chronism” with it. 

The secondary distributor is made in com¬ 
bination with a commutator, each with as 
many contacts as the engine has cylinders 
and with the moving parts of each attached 
to the same shaft and revolving. (See chart 
No. 110, figs. 2 and 3.) 

The battery is connected to the single coil 
in the usual manner, and a wire is run from 
the primary terminal of the coil to the 


commutator, where it is connected to the 
four points. Thus when the commutator 
revolves, the current is passed through the 
one coil every time that contact is made. 

If with this arangement a wire was run 
from the secondary terminal of the coil to 
the four spark plugs, sparks would pass in 
all four cylinders whenever the timer made 
contact. Instead of this, one secondary wire 
is run from the secondary terminal to the 
moving part of the distributor, and from 
each contact point of the distributor to the 
proper spark plug. 

When the commutator makes contact, and 
the secondary current is formed, it flows to 
the distributor, which at that instant has 
made contact with one of the points, so that 
th secondary current flows across the con¬ 
tact and to the spark plug that is connected. 

The advantage of this system is that 
there is only one vibrator to keep in ad¬ 
justment, and fewer parts. The disadvan¬ 
tage is that the coil has no rest, and the 
constant use tends to heat it, and destroy 
its insdation. The constant action of the 
vibrator is liable to burn the vibrator 
points, and destroy them. 

Therefore the modern Ignition system, 0 
using a “distributor system” of a iHmiinr 
principle, as the Delco and Atwater-Kent 
systems; the “vibrator” is not used. The 
timer being of slightly different construc¬ 
tion obviates the necessity of the vibrator. 
This latter system is explained further on 
in this instruction. 


*The principle of this system is similar to Delco and Atwater-Kent modern battery and coil Igni¬ 
tion systems, except the systems mentioned, nse a form of timer, called an * 'Interrupter,*' thereby 
dispensing with the vibrator on the coil—(treated separately farther on). 



SPARK PLUG AND COIL TROUBLES 


INSTRUCTION No. 18. 

SPARK PLUG AND COIL TROUBLES: Spark Plug Tests 
and Gaps. Size of Spark Plugs; Regular, A. L. A. M. or 
S. A. E. Testing Coils and Spark Plugs. Ignition Wiring 
Troubles. Dressing Platinum Points. 


Inasmuch as we will deal next with coll 
Ignition systems without the vibrator, it 
is well to review the troubles caused by vi¬ 
brators and their relation to the spark plug. 
We will also refer to troubles caused by de¬ 
fective wiring, commutator, etc. 

When the engine stops, one or more of 
the following, is likely the cause; (1) out 
of gasoline; (2) carburetion defective; (3) 
ignition defective. 

Under the subject of 11 carburetion 9 9 will 
be found the carburetion, gasoline and kin¬ 
dred troubles and remedies. 

If the trouble is not with the carburetion, 
then the trouble is likely due to ignition. 
The following may be the cause; broken 
or loose wire or switch, run down battery. 

***If the engine misses explosion—the 
trouble may be due to carburetion at fault 
(see carburetion). If the trouble is not 
with carburetion, then the chances are the 
spark plug is missing on account of being 


fouled. The spark plug causes mere trouble 
in this respect than any other part of the 
ignition system, (see pages 218 and 237.) 

The cause of spark plug sooting and pre- 
ignition: tA poor grade of oil will turn to 
earbon (soot), and will deposit on the end 
and inside of the spark plug and “ short 
circuit 1 ’ the plug so that the spark will not 
occur at the point and consequently cause 
missing of explosion. 

Poor oil will also leave carbon or soot 
deposit on the end of the piston and inside 
of the combustion chamber. This deposit 
hardens, and sharp points of it will project. 
This projection will become heated white hot, 
causing the gas to ignite before it is time. 
This is called premature or “pre-ignition.'* 

Therefore, spark-plug troubles are usually 
as follows; short-circuited from carbon, 
cracked porcelains, electrodes burnt away, 
not pressure tight, moisture condensing on 
insulator. 


♦Spark Plug Tests and Gap. 


To test to see if the spark plugs are miss¬ 
ing, see page 237, figs. 1 and 2. Another 
method, if a vibrator coil is used, is ex¬ 
plained in fig. 1, page 236. 

To see which spark piug Is missing, see 
pages 237 and 236. 

To test the spark plug Itself, see fig. 2, 
page 236. 

To see if spark plug is leaking around 
the porcelain at the top (A) of bushing or 
below (B) where bush¬ 
ing is screwed into the 
shell of plug — squirt 
gasoline at these points, 
engine is running and 
note if bubbles appear. 

Plug Gap. 

The gap is the dis- 
t a n c e between the 
points on the plug 
shell and electrode (see fig. 3, page 218), 
It is important that this distance be exact. 

tA magneto requires less gap on plug than 
a coil, because when engine is running slow, 
ihe magneto current is weaker. 

tWhere a vibrator coll is used, the usual 
distance is about 1-32 inch. With a “sin¬ 
gle spark" system, however, as the At- 
wster-Kent, where the spark is very quick 
the gap must be very small, about .025 of 
an inch. In fact this is the average distance. 


It is also essential that the battery be 
kept charged so it will deliver its proper 
voltage with a “single spark" system—as 
it is quick and must have pressure enough 
behind the coll to cause a hot spark. 

tflf points are too close, it will be impos¬ 
sible to run slowly, for the actual area of 
the flame will be too small. 

ttlf gap is too wide, misfiring (on a high 
compression engine) is apt to take place, 
especially when one tries to accelerate sud¬ 
denly, after going slow. The effect of open¬ 
ing throttle and admitting a full charge is 
to increase compression and it is well known 
that resistance increases with pressure. 

The coil will operate np to Vfe inch, but bear in 
mind the greater this distance, the more strain 
on coil ana “leaner" the spark. 

The space between the spark points must be 
considered an insulator, and it must be remem¬ 
bered that the compressed charge in the cylinder 
through which the spark is required to jump is a 
better insulator than uncompressed air. 

A spark that will Jump the point or gap of a 
spark ping when the ping is ont of the cylinder 
may not have strength enough to Jump when the 
plug is screwed in the cylinder and under com¬ 
pression. So the spark must be especially strong, 
and should be able to punch a hole through a 
visiting card held between the points. 

Therefore the gap depends upon; (1) the 
kind of ignition system; (2) the amount of 
compression of engine. 



tSee repair subject, "pre-ignition and carbon removal" pages 680 and 623. *Location of the 
spark plug is usually over the inlet valve, see page 210. Also see page 230 for sise of spark plug 
for different cars. 

***See page 171. $See pages 200, 208, 207, 808. ttSee also page 250. 
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DYKE’S INSTRUCTION NUMBER EIGHTEEN. 


Adjusting Vibrators. 

The usual way of adjusting a con trembler or 
vibrator is the rather rule-of-thumb method of 
screwing down the trembler screw till there is a 
sharp musical "buzz” obtained, and, as near as it 
is possible to determine, to adjust the screws so as 
to obtain the same note from each trembler. 


izing. Therefore, when using "direct" current for 
vibrator coil ignition, it is a good idea to occasion 
ally change the connection on the battery. The cur- , 
rent flowing in one continuous direction causes this 
pitting of points. Where "alternating" current is i 
used, as with a magneto, the points do not pit as 
much, because current is changing direction of flow. 
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screw are soon 
excessive sparking. 


Current consumption of 
the coll depends largely on 
how close the vibrator con¬ 
tacts are set. Very often 
it happens that a good deal 
of current is wasted in hav¬ 
ing too close contact, and 
at the same time the plat* 
inum points on both the vi¬ 
brator and the adjusting 
"pitted" and worn out from the 


There is a further serious disadvantage; insomuch 
that the firing point cannot, be synchronized for 
each cylinder, the closely-set trembler firing the 
charge earlier than the lightly-set one. and thus it 
happens that an engine rarely gives off the full 
amount of power. Perfect synchronism is required 
in obtaining full power. This explains why some 
engines often give more power on the magneto. The 
fault lies in bad setting of the coil and sticking 
vibrators. 


*Testtng a Vibrator Coll. 

A special ammeter reading very loV (0 to 3 am¬ 
peres), for adjusting coils is a most useful acces¬ 
sory, as it is only necessary to connect it ip the 
primary coil circuit, one terminal being joined di¬ 
rect to the terminal on the coil, and the other join¬ 
ing to the battery terminal, the usual connection 
being temporarily taken off. (see fig. 2.) 

A 6 volt fully charged 
storage battery or four 
fresh dry cells can be used. 
Separate the secondary ter¬ 
minals (S) % inch.t Adjust 
vibrator until needle on am¬ 
meter shows 1% amperes. 
If there is a continuous flow 
of blue sparks and there is 
volume to the spark instead 
of being yellow and thin, 
adjusted and is o. k. Try 
blowing on the spark to see if it spreads, this in¬ 
dicates volume, which is desirable. 

If the flow of sparks is not constant, this indi¬ 
cates that the vibrator points are probably "pitted." 

If there is a short circuit in the coil, or points 
stuck, the needle would go far beyond its normal 
range, indicating the passage of excessive current. 

If there is a bad connection Inside of coll, the 
needle would jump about instead of remaining 
steady. 

A loose terminal or connection would cause a 
low and unsteady reading. 

If ammeter shows over 1.8 amperes, the coil may 
be wound for a higher amperage than 1%, and 
if adjustment of screw does not reduce same, then 
the vibrator spring is too strong and stands away 
too far from the core. In this case bend the vi¬ 
brator spring down and readjust screw. 

A light contact on a coil trembler means econ¬ 
omy of current, but if too light the engine will not 
run properly; above a certain speed it will be 
weak as the result of a feeble spark at the plug. 



Dressing Platinum Points. 

Every time the contact separates, a minute quan¬ 
tity of platinum is transferred from one contact to 
the other. If the current is reversed by means of 
a reversing switch, the lost platinum will be trans¬ 
ferred back to some extent. This is called depolar- 


Testing Platinum Contact Points. 

Imitation platinum will also cause "pitting." 
Ton can test to see if genuine platinum by put¬ 
ting nitric acid on it. If it eats into the metal it 
is not genuine platinum. A jewelers-stone can also , 
be used for this test—ask any jeweler. 


IH|||| _ - .. . Pig. 3 shows pitting, and is the i 

'm 9 state a properly set con tact-point 

if 1 ? P*? finally arrives at. 

V v Fig. 4 is the result of a badly 

«=**=■ set contact, which is worn un¬ 
evenly, the platinum would have | 
to be filed away right down to the steel and the . 
spark would then soon eat the rivet hole and cause 
serious misfiring. 


Dressing Contact-Points. | 

To dress the platinum points, remember that the ' 
main retirements are to remove only as small 
amount of the valuable metal as possible and trim I 
the surface dead level and smooth, and in making the 
final adjustment of the screw, do not set the plat¬ 
inums closer than necessary to give a good, steady ! 
buzz of the vibrator. ' 

Pot dressing the points (also magneto points). . 
suitable small jewelers files are sold at accessory ! 
shops. It is a very thin and finely cut file. 

If surfaces are merely blackened insert a strip i 
of 00 emery paper between the two points, and 1 
pull the paper through them a few times. ■ 

An oil stone is excellent for dressing points—see 
page 809. . 


Platinum and Tungsten Contact-Points. [ 

Insist on genuine platinum points when purchas- ! 
ing new screws or vibrator springs. Platinum- 
iridium and Tungsten metal points are both used. I 
Imitation points will "pit" and burn together and 1 
cause missing. 

Platinum iridium alloy, which consists of 80 *Tr | 
platinum and 20% iridium, should be used on a ? l 
magneto contact-breaker points. Pure platinum > 
would hammer under action of interrupter, there- I 
fore iridium which is harder is used with it. 

Tungsten points are quite often used on coll and ! 
battery systems due to its extreme hardness and 
lnfusihUity, but its disadvantages for magneto nae 

are oxidation of points when heavy currents are i 
carried. The oxidation results in a high resistance 
oxide which makes it difficult to start, and the arc- i 
ing makes it very difficult to distinguish when a I 
condenser is defective. When platinum iridium con- 1 
tacts are used, extreme arcing is always an indica- . 
tion of a defective condenser. Tungsten points [ 
therefore require a greater condenser capacity to , 
overcome arcing than platinum does. ' 

Platinum iridium is best for all contact point- 
but as stated, tungsten can be used on coil and ■ 
battery systems—see also page 304. * 

Above applies to contact points on vibrator coil • 
screws and springs. 

Spark Gup Suggestions. 

Do not set spark plug gups over V62 inch apart. * 
A longer gap will likely cause a misfire. 

When testing the spark, by removing wire from , 
plug, do not separate the terminal wire from plug ' 
or engine frame more than % inch, as it will strain • 
the coil and break down the insulation. ! 


OHABT NO. Ill—Adjusting Vibrators. Dressing down “Pitted” Platinum Points. 

On the Ford, the magneto generates "alternating" current, therefore, the pitting of points ia not so bad, 
but when the car is run continuously at high speed, naturally the magneto generates a higher voltage, hence 
pitted platinum points. (See Ford Supplement.) fSee page 739 for a simple method of arranging a handy gap 
when testing. *See also, pages 302, 398. 



SPARK PLUG AND COIL TROUBLES. 


Setting Gap 

First set gap at .026—if engine misses* then 
try this; remember that the gap should bo just as 
wide as the ignition system will stand. 

To experiment—try setting the plug point on 
say—one cylinder until it misses on a hard pull 
up hill with throttle closed or as much closed as 


of Spark Plug, 
it will pull the hill comfortably. 

Then slightly close gap and try hill again and 
continue experimenting in this way until the miss¬ 
ing stops. When correct distance is found then 
set the other plugs accordingly. 


Spark Plug Construction. 


Location—usually over the inlet valves 
on “L” type cylinders and on the side, of 
“I” head cylinders. See page 219, why 
spark plugs are placed over inlet valves. 

Where plugs are used on overhead valve 
engines or high compression engines the plug 
must be of good construction—gas tight and 
free of electrical leaks—and are usually 
placed on side of engine (see Buick). 

Construction—There are two types in gen¬ 
eral use; the “separable” type plug where 
the insulation or core can be removed as 
per figure 3, page 218, and the “integral,” 
or one piece plug per figs. 5, and 10, page 
238. 

The parte of a plug are; the shell or body 
which screws into cylinder (see 3, page 
218); the insulation which is held in the 
shell by brass bushing (N); the electrode 
which passes through insulation. Washers 
are used as a gas tight packing, per fig. 2, 
page 218. 

The insulation is sometimes made of mica, 
but owing to the construction, which is 
usually with washers, it leaks or permits 
current to pass to the electrode especially 
when oily. The best insulation is porce¬ 
lain and this, unless of best grade (not por¬ 
ous)* will also leak, thereby weakening the 
spark. 

Where mica is used on plugs on aeronautic 
engines, per fig. 12, they are uBed but a brief 
time and new ones substituted. 

t Separable plugs have tendency to leak 
and cause missing* especially at low speeds 


and hard pulls or on high compression en¬ 
gines. The integral plug appears to gain a' 
point in its favor here. 

Electrode should be made of nickel alloy 
—if not properly made it will expand under 
intense heat and break the porcelain. 

Cement—is placed around electrode—as it 
dries,, it becomes porous and porosity means 
electrical leaks. 

Therefore, it is plain to see that “leakage 
of gas” and “leakage of electricity” are 
the troubles to be overcome in spark plug 
construction. Leakage of gas causes “leak¬ 
age of compression” and leakage of elec¬ 
tricity causes a “weak spark.” 

Poor throttling, poor pick up, missing on 
hard pulls and high speeds are frequently 
caused by using a poor grade plug. Of 
course there are other conditions which will 
cause this, (see page 171), as carbonized in¬ 
sulators, or too close or too wide a gap at 
the plug points, or improper carburetion ad¬ 
justment, but assuming that these troubles 
are corrected the leakage'of gas and elec¬ 
tricity are two essentials seldom noticed. 

Therefore* the highest priced plug is often 
the cheapest. Likewise a poor grade coil 
when hot, will lose its efficiency. 

Spark Plug Sizes. 

Different threads are explained on page 
238. Different lengths, see page 237 and 238. 

Cleaning a Spark Plug. 

Don’t mar or glaze the porcelain as it will 
cause “porosity” and “electrical” leaks. 
See pages 237, 592. 


•♦Vibrator Coil Troubles. 


We will not deal with the modem “single 
spark” coll troubles here but principally 
with the vibrator type coils. The single 
spark coil is dealt with further on. 

Vibrator points sticking; where the vibra¬ 
tor type of coil is used. This is frequently 
the cause of missing of explosion. The 
points bum together as explained on page 
234. The cause of this, is due to the “di¬ 
rect” current flowing in one direction con¬ 
tinuously. (see page 248, “depolarizer 
switch.’ 1 ) Another cause- is that of using 
too much pressure or voltage. For instance, 
coils are usually wound for 6 volts. If each 
dry cell gives 1% volts when working, and 


five cells used, the coil points do very nicely. 
If : however, eight cells are used, the excess 
pressure is more than the condenser in coil 
can take care of; result excessive sparking 
at the platinum points on vibrator and 
screw. 

To tost the vibrators, see chart 112. To 
adjust vibrator and clean the platinum 
points, see chart 111. 

$Other causes of missing, as before stated, 
is due to loose wires or connections on bat¬ 
tery or run down battery—see page 241 
for loose connections and wiring and for 
testing batteries. 


••To tost a high tension coll, see page 236. 

•See “Standard Adjustments of Leading Oars,'* for gap to set spark pings. 

••See index, “Testing Coils." 

$See pages 299, 298 and 297—for magneto interrupter adjustment. See pages 298 and 171 for miss¬ 
ing at low and high speeds. 

tSeparate pings should have good gaskets and drawn tight—see page 239. 

•Its difficult to obtain a porcelain which will not absorb oil and cause leakage of electricity through 
it. Best grade come from France and Bohemia. 
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Pig. 1—Testing for missing with 
vibrators on the colL 




Pig. 2—Testing a Spark Ping.—Place the spark plug , 
on the cylinder with wire connected and switch on. 
Crank engine slowly. If the spark occurs at the gap | 
“X" the plug is O. K. If it sparks up inside of the 1 
shell, between the porcelain and shell at it is , 

fouled and misses. It must then be taken apart and 
carbon removed. I 


Vibrator Coil Cause of Missing. 

In rare Instances one of the coll sections will I 
become short circuited or insolation become punet- j 
ured on the secondary winding. Caused by using 
too many batteries or too high a voltage. In this | 
case the plug would not spark at all, therefore it 
would be advisable to try changing positions of the I 
coil units in the box, if the plug sparks O. K. on one | 
of the other coil 'sections, then you * may know that 
particular coil unit is defective. Therefore, in¬ 
spect the platinum points on the vibrators sad cos- I 
tact points, as they may be partially burned away 
or badly pitted if this coil section still fails to give 
a spark, then it is evident it is burnt out inside. 

In some instances a coil may have its Insulation 
short circuited for only half Its length of winding 
and would give a spark. If short circuit was near , 
the beginning of winding it would not spark at alL 
See page 416. See page 241, for testing for a I 
broken wire. ■ 

Testing the OoiL ! 

If multiple cylinder engine, test each unit separ¬ 
ately until It is determined which coil is missing 
After assuring yourself the missing is not caused 
by a spark plug, weak batteries, carburetion, or 
other causes, then test the coil itself, as explained 
above, see also pages 240 and 253 for testing the 
modern non-vibrator coil. 

On a non-vlhrator type coil, the spark could be 
tested up to a jump of % inch on a test—con- 1 
tinuonsly. I 

On a vibrator coil, % inch. Don't place the | 
distance further, as it is likely to damage coil. . 

To test a magneto—see index. To test for a I 
broken wire—see page 241. To tost for grounds 
and short circuits—see index. 


Causes of Spark Plug Missing. 

The cause of missing of explosion is usually due 
to the spark plug becoming fouled by carbon, soot 
depositing on the porcelain insulation, causing the 
plug to become short circuited. Generally caused 
by using a poor grade of oil or loose piston rings, 
which permits the oil to pass too freely into the 
head of cylinder. 

Other causes are sticking vibrator points as ex¬ 
plained on page 234. 

When starting to test, for the trouble, first 
determine if the missing occurs when running slow 
or when running fast, or if at all times. Also be 
sure the carburetlon is right. 


Testing for Miss with Vibrators. 

We will assume the engine is a four cylinder 
engine. 

To ascertain which, if any of the fonr pings are 
fouled with oil, short circuited with carbon or 
inoperative from some other cause, open the throttle 
two or three notches to speed up the engine; now 
hold your two fingers on two ontBide vibrators so 
that they cannot buss. The evenness of the ex¬ 
haust will show that the other two are working 
correctly and that the trouble is not there; or an 
uneven exhaust will indicate that it is between the 
two that aro free. 

If the two cylinders fire evenly change the 
fingers to the two inside vibrators and again listen 
to the exhanst. Having ascertained in which pair 
the trouble ia, hold down three fingers at a time 
until you find the one which does not fire. 

Cylinder Vo. 1, we will say, Is the front cylin¬ 
der, and they number in rotation 1, 2, 3, 4. No. 1 
coil unit would be the one farthest from the steer¬ 
ing post (left side drive) and they number 2, 8, 4 
to the left. 


Testing Spark Plug. 

Then remove the spark ping and tost the ping as 
shown in fig. 2. If the ping is O. K., then you 
know the trouble is not in the ping. If plug is 
not O. K., then clean it or put in a new one. 

Remember the plugs 4nay spark in the open air, 
but when under compresion fail to spark, because 
the resistance is greater. Therefore, be sure the 
points are not over V&2 of an inch apart at the ex¬ 
treme, for vibrator coil use. 


Other Causes of Missing. | 

When mis-flrlng occurs, particularly whoa run¬ 
ning at high speeds, it would be advisable to in¬ 
spect the commutator, as the fibre may be worn so 
that the roller touches only the high spots, or It 
may be that the roller has worn out of round and 
consequently forms imperfect contact on all of the 1 
points. 

At slow speeds, is apt to be the result of im¬ 
properly seated valves or air leak in the carburetor 
or cylinder head gaskets. , 

A weakness in compression may bo detected by 
lifting the starting crank slowly the length of its 
stroke for each cylinder in torn. In rare instances 
an exhaust valve may become warped by the engine 
becoming overheated, in which case the valve seat 
will have to be reground or the valve replaced. 

Other causes of missing explosion is due to weak 
batteries, therefore test the batteries as explained 
on page 241. 


GHAUT Ho. 112—Missing of Explosion; Source of the Causes, 

The eoil in this instance is the old style vibrator type and matter refers principally to the vibrator eoil eat 
commutator system. The spark ping test is applicable to all systems. 
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Spark Flag Causes of Missing. 

Tig. 1— Ml—ing may 1 m ctaMd by the spark 
arcing from shall to the terminal—cause: porcelain 
too short and gap too wide at points. 


Correct position of ping in valve cap. 
Correct position when set in water jacket. 
Ping reach too long, liable to strike valve. 


Tig. 2—Points may have come together—cause: 
screwing ping into cylinder bent points together. 

Fig. s —Wire may have become loose from ter¬ 
minal—cause: terminal not screwed down tight. 

Tig. 4—Shows method of adjusting the distance 
between the points of the plug; distance should be 
about %2 of an inch apart for coil ignition, and 
of an inch for magneto ignition .025 average. 

To test for a missing spark plug; first, open the 
relief cock to each cylinder, as shown in fig. 1. 
Jf a blase emits from the relief cock, then the 
cylinder is firing. It is advisable, however, to see 
that it fires regularly. The missing may not be 
in the plug at all and a slight movement of the 
adjusting needle valve one way or the other on 
carburetor will remedy the trouble. If the missing 
IS in the PLUG, then it mnst be cleaned. 

When an engine begins to misfire suddenly, from 
some unknown cause, the first thing a driver should 
do is to note whether the firing is regular; that is 
if it occurs in only one or two cylinders at regular 
Intervals in the cycle of explosions; or, if it is 
intermittent in one cylinder or in different cylinders. 

▲ regular misfire in one cylinder, that is, mis¬ 
firing that occurs once at the same time in every 
cycle of the engine, generally is caused by a de¬ 
fective plug or a disconnected high-tension wire. 
A defective valve also Is probable. 

Intermittent in one cylinder may be 

due to a defective plug or loose terminal connec¬ 
tion or a valve that is not closing tightly. 

Other causes of "*“<"g are: Worn timer, loose 
connection, platinum points on coil or magneto, 
spark plug, carburetor needle valve and auxiliary 
air valve need adjusting; air leak around intake; 
battery weak. 


*To Clean Spark Flog. 

If the trouble is suspected of being a short-cir¬ 
cuited plug, due to carbon, etc. (see page 238), 
unscrew it and clean it as follows: 

To clean a spark plug: Unscrew the bushing 
which holds the ocrcelain in the shell, remove the 
porcelain (or ml'a) and soak the shell and por¬ 
celain in kerosene or gasoline. Clean all carbon off 
each. Don’t scrape porcelain, as it will roughen 
the glazed part and cause it to retain carbon. If 
the oil is burnt on the porcelain, muriatic acid will 
remova it. In placing the porcelain back into the 
shell, be sure the copper washer is placed baek 
and bushing screwed tight to prevent leaking. 

If then impossible to get a spark at the plug, 
when laid on cylinder, then start inspection by test¬ 
ing batteries as shown on pages 241 and 450. 

If still unable to obtain a spark, then evamlne 
the connections on the battery; one of them may 
be loose or broken under the insulation or not sol¬ 
dered to the copper connection, as shown in fig. 6, 
page 241, or connection to storage battery terminal 
may be loose. 

If trouble is not now removed, then trace the 
wiring from the batteries to the coil. See if the 
wires have been allowed to get next to the hot ex¬ 
haust pipe; if this is the case, make a metal "T" 
joint, as shown in fig. 11, page 241. 

All ter minals should be carefully inspected and 
all connections soldered. 

The ground wire fig. 4, page 241, should be care¬ 
fully cleaned and scraped, as well as the part ef 
frame it is grounded with and drawn tight. 

If wires are suspected of being broken, see index 

"testing for open circuit." 


CXHABT NO. 118 _Testing for Missing Explosion. Spark Plug Troubles, cause and remedies. 


♦Alcohol is also suitable for cleaning plugs, see also page 592. 












































DYKE’S INSTRUCTION NUMBER EIGHTEEN. 


/*fC£ 

hSytt* 
Camp* Sls«f 





r\g. iom. 


Flf. 11.—Double 
spark ping — 
shell is not 
grounded. PI and 
P2 are separate 
porcelain insula¬ 
tors. 
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Fig. 4: Regular length of % in. 
Metric, and % in. spark plugs. 


Integral, or 

one piece 
spark ping, 
■ee also fl*t. 
10 * ! 0 M. 



Metric (18 m/m) Models 


Spark Plug Thread*. 


1 ! | i 

f Si 1 LL 

Yl 9 Pipe Thread Models 


REGULAR f^rprRtc or M M M M « SP«* plugs are mads 

b%»NCH 5AEJ--1S ' f? m w B M with three standard threads , 

*-*- W (3 O m —see fig. 4; the V4 lack 

Fl«. 4: Regular length of % in. V ^ ^ Ljj pipe thread; %-18 a A. K; i 

Metric, and % in. spark pings. g and Metric. 

' 111 

|5 | K | I I The y 2 Inch si*e Is a 

it • I t" “ ■? thread which is & standard i 

Integral, or -:!---I- 1 — % inch iron pipe size and 

spark** pbgt %"-18 (S. A. E. Models) has a slight taper. 

■J* f ls ? n S/ 1110 %“18 ®k®, is the size which was adopted as a 

1 standard by the Society of Automotive Engineers, fer 

. ( automobile use. It was formerly known as the A. L. 

cai£> Vf V f [ j A. M. The thread is % inch in diameter, with 18 

<—™ W rn UjAj'llo—T| threads to the inch (see page 703, 612 and 705). It is 

■ B gatJ used on a majority of the cars today. 

I ■ , ■ll | I, !l B I J* The metric size is smaller than either of the above, 

/j I fX Its diameter is 18 millimeters or approximately inch. 

§ 1 f This is the size thread for spark plugs, adopted by the 

“-“——^ r_ Li W ——’**■- * Society of Automotive Engineers for aeronautic wngtnes 

pig. 6: Nowioii* body to rai.e 11 is als0 u ? ed 011 tUe Packard, Pierce and many motor- 

the hexagon part of plug above the cycles. It is used extensively abroad. 

receas in the valve cap so a wrench a _. _ T „ 

ean be applied. Different kinds Spark Plug Lengths. 

iLX'lt Piu P |o. J4 The length of a spark plug depends upon toe ««toe 

r p g v p g / ^ ia used on. If the valve cap m engine is deeply ra- 

eessed as in fig. 5, a long body plug is required, otherwise the wrench could not reaeh the hex. 

If on the other hand, it was not recessed, a long thread would be required. If however, 
the valve cap plug should not screw well down into combustion chamber, then an ffTtenMn s 
is required, for it is important that the points of the plug extend to the combustion cham¬ 
ber. It is well to note here however, that the plug points must not extend too far — see fig 4, 
page 237. This extension, of course, depends upon the distance the plug is to extend- there¬ 
fore they are made with % inch and 1 inch extension. By referring to above illustrations ; 
this will be made clear. . 

Aeronautic Spark Plug. 

Fig. 12: Aeronautic type spark plug is designed for great heat and high compression. Type shewn I 
In fig. 12. It is of mica construction and very costly to construct. Note the heat radiation flange* on I 
shell. Also baffle plate, (O) which tends to keep oil from the mica, stem (P) made of brass or copper 
for heat conductivity, electrode (J) is swedged at bottom of stem (K). Core is mica washer sections (I) I 
with a mica insulation tube at (D). Usual gap opening is .015 ", j 


Fig. 6: Mote long body to raine 
the hexagon part of plug above the 
recess in the valve cap so a wrench 
ean be applied. Different kinds 
of valve caps require different 
lengths of plugs, (see page 237.) 


ART NO. USA—Spark Plug Sizes Explained. 

page 612 for 8. A. E. spark ping shell and page 705 for size taps to use for spark ping threads. Vtr 
*k ping wrenches, see pages 611 and 612. 
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!!!!!!! fZ*?*' 1 ? 
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WaRta Tractor. M'-lS “ 
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•Warner, E.. Vi" 

w!mu! &. T.’.!!!!!! M -18 ‘ 
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: 
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: ;; 
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Wilton.. E... 

Win ton . 

Wieton. E. 

Wirard . 

’Whitcomb. E . 
Woodt-Mobiilcic 
Vale. M C.. .. 
York. E. . 


T... 


IEO on iHOULDCRj® 

.. io metric but not of 
Sincx AS THE thread 
TAPER* 


Different kinds of plug points or 
gaps. 


screwed into cylinder—but 
has a taper thread and no shoulder on shell. 
717, 288. 


Abbreviations: M. T.— 
Motor Truck; 8. — En¬ 
gine; M. E.—Marine En¬ 
gine; Ae. — Aeroplane; 
Ck E.—Gas Engine; M. 
0. —Motorcycle; F. B. 
— Fire Engine; T. — 
Tractor. 

Names of cars, etc., 
designed with an aster¬ 
isk indicates that the 
factory uses * ‘Red 
Head** plugs. 


Gaskets for Spark Plugs. 

Copper, asbestos lined gaskets are 
used between bnshing and shell on all 
"separable** plugs, to make it leak 
proof. They are also used on % and 
Metric plugs between shell and where 
not on the % inch plug, because it 
See also pages 607, 


CHART NO. 113B—Spark Plug Slses used on le-icLng Automobiles, Trucks, Motor Boats, Mi 
cycles and Stationary and Aeronautic Engines. 
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DYKE’S INSTRUCTION NUMBER EIGHTEEN. 


I 

Wire Used for Winding a ColL 1 

Copper wire which if Insulated is used for the winding of the primary and secondary winding of a ! 
high tension coil or magneto armature. 

The primary winding of a coll or (magneto armature) is called primary winding wire. It is unnaSy 
a single strand of soft copper wire insulated with cotton. This wire is not so long as the secondary wind¬ 
ing. The current which passes through this wire is of a low voltage, usually about 6 volts. The quantity ' 
or amperes of current is greater than in the secondary winding. I 

The secondary winding wire of a coll or (magneto armature) is wrapped over the primary winding j 
and it is considerably greater in length. The insulation is silk thread, wrapped around a very fine single 
strand of flexible copper wire. The pressure or voltage passing through this wire is in the thousands, | 
hence the reason it must be well insulated, but the amperage is practically none at all. 

The winding of a Bosch DU4 magneto armature, usually consists of 8 layers of No. 20 or 22 wire, t 
to form the primary winding, and 70 to 72 layers of No. 86 silk covered wire to form the secondary winding. 

The reader, however, never has occasion to bother with wire on a coil or magneto armature as this , 
Is the work of a specialist. 


Wire for Ignition Systems. 

There are three kinds of Ignition wire for general, use with the ignition system of a car. aa follows: 

Primary wire or cable r made of several strands of flat 
wire in order to make it flexible and insulated, oil sad i 
moisture proof. This wire is usually used between the 
battery, coil and timer, for all low tension work, and most i 
be of sufficient size to carry the current, usually No. 14 1 
sise is used, (see pages 425 and 427.) 

Secondary cable is also made flexible and the insula¬ 
tion on wire is much heavier. This is used to conduct the , 
high tension current from the coil or magneto to the spark 
plugs. It should be kept free from all metals aa much as , 
possible. Size is usually No. 16 or 14. I 

Duplex cable is also flexible, but generally two to fear 
wires are run in one insulation, of course, being separated i 
from each other by insulations. This wire is generally used 
for lighting and low tension work. 1 

Metal conduit; a good plan in wiring a car, where several wires are run together, is to enclose the wi r es i 

in a metal conduit, (see page 426.) | 

The wires running from coil, or magneto distributor to the spark plug, carry the high tension cinuil | 
and are called secondary cables. This current escapes more readily than from the wires running from the ! 
battery to timer or coil. The wires running to the plugs are called "high tension" wires because the tm- 
sion or voltage is high and current will often jump through the insulation and short circuit (cutting out 
spark plug) to any metal part it happens to be in contact with. For this reason these wires mast be care¬ 
fully protected and very heavily insulated, (see flg. 12, page 241.) j 

The primary wires running from the battery to timer or to Interrupter on magneto are "low tension.** 
They do not need have as heavy insulation, but the connections should be well made and clean because the I 
pressure is so low the current will not pass over dirty or loose connections, and a loss of current wifl 
result. All connections ought to be soldered and taped, (see figs. 6, 7 and 8, page 241.) 

The wires running from the battery or timer to the coil connection, are called the primary lead 
wires, also battery wires. These wires must be of sufficient size to carry the current, as they carry a 
greater quantity of current than the secondary wires. The secondary wires have much heavier Insolation 
and from outside appearances would seem to be larger, but are comparatively small, as they carry a high 
voltage but low amperage. 

-Don’t use lamp cord wire under any circumstances as it will give unsatisfactory results and oanse 
missing if damp, (see page 425.) 

The size of primary wire generally used is No. 14 or 16 primary cable—the secondary wire Is 
simply called "secondary cable." Both must be waterproof and heat proof—(see pages 425 and 427.) 

Wire for the elctric horn is usually No. 18—(see page 425.) 



Making Connections. 

A grounded connection should be filed or scraped bright before attaching the wire, and the connec¬ 
tion when made should be covered with vaseline or paraffine. A copper washer should be placed under 
the head of the screw, to hold the wire firmly in position—and tightly drawn up. 

All connections must be bright and clean, for a dirty connection will add resistance. Binding posts, 
screws, and the ends of the wire must be scraped clean before the wire is attached—this is very import¬ 
ant on low voltage wiring. 

All connections should be made as firm as possible, using pliers to tighten the binding screws. Us 
beet connections are made by brass or lead terminals soldered to the ends of the wires. When a con¬ 
nection has been screwed tight, the binding screw and terminal should be covered with vaseline or paraf¬ 
fine, to prevent corrosion, and the whole wrapped with electric tape. This tape comes in rolls, sad is 
sticky, so that it will stay in position when once applied. In addition to being an insulator, it prevents 
moisture from getting at the terminal. ^ 

Short lengths of wire provided with terminals are sold for making* dry battery connections, and it is 
well to use them when dry batteries are used. 

Vo possible cause for leakage of the current should be allowed; a single strand of fine wire projecting 
from a flexible cable will be enongh to cause a short circuit if it should touch metal, (see pages 427 and 422.) 


CHART NO. 114—•'Winding of an Ignition OolL Ignition Wire—(also see pages 425, 426 and 427), 
Making Connections. 
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*• !| Fig i: The missing of ignition may bo duo to weak batteries. 

1 1+ ' To test, use an amperemeter. Test eacb cell separately by placing 

one terminal of meter on terminal of battery and other terminal of 
meter on other terminal of battery. Each battery ought to show 
15 to 25 amperes. If less than 8 amperes, replace. If one should 
test say 10 amperes and another 20, then the good battery will be 
brought to the level of the poor battery. Remove it and put in a 
fresh one. To test a storage battery (see index). 

Fig. 2: An emergency dry cell connection. Usually two sets 
of dry cells are provided when ignition is on dry cells alone. Only 
one set at a time are used, however. If both sets should run down, 
a multiple connection of the two sets can be made, as shown above, 
which will suffice to reach home. Dry cells are now seldom used. 

Fig. 3: Quite often missing will occur from loose connections 
at the battery terminals. 8ee that they are always tight. On some 
-gggF connections, the wire may be broke or not soldered well to the terminal. A good 
connector called the "Bull Dog" is shown. 

***«. 4: On many cars one wire is grounded—therefore it is essential that 
g =2 ((j*\ ]] the grounded connection is well cleaned and then tightened. A copper terminal 

\ Fccif \z_JJ should be soldiered to the wire—the surface cleaned and drawn tight with a bolt. 

ic*w Fig. 5: When metal battery boxes are used and dry cells placed in them, 

(f dampness will short circuit the batteries through the paper insulation around 

| them. Therefore keep box dry inside, also watch wire where it passes through 

the metal box. 

Figs. 6, 7 and 8 show how to make a connection with wire and terminal; solder and tape all con¬ 
nections. 

Figs. 9 and 10: Missing is sometimes caused by loose connections on the switch terminals and bat¬ 
tery terminals. See that terminals are clean and tight. 

Fig. 11: A good method of protecting primary (battery) wires when they run along the frame. 

Fig. 12: Neat method of distributing the secondary or high tension cables on multi-cylinder 
engines. A divided fibre tube supported on brackets encloses the cables and allows of easy imspec- 
tion or renewal if required. Any number of leads or cables can be distributed. The eight plug leads 
required for dual ignition on a four-cylinder engine can be accommodated in a two-inch fibre tube. 

Fig. 13: Causes of commutator troubles; (1) worn metal segments (C), often cause missing by not 
making good contact. (2) The commutator may also become loose on the shaft and get out of time. 
(8) spring weak. (4) Loose connections at binding posts. (5) Depressions worn on face of fibre 
on which the roller (R) travels resulting in the roller jumping (at high speeds) almost over the metal 

contacts (C). The roller (R) and pin; of the revolving part, will also probably be found in bad shape. 

To repair; turn down in a lathe or replace with a new one. (6) Grease will coat the insulated fibre 
ring (0) from one segment to another and cause a short circuit. Too much oil will also cause a glased 
surface over the segments (B) and good contact cannot be made between roller (R) and these metal seg¬ 
ments. 

Tig. 14: How to test for a broken wire: If no external break can be found, yet no spark occurs, 

then test the wires as follows: Secure a small 6 volt lamp, connect one wire to battery terminal and 

carry the other wire from lamp to the timer (placing timer segment on contact), if the wiring is perfect 
the circuit will be completed and light lamp, indicating that the wires are O. K. A small electric bell 
is also suitable for testing lengths of wire in the same manner. 

To test for "grounds" or short circuits, see charts 188-1 and 191. 


To "test a coil’ 


see charts 112 and 191 and 192. Also pages 235, 249 and 253. 


Fig. 15: Mark your wires: Many car owners in looking for trouble in their ignition or lighting 
systems have disconnected several wires without realizing that they have work before them when it comes 
to replacing the wires upon their proper connections. This difficulty can be overcome by the use of a 
box of cheap water colors with which the insulation can be colored every six inches or so of the length, 
or tagged as shown in illustration. This makes tracing of the wires a simple matter. 


OHABT NO. 115—Causes of Ignition Troubles. Testing Dry Cells. Method of Protecting the Sec¬ 
ondary Cables. 
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INSTRUCTION No. 19. 

MODERN BATTERY AND COIL IGNITION SYSTEMS; 
The Timer and Interrupter. Automatic Advance of Spark. 
Delco, Atwater-Kent, Remy, Connecticut, Bosch, Westing- 
house Battery and Coil Ignition Systems. Storage Battery 
and Direct Current Generators as a Source of Electric 
Supply. Depolarizing Switch. 


+The Modern Battery 



Fig. 1. A distributor and commutator 
using a “vibrator’ * type of coil as ex¬ 
plained in chart 110, flg. 1A. This sys¬ 
tem is seldom used. Note the contacts 
are made by a roller. When contacts 
are closed, the vibrator on coil operates. 

Fig. 2. A similar system but coil is 
“non-vibrating." When brush or blade 
(B) is raised by cam (T) contact is 
made with screw (0) current flows only 
when contact is thus made. 

Fig. a. This system is similar to flg. 
2, except a “cam” of the type used on 
magnetos is employed, which “inter¬ 
rupts" the flow of current as the nose 
of cam raises the arm (B), see also flg. 7, 
page 878. 


and Ooil Ignition System. 

In order to understand the modern “coil 
and battery" ignition systems, it was nec¬ 
essary that the reader study the elementary 
principles of the early forms or methods 
used for ignition; such as the low tension 
coil, the high tension coil, the commnt&tor 
and the timer, also the distributor—all of 
which have been explained. It ought not 
therefore be difficult for the reader to grasp 
the principle and difference of the various 
makes now to be treated. 

The battery and coil system is the modem 
Ignition system, such as the Atwater-Kent, 
Delco, Remy and others which are supplied 
with a "constant" source of electric sup¬ 
ply when used in connection with a storage 
battery which is kept charged by the gen¬ 
erator. 

Constant source of supply means that the igni¬ 
tion apparatus is not dependent upon a mechanical 
method of generating current, as in a magneto, 
but the supply of electric current is constantly 
supplied by a storage battery and the storage bat¬ 
tery is constantly supplied with current (direct) 
by a generator. 

The Timer and Distributor. 

Are combined In one unit similar to the 
description of the distributor system shown 
in fig. 1A, page 230, but the principle is 
different. 

For instance; a commutator of the "rol¬ 
ler" or "wiping" contact Is employed in 
fig. 1A, page 230 and fig. 1, this page, 
which makes a wiping contact, thereby clos¬ 
ing the primary circuit on the coil, at 
which time the vibrator spring (V) fig. 1, 
(this page), is set in motion, thereby caus¬ 
ing the current to be intensified in the 
secondary winding (SW) of coil. At the 
same time brush (B) on distributor makes 
contact with one of the spark plugs ia 
cylinder. By tracing circuit this will be 
made clear. Note all of the commutator 
segments are connected together. The spark 
produced is not a "single" spark, but a 
"succession" of sparks. This vibration of 
vibrator (V) is of course, classed as the 
** electrically f * operated vibrator. 

This system with a commutator and vi¬ 
brator coll is seldom used, but instead a 
system producing a "single" spark, which 
is made "mechanically" and without the 
use of a vibrator coil, is the modern method. 


tThts subject is also treated under “Electric Generators”—instructions 27 and 28. se# fr&re 877 
and 878. , 
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tOpen and Closed Circuit Principle. 


, The modern “Interrupter,” or “contact 
breaker,” as it is called, is very similar to 
the interrupter on the magneto and is di¬ 
vided into two types; the open circuit and 
the closed circuit. The open circuit contact 
maker is termed a timer and closed circuit 
breaker an interrupter. 

Open circuit principle; when the arm (B), 
fig. 2, is raised, contact is made with tung¬ 
sten point screw (C). This closes the pri¬ 
mary circuit but it is immediately opened 
again; termed the open circuit principle, 
because the points of timer are normally 
open, (see also pages 378 and 377.) 

Closed circuit principle; the circuit of 
the primary winding on coil is normally 
closed, because points of timer are closed 
until raised by cam (D). When the “cam” 
or “interrupter” (D), fig. 3, raises the 
arm (B), circuit is momentarily opened but 
immediately closed again. This is termed 
the dosed circuit principle. This action 
“interrupts” the flow of current suddenly, 
hence the term “ interrupter . 9 * 

Both of these systems have a “mechani¬ 
cal” method of making and breaking the 
primary circuit, Instead of the “electrical” 
method, such as the vibrator in fig. 1. There¬ 
fore a coil, without a vibrator is used and 
a “single” spark is given at the plug gap/ 
instead of a succession. 

Both systems accomplish the same pur¬ 
pose, which is to interrupt the flow of cur¬ 
rent in the primary winding in order to 
cause induced current of a high tension, 
to flow in the secondary winding as pre- 
• viously explained. 

In the open circuit principle the contact 
must first be made before the current flow 
can be Interrupted. This is made very rap¬ 
idly; quicker than the eye can detect. 

In the closed circuit principle the current 
is flowing in the primary and Is broken or 
interrupted by the contact points being sep¬ 
arated by the cam; which runs at cam shaft 
speed. 

♦The closed circuit advocates, claim the 
advantage of perfect synchronism, due to 
elimination of “electrical and mechanical 
lag,” whereas the open circuit advocates 
claim economy. 

Electrical lag means that the spark will 
not occur in the same position as regards 
piston travel at any and all engine speeds— 
with a very high speed the piBton might 
have a tendency to travel past the point of 
ignition, before the open circuit timer made 
and opened contact, whereas with the closed 
circuit principle it merely opens the con¬ 
tact. 

While all lag factors deal with time in seconds 
their effect on the engine is the number of degrees 
they cause the spark to occur off the point it 
should. Consequently a time factor of only one 
thousandth of a second means only a variation of 
8 degrees at 500 r. p. m. yet means 12 degrees at 
2000 r. p. m. and 18 degrees at 8000 r. p. m. 

Mechanical lag is eliminated much for 
the same reason and the quicker sim¬ 
pler the mechanism to “Interrupt” the flow 


For this reason some of the systems have 
been additionally improved by adding an 
automatic advance of the spark, by a gov¬ 
ernor arrangement placed in the timer hous¬ 
ing, so that the timer shaft will advance 
with the speed of the engine and cause the 
spark to occur as near the proper time as 
possible (see page 248). 

Referring to fig. 3, we have then a simpli¬ 
fied explanation of the closed circuit prin¬ 
ciple—note the interrupter (D). At a 
glance it appears to resemble a magneto in¬ 
terrupter or contact breaker arrangement— 
and it is very similar, although a magneto 
with its “alternating” current is not used 
to supply the electric current, but instead, 
a “direct” current is used from the bat¬ 
tery or generator. Yet the same princi¬ 
ple; interruption of the current flowing 
through the primary winding of the coil is 
exactly the same. 

For instance, the flow of current through the 
primary winding of the coil is suddenly “inter- 
rupted f> by the cam raising the interrupter arm 
(B) from contact (A); the current is diverted to 
the condenser (not shown here, but a part of all 
colls, see fig. 5, page 228), which is charged to a 
fairly high voltage and which then discharges 
through the inductance of the primary winding of 
the coil; causing a rapid demagnetization of the 
iron core of the coil that “induces” the high ten¬ 
sion current in the secondary winding. This high 
tension current is then carried from the “distribu¬ 
tor” to the spark plugs. 

The system In flg. 8, has been improved by hav¬ 
ing a cam (D) with the same number of projec¬ 
tions as there are cylinders, thereby rendering it 
possible to operate the distributor and timer or 
interrupter.” at the same speed—see pages 878 

The open circuit principle is carried out 
in fig. 2, and is very much the same, al¬ 
though the circuit is open at all times ex¬ 
cept when arm (B) is in contact with (T); 
the spark really occurs just at the instant 
that timer contacts are opened, that is, the 
contact is “made” and “opened” sudden¬ 
ly, meaning practically the same principle 
as in fig. 3, where the circuit is closed un¬ 
til opened by interrupter. There are as 
many notches (N) in cam (T) as there are 
cylinders. 

Therefore summing up the three distribu¬ 
tor systems of the battery and coll system 
of ignition, we find that the old style ** com¬ 
mutator” system, fig. 1, has been discarded 
and the two systems in general use are as 
per figs. 2 and 3. 

The disadvantage of the “commutator” 
system, fig. 1, is due to the use of a “vi¬ 
brator” coil. See instruction 20. 

Another point to bear in mind is that 
both the open and closed circuit systems 
give a “single” spark, whereas the commu¬ 
tator type gives a “succession” of sparks, 
(see page 250.) « 

Another point to remember is that a coil 
without a vibrator is used on both the 
“open” and “closed” circuit battery and* 
coil system of ignition—for previously 
stated a vibrator is not necessary with a 
single spark timer. 


in the primary the quicker the spark. 

*Alao claim that it allows the maximum amount of contact which permits complete saturation of coil 
at high engine speeds—and no doubt is a reasonable claim. 

tPagp 248 shows a typical open circuit type. Page 254 a popular closed circuit type system. See also 
pages 378 and 377. 
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TIE 4 The true magneto type interrupter and distributor for a 
,ix cylinder engine as used with a “coil and battery »* system. Note 
tl H E “interrupter’' and “distributor" operate at different speeds. 
The interrupter cam is revolved from cam shaft but turns 1% 
turns to one of crank shaft. The distributor brush (R) makes one 
revolution to two of the crank shaft. This is due to using a two 
point cam (D). 
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Magneto Type 
“Interrupter.” 

A first glance at the interrupter 
and distributor, in fig. 4, tht 
reader would think this a “mag¬ 
neto’ ’ system and that is the 
H f-o reason for illustrating it. Ts 

T show the reader the simplicity. ! 

and to bring out the difference 
between the “timer** fig. 2. asd , 
“interrupter" system, fig. A 1 
page 242. 

The contact breaker or inter | 
rupter and distributor in fig. 4 
are of the magneto type and 
the principle is practically the 
same as a magneto, but the 
*'source*' of electric supply ii 
utor for a not “alternating” current takes 

stem. Note from a magneto, but is “dirset” 

int speeds. ourfent, taken from a storage bat* 

SSS» Ine ter y or “ direct ” current geaer- 

sing a two ator if engine is running fast; 

enough for the generator to over 
come the battery voltage and re¬ 
charge the battery as explained ; 
on page 837. 

Here we have practically the same principle 
as explained in fig. 2, page 242, except that the 
circuit is closed until “interrupted'* by move¬ 
ment of cam. Whereas in fig. 2, the circuit ii 
open until contact points are closed by move¬ 
ment of timer. 

If we applied this system, fig. 4, this page, ts 
a four cylinder engine, it would be necoeessry 
to revolve the cam (D) twice, during two revo¬ 
lutions of the crank shaft, or the same speed I 
as crank shaft, therefore the distributor would I 
revolve but onoe, during two. revolutions sf 
the crank shaft. Therefore the distributor | 
would be geared to run half the speed of cum. 
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W OAT* A 


-TiffiNG MARR C’ 


Pig. 5. Note the gear G, is driven by gear G1 
whieh in turn is driven by a spiral worm gear from 
the w™ gear. This system was used on the Studebaker 
six. See above, for relative apeed of interrupter cam 
(D) and distributor brush (R). (otadebaker generator 
I 0 now driven in a vertical position and ignition is as 

._ -____ per pages 868, 

I c oNTtutAmn * I 860, 872. 


SPAOXAfT vwr* YvtS eft an ft shaft ° We could nse a cam with four lobes instead 1 

A of two, and run it st one half the speed of tbs ' 

connects wtTHSFKQCMT TiMi/vo mark c * crank * haft » causin & it to revolve once to tvs, 

ON start //vo motor. revolutions of the crank shaft; then the die- | 

— — TT trihutor and timer would revolve at the same 

»• Not. the I»8 U toiTmby « .peed, or K the .peed of the crank .haft. > 

which in turn is driven by a spiral worm gear irom 

tile cam gear. This system was used om the Studebaker Six cylinder engine: Because there are but; 

$> Jrr ! obM .° r K project r 8 on tbe t < d l£, 

is now driven in a vertical position and ignition is as fig. 4, and because it opens the circuit twice 

_ __ ..—- per pages 868, daring one revolution of the cam, we would 

oNT*ttAwn *_^ 360, 872. obtain two sparks during one revolution. If s 

M six oylinder engine, we would need 8 sparks to one revolution sf 1 

' j' /S’ ! % crank shaft, or six sparks to two revolutions, therefore the cam (D) 

J] v. wi :J\ must turn 1% times to one turn of crank shaft. | 

Y \\\ The distributor, however, would turn but 1 time to two revolutions 

\ * j i; of crank shaft, therefore it would hove to be geared to run h the 

\ ill - speed of the crank shaft, or 1 turn to two of the crank, because tie I 

V' 6 y , T*r -i fJJ brush (R) must make 6 contacts during its one revolution. 

5 A simpler plan, would be, to use a cam with 6 projections or lobes I 

instead of two projections, as shown in fig. 2, page 246. *niis com 1 

—-— with 6 projections would then run at the same speed, as distributer. | 

Pig. 6. The Delco timer: The con- or one revolution to two of the crank shaft. The Studebaker and I 
U 0 op*n, nt iitn* ck^ed bTc.T "how* *•». • W**™ »t thl. principle, which i. the Re»y ./.tern, : 

ever, the “single' 9 spark occurs at The j b a single “non-vibrating” type mounted above the start- j 
^nc“‘^ t m.k^ er con“S Ct *B5h «»* »>otor nnd to the cide of the di.tribntor .nd interrupts j 

principles are eimllal\ (aee page 878.) primary current is taken from the battery or generator, through i* i 

On a four cylinder engine this cam tempter, thence primary winding of coil. It is there transformed 

would turn at cam shaft speed. If [ nio a high pressure and carried from secondary winding to the dis- 
*3d To re b ° t crlnh 0b «h.ftVe‘d.' «ribntor w (R) .°d dl.trihnted to the ep.rk piny. 

OHAET NO. 116 —The “Magneto type” Interrujtor as applied to the Modern Battery and W 
System of Ignition. (See page 388—later Studebaker system.) 
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Parts of a Modem Battery and Coil System of Ignition. 


The parts of this system consist of distributor, timer, ignition coil, spark plugs and 
storage battery—see page 254 for Connecticut, page 248 Atwater-Kent, Delco 127 and 877. 

The distributor is usually placed over the timer. First note the timer shaft which is 
driven from the cam shaft, usually by a spiral tooth gear and at cam shaft speed. 

ttThe distributor brash is 
connected to upper end of 
this shaft and as it revolves, 
makes contact with the 
spark plug terminals. Note 
center contact on rear of 
brush, connecting with sec¬ 
ondary of coil. 

Timer. 

The timer is that pert, 
containing the lnterrapter 
or contact breaker mechan¬ 
ism and is placed below 
the distributor. This mech¬ 
anism simply makes and 
then breaks the flow of 
current in the primary cir¬ 
cuit if open circuit type, 
and opens the circuit if 
closed circuit type. 

The OoiL 

Is the same principle of 
high tension coil as de¬ 
scribed on page 220, but 
without a vibrator. The 
condenser can be built in or 
on the coil but is now often 
placed on the timer (see 
page 252). The coil can be 
mounted on the dash, sep¬ 
arate from the distributor 

TiC. 5.—Diagram illustrating principle upon which the battery and » n <l timer or adjacent to it. 
eofi ignition system operates. (Motor Age.) 
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flf. 4, Delco coll: show ids winding connections, con 
denser and resistance unit This coil is similar to any other 
high tension coil, without vibrator. 


The Condenser. 

For description of condenser and its purpose 
see pages 228 and 878. 

tTo test condenser: remove the distributor head 
and have some one crank engine. Notice if there 
is excessive sparking at the timer contact points, if 
so, then condenser is defective. A slight spark, how¬ 
ever, will sometimes be observed with a good con¬ 
denser. 

Testing coil: The mechanic should familiarise 
himself with the spark obtained by removing tbo 
wire from one of the pings and letting the spark 

J jump to the engine (not to the spark ping). A 
rood coil will produce a spark with a maximum 
ump of at least % inch, provided other conditions 
are normal. See pages 236, 253, 418 and 878. 

♦♦Timer Contacts. 



Figs. 1 a a. — Sec¬ 
tional view of Delco 
distributor and top 
view of timer. Timer 
is mounted under dis¬ 
tributor. (see pages 
277, 878 and 182.) 


The timer contacts are called “interrupters” or “contact break¬ 
ers” and are shown on pages 252 and 3f8. 

The timer contacts shown at D and C (fig. 1), are two of the most 
important points. They are tungsten metal, which is extremely hard 
and requires a very high temperature to melt. Under normal condi¬ 
tions they wear or burn very slightly and will very seldom require 
attention but in the event of abnormal voltage, such as would be ob¬ 
tained by running with the battery removed (on generator alone); or 
with the ignition Resistance unit shorted out, or with a defective 
t condenser, these contacts burn very rapidly and in a short time will 
cause missing. 

These contacts should be so adjusted that when the fibre block B is 
on top of one of the lobes of the cam the contacts are opened the 
thickness of the gauge on the distributor wrench (usually furnished 
by the manufacturer.)—see page 378. 

Adjust contacts by turning contact screw C and lock with nut N. 
The contacts should be dressed with fine emery cloth so that they meet 
squarely across the entire face—see pages 377 and 378. 

Beferring to lllnstration fig. 2; — shaft which drives distributor 
rotor and timer. High tension current passes from distributor brush 
(K) to spark plug terminals. A—is screw for setting position of 
timer cam. Note automatic weights or governor which automatically 
advances the spark. Fig. 5 is not automatic. See page 377. 


♦♦To set the timer, see pages 2S0 to 258, 816, 817, 890. 877, 878. *8ee foot note bottom page 248, 
and page 878. fA defective condenser snch as will cause contact trouble will cause serious missing 
of the ignition. See also page 808, testing a magneto condenser. 

ft The “gap-type* 9 distributor is one used in fig. 5, because contact is not actually made, but jumps to 
spark plug terminals, (see also page 247.) ▲ brush type distributor is as per “Bossh,** page 252. 
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fTo set the timer (Delco system on Boick 
as an example): (1) Fully retard spark 
lever on steering wheel; (2) Turn engine 
crank until 7° mark on fly wheel is in line 
with center mark, which is approximately 
1 ** from dead center mark on the fly 
wheel with No. 1 piston on the firing 
stroke. (3) Loosen screw in center of 
timing mechanism and locate the proper 
lobe of the cam. Turn until the rotor brush 
comes under the position which No. 1 high 
tension terminal on the distributor head oc¬ 
cupies when the head is properly located. 
(4) Set this lobe of the cam so that when 
the back lash of the distributor gears is 
rocked forward the contacts will be open 
and when the back lash is rocked backward 
the contacts will just close. Tighten the 
screw and replace rotor and head. The 
shaft runs clockwise when viewed from 
the top, and the spark occurs when the con¬ 
tacts open. Firing order of “six” is 1, 4, 
2, 6, 3, 5; of the “four,” 1, 3, 4, 2. 

The Electric Current. 

For Delco, or in fact all of the ignition 
systems treated in this instruction, is taken 
from a storage battery to start on and to 
run on, under a speed of approximately 10 
miles per hour. Over this speed the current 
is taken from the generator which will be 
explained further on, under the heading 
‘ 1 Generators. * ’ 


♦♦Resistance Units. 

Purpose: With the closed circuit type of 
ignition some method must be employed to 
disconnect the primary circuit, if the switch 
is left “on” accidentally when engine is 
not running. Resistance units and Thermo¬ 
stats are therefore employed. 

The resistance unit used with the Deles 
system is for the purpose of obtaining a 
more uniform current, (see page 378.) 

It consists of a coil of resistance wire wound m 
a porcelain spool as shown in fig. 4, page 34A. 
Under ordinary conditions it remaina cool aad 
offers little resistance to the passage of carrest 
If for any reason the ignition circuit remains 
closed for any considerable length of time, Ike 
current passing through the coll heats the re¬ 
sistance wire, increasing its resistance to a point 
where very little current passes and insuring 
against a waste of current from the battery aad 
damage to the ignition coil and timer contacts. 
This unit also insures uniform current through 
the primary winding. 

Electric Thermostat. 

A thermostatic circuit breaking mechan¬ 
ism is used on the Connecticut closed circuit 
system, as explained on page 254. It is 
used to open the circuit in case the ignition 
switch is left “on.” 

The Depolarizer Switch. 

Also called a pole-changing switch—used 
in connection with ignition systems is pro¬ 
vided for the purpose of keeping the contact 
points on timer clean. See page 248. 


♦Automatic and Hand Advance of Spark. 


The advantage of the automatic spark ad¬ 
vance as explained on page 249 is this: With 
the spark lever set at the running position on 
the steering wheel, the * * automatic 1 * feature 
gives the proper spark for all speeds except¬ 
ing a wide open throttle at low speeds, at 
which time the spark lever should be slightly 
retarded. When the ignition is too far ad¬ 
vanced it causes loss of power and a knock¬ 
ing sound within the engine. With too late 
a spark there is a loss of power (which is 
usually not noticed excepting by an experi¬ 
enced driver or one very familiar with the 
car), and heating of the epgine and exces¬ 


sive consumption of fuel is the result, (use 
page 377.) 

The reason for using the manual (hand) 
control of spark is as follows: a heavy 
charge burns quicker than a light one. For 
this reason the engine will stand more ad¬ 
vance with a half open throttle than with 
a wide open throttle. The hand control is 
therefore, installed in order to secure the 
proper timing of the ignition due to them 
variations and to retard the spark for 
“starting,” “idling” and “carburetor ad¬ 
justing. * 1 


Driving the Timer and Distributor. 



Fig. 8. Modern method of driving the timer 
and distributor through the generator shaft. 


The modem method of driving the timer 
and distributor, is from the generator shaft 
as shown in illustration, fig. 8. 

The generator shaft is driven, usually 
by a silent chain, encased. The timer shaft 
is driven from generator shaft by a spiral 
gear and geared so it will run distributor 
and timer at one half the speed of crank 
shaft. 

Quite often the timer and distributor 
shaft is operated from the cam shaft—in 
fact there are various methods employed, 
but in most every instance it runs at cam 
shaft speed (% the speed of crank shaft), 
made possible by placing lobes on earn, to 
give the desired number of sparks (sot 
fig. 6, page 244, and pages 377 and 378.) 


**It is a very easy matter to check the resistance unit (explained further on), by observing ft* 
heating when the ignition button is out and the contacts in the distributor are closed. If it is 
shorted out it will not heat up, and will cause missing at low speeds. See page 378. 
tSee pages 390, 250 to 253, 316, 317, and 182 for Delco. 

•The richness of the mixture and the amount of compression are also factors in the time required fsr 
combustion to be complete—see pages 377 and 807. 
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The timer and distributor shaft runs in 
one given direction—clockwise or counter¬ 
clockwise. 

The usual adjustments are to dress the 
contact points on timer with a fine file when 
they are badly pitted so that the maximum 
opening is given. Spark plug gaps must 
also be adjusted correctly. See chart 228, 
also page 260. 



Usual i;i E ares 
to oil. At- 
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The Atwater-Kent Open Circuit Ignition System. 


As an example of a modem battery and 
coil system of ignition, we will use the 
Atwater-Kent Type K-3 system. (This con¬ 
cern also manufactures a closed circuit 
system, called the model “CC” as illus¬ 
trated in chart 118). 

Parts: Consist of: (1) the distributor 
and timer, which is called the unisparker; 

(2) the coil, which consists of a simple 
primary and secondary winding, sealed in 
an insulated cylinder. Tho coil has no vi¬ 
brators, contacts, or other moving parts; 

(3) the depolarizer switch; (4) the auto¬ 
matic spark advance. 

Description: The timer and distributor 
are mounted in one housing; aB shown in 
fig. 2, chart 117. 



Figures 1, 2, 3 and 4 show the operation of the 
Atwater-Kent open circuit contact maker clearly. 
It will be noted that in fig. 1 the lifter is being 
pulled forward by the notched shaft. When pulled 
forward as far as the shaft will carry it (fig. 2), 
the lifter is suddenly pulled back by the recoil of 
the lifter spring. In returning, it strikes against 
the latch, throwing this against the contact spring 
and closing the contact for a very brief instant— 
far too quickly for the eye to follow the move¬ 
ment (fig. 8).** 

Fig. 4. Shows the lifter ready to be pulled 
forward by the next notch. 

Vote that the circuit is closed only during the 
instant of the spark. No matter how slow or how 
fast the shaft is turning, the lifter spring will 
always pull the lifter back at exactly the same 
speed, so that the operation of the contact, and 
therefore the spark, will always be the same, no 
matter how slow or how fast engine runs. 


The timer shaft is a % inch shaft, driven 
to s'*** usually from the 

cam shaft and at 
cam shaft speed, 
ro It is also quite 

often mounted on 
the generator and 
driven from it, as 
shown in fig. 8, 
page 246. It should 
always be installed 
in the coolest location available. 

The function of the Atwater-Kent system, 
is to produce a single hot spark for each 
power-impulse of the engine, accurately 
timed to occur at the right instant to pro¬ 
duce the greatest possible power and effi¬ 
ciency. 

The contact points in the timer do not 
touch except during the brief instant of 
the .spark. The ignition circuit is there¬ 
fore normally open and no current flows, 
even though the ignition switch be left 
“closed.” This dispenses with the use of 
a resistance unit, or thermostat as described 
on page 24fl. 

The operation of the contact maker: This 
consists of a pair of contact points, nor¬ 
mally open, which are connected in series 
with a battery and the primary circuit of a 
simple non-vibrating induction coil. 

A hardened steel latch, against which the 
trigger strikes on its recoil and which in 
turn operates the contact points, completes 
the device, see figures 1, 2, 3 and 4. 

The distributor forms the upper part of 
the Unisparker, the high tension current 
from the coil is conveyed by the rotating 
distributor block arm (DA), fig. 2, chart 
117, thence to the spark plugs in their 
proper order of firing. 

Gap type distributor; the distributor arm 
(DA) does not touch contacts above it, but 
passes close to them (gap %oth in.) as it re¬ 
volves and the high tension current jumps 
the slight gap, therefore termed a “ gap- 
type * 1 distributor. 

The direction of rotation is usually clock¬ 
wise, when looking d6wn upon the device. 



*Do not think that these parts do not work properly because you cannot see their movement. The 
contact maker of the Unisparker may be likened to a watch, which, because of the small size and ex¬ 
treme accuracy and hardness of its moving parts, is subject to very little wear. Don't change tension 
of spring or alter parts. 

••There are as many notches (fig. 1) in the timer shaft, as there are cylinders, and as many leads 
from the distributor to spark plugs, as there are cylinders. 
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OHABT NO. 117_Tha Atwater-Kent .iigh Tension Coll and Battery Open Circuit Ignition DjSn 

with Automatic Advance Timer and Distributor. Upper illustrations are slightly exaggerated. 
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_ (celled the umsparker) 

1 Fig 5-1 luatrated in fig. 2, it 

of a timer with its 
breaker or “maker/ 
would be more appropriate, 
mounted on the timer 
but independent of each oUnr 
The timer is illustrated is 
fig. 3, and explained on pegs ' 
247. 

The governor, figs. 6 and t, I 

is mounted directly under Iks j 
timer. One arm of the farcr 
nor (Gl), is attached to the 1 
upper part of the timer ahafl 
which is free to advance with , 
the action of the governor. : 
The other arm of governor au¬ 
tomatically advances the tima 
of spark as the speed of engine increases, by centrifugal action of govern* 
weights (GW), as shown. Note position of end of timer shaft (A), at j 
retard, fig. 6, and advance, fig. 7. Note at “retard" governor arm (Gl) i 
is at (0), whereas at full speed it has advanced to (D). (Marks akeva j 
on left hand side of housing.) 

The distributor, which distributes the current to the spark plngm (six la ' 
this instance), in their respective firing order of 1, 4, 2, 6, 3, 5, is mo ‘ * 
on the upper end of the shaft. Tho distributor arm (DA), revolvea 
timer shaft and passes the high tension current to the terminals of 
distributor, as six sparks are required per revolution, there are six 
on timer cam, and the distributor points are spaced 60° apart. 

The coll, is a double wound coil with a secondary and a primary windbag. 
The primary current (6 volts), coming from the battery or generator ■ 
carried through a pole changing switch through timer contacts, where the 
current is opened and closed at the proper time by the contact arm (D) 
(fig. 3), coming in contact with notches (N, fig. 2), which raises latch (S), 
causing contacts (B and 0), which are insulated from each other, to coma 
in contact: thereby closing the primary circuit in the coil. This causes a 
secondary current to be set up in the secondary winding of high vettagt. 
This secondary current is then distributed to the spark plugs by the 4m i 
tributor. (Cylindrical type coil now used—see page 249.) | 

There are as many notches (N), In the timer shaft as there are cyhe- [ 
ders and as many distributor leads to spark plugs ss there are cylinders. | 

Polarity Switch. j 

The polarity switch, Is Intended to prevent the points on (B and O) 
becoming worn and pitted. "Direct" current is used which has a 
ency to burn and pit the points, whereas an alternating current la mock 
easier on the points. Therefore to alternate the flow of current from N te 
S and S to N or positive to negative and negative to positive—ia the prin¬ 
ciple of this style switch. 

As stated above, "direct" current is used with all battery aystems, 
therefore a steady flow in one direction has a tendency to deposit Iks | 
metal from one point to the other—but by changing this flow of correal 
occasionally, the deposit will be put back to the other point again. This i 
is similar to electro-plating. | 

Note the action of the polarity switch: D is now flowing negative, A 
is flowing positive. By turning switch one quarter turn, the poles art | 
changed; A will become negative and D will become positive. Thin ! 

is made occasionally when running and has a tendency to keep 
rwvn1« Hean. 


*Tha later Atwater-lTent avatem ia a closed circuit principle, see fig. 1, page 249 and page 252. 
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♦The Automatic Advance of Spark. 


Governor: The Delco and Atwater-Kent 
systems employ a mechanical governor for 
advancing the spark when the engine is 
speeded. A governor of the centrifugal type 
is employed on both systems, but of slightly 
different construction. The purpose of the 
governor is to cause the timer notched shaft 
to turn in the direction of rotation, causing 
the contact to make and break earlier as 
the speed increases. 

For instance; refer to fig. 6, chart 117. 
Assume engine is running slow and gover¬ 
nor is in. retarded position. Note position 
of notch (A) in top of timer shaft. If en¬ 
gine is speeded up, the governor weights 
(GW) fly outward, causing timer shaft to 
turn further advance in direction of rota¬ 
tion—-it tg clear to see that the contact 
would be made sooner at D and E (fig. 3). 
The top of timer shaft is driven through 
the governor arm—see fig. 2. 

In addition to the governor advance—the 
distributor housing can also be advanced 
by hand, the two working independent of 
each other (see fig. 3), L is connected 
with spark lever on the steering wheel. 

The manual or hand control is for the pur¬ 
pose of securing the proper ignition control 
for carburetor adjusting, slow idling, retard 
for starting and variable conditions which 
cannot be held constant. 

The automatic spark control is for the 
purpose of securing the proper control due 
to variations in speed alone, and all that 
is required for normal driving is to secure 
the proper spark control for slow driving 
from 10 to 15*miles per hour (set the spark 
lever about 2/3 advanced) and the auto¬ 
matic feature will give the proper spark 
position for all higher speeds and for all 
lower speeds, excepting when the throttle 
is wide open, at which time the spark lever 
should be slightly retarded. 

Where the hand spark control lever is 
used, it should be so proportioned as to 
give not more than % to % inch of move¬ 
ment, for the entire range of the spark 
lever on the steering wheel sector. 

' Range of spark advance: The high ten¬ 
sion distributor is carried on a central shaft, 
which connects below the governor, so that 
the distributor block is not moved by the 
automatic advance mechanism. This per¬ 
mits of a wide range of spark advance with¬ 
out affecting the synchronism. The maxi¬ 
mum advance is about 45 degrees, of crank 
shaft travel; at 2400 r. p. m. 

The source of electric supply for this sys¬ 
tem, also all other systems of this kind, is 
from the storage battery. The storage bat¬ 
tery, as previously explained is charged 
from an electric generator run from the 
engine. 

The current consumption is very small, 
but the strength or pressure of current as 
required by the coil is necessary for a single 


spark system. Therefore keep the battery 
fully charged at all times. 

In case of an emergency, dry cells can be used 
connected six in series. If dry cells are used, 
they should be insulated from each other by wood 
or fibre battens for if damp they will give but 
little service. 

The Wiring. 

The wiring of the Atwater-Kent open cir¬ 
cuit system is explained on page 248. In 
the illustration on page 248 a two wire sys¬ 
tem is used, but a single or grounded return 
could be used as on the A.-K. closed circuit 
system—model “CC,” page 252, and fig. 1, 
below. 

The high tension wires from distributor 
to plugs should be in. di., including in¬ 
sulation. 



tem—see also page 252. 

Testing. 

If engine misses without regard to speed, test 
each cylinder separately by short-circuiting the 
plug with a screw driver, allowing a spark to 
jump. If all cylinders produce a good, regular 
spark, the trouble is not with the ignition sys¬ 
tem. 

If any one cylinder sparks regularly, this will 
indicate that the system is in working order so 
far as the Unisparker and coil are concerned, 
and the trouble is probably in the high-tension 
wiring between the distributor and plugs or in 
the plugs themselves. Examine carefully the 
plugs and wiring. Leaky secondary wiring is fre¬ 
quently the cause of missing and back-firing. 

Frequently, when high-tension wires are run from 
the distributor to the spark plugs through metal 
or fibre tubing, trouble is experienced with miss¬ 
ing and back-firing, which is due to induction be¬ 
tween the various wires In the tube. This trouble 
is especially likely to happen if the main second¬ 
ary wire from the coil to the center of the dis¬ 
tributor runs through this tube with the spark 
plug wires. 

Wherever possible, the distributor wires should 
be separated by at least V* Inch of space and 
should be supported by brackets or insulators 
rather than run through a tube. In no case 
should the main distributor wire be run through 
a conduit with the other wires. 

If Irregular sparking is noted at all plugs, ex¬ 
amine first the battery and connections therefrom. 
If the trouble commences suddenly, it is probably 
due to a loose connection in the wiring. If grad¬ 
ually, the batteries may be weakening or the con¬ 
tact points may require attention. See that con¬ 
tacts are clean and bright, and also that the moving 
parts are not gummed with oil or rusted. 


•The advance and retard of spark is explained under Ignition Timing—pages 805 and 807. 
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*The Atwater-Kent Closed 

This system is termed the type “CC.” 
It is illustrated in chart 118. The timer 
contact breaker or interrupter is shown in 
the illustration to good advantage. There 
is but one adjustment, which is the space at 
points, and which is altered by screw (8) 
and moving arm (B). 

The condenser is small and mounted di¬ 
rectly on timer. The coil used on both sys¬ 
tems is now cylindrical instead of box type 
and can be placed along side of the timer 
and distributor or separate. 

A resistance unit for protecting at low 
speeds or if switch is left on, as explained 
under the thermostat principle, page 246, is 
carried in the coil with the CC type. In 
fact all closed circuit systems must be pro¬ 
vided with some form of circuit opener 
in case switch is left on. (see fig. 1, page 
249 showing circuit of “regulating resist¬ 
ance. 

Single vs. Succession of Sparks. 

An ordinary vibrator coil makes several 
sparks, usually starting before piston is on 
top of compression, and ending considerably 
after top of compression. The hottest spark 
ignites the gas. The spark should occur be¬ 
fore top of compression and ignite the gas 
before top is reached so that combustion 
will have time to take place on the top, at 
the point of highest compression, thereby 
getting greatest power from engine and not 
after the top, when compression is being 
lowered, (see Ignition Timing.) 



Fig. 8. Fig. 9. 

Fig. 8 represents the Remy, Delco, 
Weatmghouse and Atwater-Sent "single 

spark"—a hot one at the right time, 
which causes the gas to ignite quick 
without lag and consumes very little cur¬ 
rent. 

Fig. 9. Note the succession of sparks. 

This represents the sparks as they oc¬ 
cur on the old style vibrator coil—sev¬ 
eral after top of stroke. The hottest one 
ignites the gas, but usually late. 

The Atwater-Kent and other systems of 
the kind are Intended to make a single, 
quick, hot spark, igniting the gas before the 
top of compression stroke, giving the gas 
time to combust by the time the piston is 
on top of the compression stroke. Hence, 
greater power and economy in current. 

‘Some of the cars using Atwater-Kent system are 
charts 229-234. 


Circuit Ignition System. 

Timing 

Atwater-Kent System —when hand 
spark control lever is not used. 

(1) place piston of No. 1 cylinder on top dead 
center between compression and power stroke 
(see index, "finding compression stroke’*); (2) 
slowly and carefully turn the unisparker back¬ 
wards or counter clockwise (contrary to direction 
of rotation of the timer shaft), until a dick ia 
heard. This click happens at the exact instant 
of the spark; (8) at this point it should be net 
by tightening the set screws on the timer shaft, 
being careful not to change its position; (4) now 
remove the distributor cap, which fits only in one 
position, and note the position of the distributor 
block on the end of the shaft. The terminal to 
which it points is connected to No. 1 cylinder. 
The other cylinders in their proper order of firing 
are connected to the other terminals in turn, 
keeping in mind the direction of rotation of the 
timer shaft. 

When timed in this manner the spark occurs 
exactly on top dead center when the engine ie 
turned over slowly. 

At cranking speeds the governor automatically 
retards the spark for safe starting, and as the 
speed increases, the spark is automatically ad¬ 
vanced, thus requiring no attention on the part of 
the driver. 

Timing 

Atwater-Kent —When a hand 
spark control lever is used. 

This setting is the same as given above, except 
—the position of the spark advance lever on steer¬ 
ing wheel sector, should be within % inch of full 
retard and connecting* levers should be such as to 
give the mnisparker an allowance of % to % ineh 
of movement for the full range of spark advance. 

After the spark lever is connected up and the 
unisparker is in position, it should be left loooe 
at the driving gear or at some other convenient 
point, and, with the engine on dead center as above 
directed, the shaft of the unisparker should then 
be turned forward or in the same direction as 
that in which it normally rotates, until a click Is 
hoard, at which point it should be set by tighten¬ 
ing the driving connection. 

The secondary wires are then connected to the 
right pings as previously explained. 

Adjustments of Atwater-Kent. 

Do not adjust or disturb the contact points 
until you are convinced that they need the at¬ 
tention. 

The normal gap between the contact points, is 
from .010 in. to .012 in. never closer. 

When contact points are working properly, 
small particles of tungsten will be carried from 
one point to the other, sometimes forming a 
roughness and a dark gray color on their sur¬ 
faces. This roughness does not in any way affect 
the proper working of the points, owing to the 
fact that the rough surfaces fit into each other 
perfectly. 

However, when it becomes necessary to take ip 
the distance between these points due to natural 
wear, it is advisable to remove both contact screw 
and contact spring, and with a new fine file dress 
down the high spots. Shim washers (W—fig. 8, 
chart 117) can also be removed from under the con¬ 
tact screw head until the gap between the points 
is correct. This makes it possible to obtain a 
more accurate adjustment and eliminates any dan¬ 
ger of high points on either contact touching each 
other when system is at rest. Bear In mind that 
these contacts (as well as all tungsten contact 
points) are very hard to file and that it is neces¬ 
sary to remove only a very small amount of metal. 

Spark plug gaps—when used with A. K. sys¬ 
tem should be adjusted to approximately .025. 
Too wide a gap will cause misfiring, especially 
at low speeds and hard palls. If too dose, engine 
will operate unevenly at ilding and miss at high 
speeds, (see also page 238.) 


given in the "Specifications of Leading Oars"— 
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♦♦The Remy : 

The Remy ignition system consists of the 
combined timer-distributor unit, a coil and 
the switch (see chart 118). The system 
operates on the closed-circuit principle, and 
ie distinguished by the fact that it has but 
two moving parts—the cam and the breaker 
arm. The system is made for four-, six- and 
eight-cylinder engines. 

In operation, the rotation of the cam C 
brings its corners in contact with a fibre 
plug which is riveted to the breaker arm. 
The arm thus is lifted, separating the con¬ 
tacts. Inasmuch as the moving parts are 
very light and a considerable period is al¬ 
lowed for the saturation of the primary 
winding in the coil, both mechanical and 
electrical lag are practically eliminated. 

Only hand advance of the breaker* mech¬ 
anism is provided. 

Whole mechanism stationary: Another 
feature of the Remy unit is that the whole 
mechanism is stationary. Advancing or re¬ 
tarding the spark does not move any of the 
wiring. This is accomplished by mounting 
the breaker mechanism on a plate. The 
plate is attached to the advance lever and 
is moved with it, thus rotating the breaker 
mechanism partly around the cam. 

The distributor mechanism consists of the 
usual Bak elite cover, with the terminals 
molded in place. There is no wiping con- 

fWestinghouse 

Battery and coil ignition system is of the 
closed circuit type (see chart 118). It is 
made for 4, 6 and 8 cylinder engines. 

The timer-distributor unit is vertically 
mounted and is operated from the cam shaft 
or can be attached to generator, as all other 
systems of this type can be. Only hand op¬ 
erated advance is provided. 

The condenser is mounted close to the 
breaker mechanism, being below the coil and 
distributor. Note the condenser, coil and 
breaker are all in one unit. 

A metal ring can be slipped upward to 
permit inspection or adjustment of the con¬ 
tacts. 

The distributor is the same as that used 
in the regular Westinghouse systems in 
which a circular carbon brush make con¬ 
tact with terminals embedded in the cover. 

The standard ignition switch is of the 
snap type and combines the lighting 
•witches in one plate which is mounted 
flush on the dash. Each time the ignition 


nitlon System. 

tact, the spark jumps from the radial dis¬ 
tributor arm to the terminals. Wear, there¬ 
fore, is eliminated. 

On top of the coil there is a miniature re¬ 
sistance coll in series with the primary wind¬ 
ing. This is to protect this winding in the 
etent the engine should remain idle for any 
length of time with the switch closed. In 
short, it protects the winding and also pre¬ 
vents excessive drain on the battery. 

Remy adjustments: Under ordinary conditions 
the contact points, which are iridium-platinum 
or tungsten should not require attention more 
than twice a season. 

They should be dressed with a line flat file to 
present perfectly smooth surfaces. 

The contacts should be adjusted with the 
wrench provided so that the maximum opening is 
.020 to .025 in. The rebound spring should be 
at least .020 in. from the breaker arm, when the 
contacts are at maximum opening. 4 

For best results the spark-plug gaps should be 
.025 to .030 In. 

If the engine misses when Idling or at light 
loads; the gaps at the plugs should be wider. If 
the engine misses at high speed or when pulling 
hard the gaps should be narrower. 

The oiler on the shaft should be kept filled with 
medium cup grease and screwed down two or 
three turns occasionally. On some instruments 
a wick oiler is used. In this case use pure vas¬ 
eline instead of grease. 

Manufacturers are Remy Electric Co., Ander¬ 
son, Ind. 

Ignition System. 

switch. is turned the polarity of the cur¬ 
rent is reversed, therefore it would be 
termed a polarity switch (see chart 117 
for principle). 

Westinghouse adjustments: In adjusting the 
breaker the contacts should be dressed with a fine 
file and adjusted so that the maximum opening 
is .008 in. Spark-plug gaps should be .025 in. 

The distributor brushes should slide freely in 
their holder and the spring should push the top 
brush out so as to extend from the holder about 
% in. when the distributor plate is removed. 

In the back of the switch plate there is what 
Is termed a “ballast coll’’ (for same purpose as 
“thermostat"—chart 119). This is a small re- * 
sistance in series with the final winding, and is 
to protect the winding and prevent excessive dram 
on the battery, should the engine remain idle with 
the switch in the “on" position. If this should 
be accidentally broken the ballast terminals may • 
be temporarily short-circuited with a piece of 
wire or with a standard 5-amp. fuse. 

The only lubrication required will be two or 
three drops of oil about once a month in the oil 
cup provided on the side of the distributor unit. 

Manufacturers are Westinghouse Electric Co.. 
Pittsburg, Pa. 


The Connecticut Ignition System. 


Is a typical example of a closed clrcnlt 
type and is made for 4, 6 and 8 cylinder 
engined. This company calls the interrup¬ 
ter and distributor, which is mounted in 
one unit—an “igniter . 99 They also term 
the timer, interrupter, because it is similar 


to a magneto interrupter—which interrupts 
the flow of current—however, other systems 
as the Remy and other closed circuit battery 
and coil ignition systems also call the timer, 
interrupter, as it is exactly the same prin¬ 
ciple. (see pages 252, 254, 364 and 358.) 

Oars," for cars using these different systems. 
Leading Cars," chart 228. 


*See charts 229-234 for “Specifications of Leading 
Also Instruction 28, and “Standard Adjustments of 
•See page 818 for example of timing Remy ignition on Chalmers. 
•See also pages 346 and 848. 
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CHART NO. 118—Examples of Open and Closed Circuit Coil and Battery Ignition Systems. 


> page 543 for “Specifications of Leading Oars" for Ignition systems used on leading cars and "Standard 
inatment of Leading Oars." page 542. for timer adjustment, also pages 250. 254 and 378. 
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Example of Timing Connecticut Ignition System. 


By referring to chart 119, the Connecticut 
system is made clear. Note the thermostatic 
principle used with this system. 

To time breaker and distributor (Mitchell six, 
ae example). When replacing, if for any cause it 
becomes necessary to remove breaker and distri¬ 
butor, crank engine by hand until piston of No. 
) cylinder (first from front end of car) comes 
upon its compression stroke and stop when the 
1*6 mark on flywheel is on top in a line with 
flywheel indicator. At this point the piston is at 
the uppermost point of the compression stroke or 
"dead center." You can determine when the 
piston is coming up on the compression stroke by 
opening the relief cock on the cylinder and hold¬ 
ing your finger over the opening. 

Now advance spark lever on the steering wheel 
one-quarter of the way. Remove distributor cap, 
then set the combination breaker and distributor 
on driving shaft with set screws loose, connect 

Testing Ignition 

This not only applies to the Connecticut system, 
but to other systems of the same kind. Also see 
chart 102 and pages 249,*285. 


Testing coll: In order to determine if the coil 
is operating properly, secure a piece of wire and, 
holding one end to the frame of car, engine cast¬ 
ing, or other metallic "ground," bring the other 
end to within one-quarter inch from the point where 
the high tension wire (running from the coil to 
the central terminal of the igniter) leads from the 
coil, and turn the engine over by hand with the 
switch on. If a spark occurs at this point and 
not at the igniter, the trouble is in the high ten¬ 
sion wire which leads from the coil to the igniter. 
If, however, no spark occurs at either point, see 
if the safety gap in the top of coil is wet. In 
this case dry out the coil for several hours in a 
warm oven. The safety gap may be observed by 
removing the cover on the top of coil. 

If this does not correct the trouble and the 
primary circuit is intact it is evident that the coil 
should be replaced or returned for repairs. 


advance lever, turn hub on the shaft, in direction 
of rotation (anti-clockwise) until contact points 
are just opening, which is the point at which the 
spark takes place, then tighten the hub set 
screws. 

Now replace the distributor cap, carefully notic¬ 
ing which segment of the distributor brush is op¬ 
posite, for this is the connection to the spark 
plug of No. 1 cylinder. Now connect up the bal¬ 
ance of the spark plugs in their firing order—1, 
5, 3, 6, 2, 4. 

On the Dort car which uses this system, the pis¬ 
ton is placed on top and spark lever retarded. 

The Chevrolet timing: Place piston on top of 
compression stroke. (See fig. 10, page 086.) Re¬ 
tard spark, loosen set screw and turn igniter unit 
until contact points are just opening, which is the 
point for spark. Tighten the set screw. The firing 
order is 1, 2, 4, 8. Therefore connect plug ter¬ 
minals accordingly, (see chart 170.) 

Circuits and Parts. 

It is a good plan to regularly examine the 
clamping rods holding the coil to the generator, 
tightening when needed to prevent vibration from 
loosening the terminals or breaking them. 

Test of primary circuit: When testing the 
primary circuit there are practically only two 
things to be taken into consideration, namely, the 
condition of the contact points in the breaker box 
and the wiring. 

When tracing the primary circuit, first see if 
any of the fuses have "blown," then trace all 
th» wiring of the ignition circuit. 

Testing Ignition switch: In order to test switch 
and determine if current flows through it, attach 
a wire to the negative terminal on the storage bat¬ 
tery and remove the wire from terminal on coil. 
Then push the ignition button on left end of 
switch in and make and break the circuit with 
the two wires by touching their free ends together. 
If a spark occurs, there 4s a circuit through the 
switch. If a spark is not obtained there is 
doubtless an open circuit in the interior, there¬ 
fore it should be returned for repairs. 


The Bosch Ignition System. 


The battery ignition system developed by 
the Bosch Magneto Oo., nearly ten years 
ago has not been altered greatly. It oper¬ 
ates on the closed-circuit principle and is 
supplied for two, three, four, and six- 
cylinder engines. 

The complete system consists of a com¬ 
bined timer and distributor and a com¬ 
bined switch and coil, the latter to be 
mounted on the dash. 

The breaker mechanism is simple, rotation 
of the cam G (see chart 118), pressing a 
fibre block separates the contacts which are 
normally closed by a spring. 

The distributor is fully as simple and is 
mounted directly over the breaker. Only 
hand operated advance of spark is provided. 

The switch incorporates the vibrator at¬ 
tachment to facilitate starting when the 
engine is cold or the carburetor out of ad¬ 
justment. This mechanism is controlled by 
the pointed button in the center of the 


switch plug. Under normal starting condi¬ 
tions momentary pressure on the button will 
produce a single spark at the plug. Turning 
the plug to the right aDd depressing it makes 
the necessary connection to provide a con¬ 
tinuous stream of sparks at the plug. If de¬ 
sired the button can be locked in this posi¬ 
tion until the engine has started. 

The switch provides for the use of a mag¬ 
neto, the engine running on the magneto with 
the switch in one position and on the bat¬ 
tery with the switch in the other position. 

There is only one adjustment, and this is for 
the gap at the contacts. With the fibre block 
resting on top of the cam, the contacts should be 
separated about .01 in. To alter the adjustment 
the lock nut must be released first, and carefully 
secured after the adjustment is made. Occasion¬ 
ally expansion of the fibre bushing prevents the 
free movement of the lever, and in this case the 
bore v of the bushing can be slightly enlarged with 
a reamer. No lubrication is required. 

Also see chart 133, fig. 8, and instruction 21, 
for diagram, etc., of the Bosch battery and coil 
system. 


Delco Ignition System. 

The Delco coil and battery ignition sys- made in both the open and closed circuit 

tern is another popular system. It is treated principle—see pages 377 and 378. 

under instruction number 2 8-A, and is 


*Note.—The coil and battery ignition systems treated under this instruction ire also treated fur¬ 
ther on under instructions number 27 and 28. 
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Connecticut Battery and Coil Ignition System 
is used on the Overland, page 358 and Chevrolet, page 364 and many other cars. 

Interrupter 
is of the closed 
circuit principle 
as explained on 
page 243. Note 
it is mounted 
under distribu¬ 
tor (fig. 2— up¬ 
per i 11 u s t r a- 
tion). Cam (C— 
fig- 1), pw- 
vided with as 
many lobes as 
there are cylin¬ 
ders. Platinum points (U) are separated by arm 
1 (A), raised by cam (C) operating against a fibre 

roller (B). Terminal (Tl) connects with point in 
arm (A) through contact strip (Y). Contacts are 
closed until separated by cam (C). Both points 
are insulated. 

Primary connections to interrupter is made from 
coil to (T and Tl), which connect with A and B. 
See page 358, for internal wiring diagram as ap¬ 
plied to the O.verland. 

Distributor 

is mounted above interrupter (fig. 2). A “brush” 
type contact (B) is used on this model. On later 
models (see page 252) the “gap-type” is used as 
explained on page 247. Interrupter and distributor 
are driven at cam shaft speed. To time spark see 
pages 358, 364 and 253. 

Coil 

is the usual non-vibrating type (fig. 3). To under¬ 
stand the 5 wire connections to it, see page 248 
of another similar system. On model shown on 
page 252 there are but 4 connections to coil— see 
alSb page 358 for internal wiring. A spark gap is 
provided which affords protection in case high ten¬ 
sion wire comes loose (see page 273 for principle). 

Adjustment 

There is but one, which is the opening of contact 
points (U), which should be .018 for a 6 cylinder 
engine and .020 for a 4 cylinder engine. When ad¬ 
justing, roller (B) should rest on point of cam 
(C). Points (U) do not require re-fitting, even 
though rough, but if too badly burred, as to cause 
missing—install a new “breaker plate”—as shown 
in figs. 1 to 8. 

Thermostat. 

Is enclosed within rear of the switch fig. 4. See page 
358 and note un the Overland it is in the "combination 
switch" box on steering column with ignition switch. 

Its purpose is to op*»n the circuit, should the switch 
be left on when engine is not running, as explained on 
page 246. 

A8 (KtnnMiil if * a 

in* ccftpwrikvi lyritm ^iiu The thermostat consists of the blade—T, (see figs. 6 
iZ -m* and ®)« which heats when the current passes through it 

rankm with thtC.t.r im. for from 30 seconds to 4 minutes without interruption and 
t*. Hfm cntit .nti causes it to bend downward, making contact with the 
• r * thd n B hi contact (L). 

This completes an electrical circuit which energises the 
magnets (M). causing the releasing hammer (K). to oper¬ 
ate like the clapper m an electric bell. This arm strikes 
against a plate (P) which releases whichever of the two 
ignition switch buttons in the switch may be depressed 
or "on." Thermostat can be set to act from 30 seconds 
to 4 minutes. 

An adjusting screw (fig. 5), is provided directly over 
thermostat spring (T) which regulates the time. If ther¬ 
mostat was made to disconnect in less than 30 seconds it 
would probably "kick-off" when putting on ignition, be¬ 
fore engine could be started. 


twac- 
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TFT art NO. 110 —Connecticut Coll and Battery System—Example of a Modern Closed Circuit 
[nterrnpter. (Conn. Telephone and Elect. Co., Meriden, Conn., Mfgr’s.) 

r e system model 15 with carbon brush—(R, fig. 1). See page 252 for model *6 distributor. See also pages 
858 and 364. The "gap-distributor" is used on late systems—see explanation page 247. 
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INSTRUCTION No. 20. 

A BRIEF REVIEW OF THE VARIOUS COIL IGNITION 
SYSTEMS: Advantages and Disadvantages.. Dual and 
Double Ignition System. The Ideal Electric Systems. 


We have now mastered the various meth¬ 
ods of producing an electric spark for Ignit¬ 
ing the gas with a “primary” or low ten¬ 
sion coll and a “secondary” or high ten¬ 
sion coll. Before proceeding with the sub¬ 
ject of magneto ignition (“alternating” 
mechanical source of electric supply), we 
shall summarize the various systems. 

Low tension coil systems; disadvantage of 
the “make and break” is its lack of “flex¬ 
ibility” and slow spark. It would be con¬ 
sidered fairly good for a slow running con¬ 
stant speed stationary or marine engine. 

**Ooil with vibrator; disadvantage of a vi¬ 
brator coil is its tendency to miss; if battery 
is weak, vibrator will not operate—if too 
strong, points on vibrator will weld together 
and stick, causing missing. Spark is not 
fast enough. Consumption of current rather 
heavy. See page 250 for “succession of 
sparks and single spark.” 

Master vibrator coll—(chart 110)-; where 
a system is already equipped with a multi¬ 
ple of vibrator coils, this would be an ex¬ 
cellent method to improve it. Disadvantage 
—sticking vibrator—all work on one vibra¬ 
tor—succession of sparks. 

Dry battery as source of electric supply— 
disadvantage is unreliability. A battery of 
5 or 6 dry cells will do fairly good work 
when fresh for short periods of time—pro¬ 
vided two sets are used and the use alter¬ 
nated from one to the other. It gets weaker 
as used, however, and is unreliable. In¬ 
tended for “intermittent” work—as ring¬ 
ing door bells, etc., where used only for a 
few seconds or so at a time (see fig. 3, 
chart 102). 

Storage batteries—a. s better as they 
maintain their pressure until exhausted. 
Contain greater quantity of current and are 
far more satisfactory—disadvantage—must 
be recharged when exhausted and operator 
must watch it for fear of ru :ning down. 

Battery, coll and magneto—if the genera¬ 
tor is a magneto, the dry cell or storage 
. battery and coil could be used for starting. 
After starting, the storage battery and coil 
is cut out and magneto generates current. 
Disadvantage—all magnetos do not generate 


a strong current when running slow. Trou¬ 
blesome vibrator eoil. 

Magneto alone—a magneto of the high 
tension type would be a fairly satisfactory 
system. It is an improvement over the low 
tension magneto—as a separate coil is not 
necessary. Disadvantage—when starting 
the armature of magneto must be turned 
fast enough to generate current, therefore 
difficult to start with. On slow running or 
idling the current is weak on the average 
make. 

Dual system of ignition: Where a car has 
two ignition systems for instance, a coil and 
battery and independent magneto, but both 
systems using one set of spark plugs—this 
sy tern is called a “dual” ignition system. 

Double system of Ignition: Where two 
sets of spark plugs are used with two inde¬ 
pendent ignition systems—this is called a 
“double” system. 

The Ideal Electric System. 

For ignition, lighting and starting would 
be a coll without vibrator used In connec¬ 
tion with a “single spark” timer. Stor¬ 
age battery for electric supply for starting 
and lighting. Dynamo operated by engine 
to recharge storage battery and supply cur¬ 
rent for ignition and light after engine is 
started. Advantages of this system are ap¬ 
parent—the chief advantage being a “con¬ 
stant” source of electric supply and the 
next; an ignition system capable of giving 
a fat hot spark at the right time regardless 
j of speed of engine (see charts 117 to 119). 

Disadvantage would appear to be (1) the 
probabilities of the dynamo at high speed 
burning out the coil, as the voltage increases 
with speed of dynamo—or (2) when running 
slow, the connection being between the stor¬ 
age battery and field coils—current would 
flow from battery into generator. This, how¬ 
ever, is all taken care of (1) by “regula¬ 
tion” of the dynamo field windings so the 
output remains constant at low or high 
speeds (2) by a “cut out” arrangement-— 
all of which will be explained under instruc¬ 
tions 26 and 27. 

Starting—as we are provided with a con- 
stmt source of electric supply—a starting 
motor can be connected to engine as ex¬ 
plained under instruction 26. 


•See “Specifications of Leading Oars," pages 548 to 546 for ignition systems used on leading ears. 
**8ee page 248; and note a vibrator eoil would have an “electrical and mechanical lag.** 
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Fig. 6. ▲ dynamo or mechanical generator of “direct” current. Note this type of generator can 

have either “permanent” or “electro” magnets, but the armature is always DRUM wound with a com¬ 
mutator on end of armature shaft.—see pages 323, 325, 332 for drum armatures. 

Permanent magnets are of the horse shoe type and are permanently magrfetized. They are called the 
“field” magnets. 

Electro field magnets are wound with copper wire and are electrically magnetized and remain mag¬ 
netized only when armature revolves between the field magnet poles. This type of dynamo or gen¬ 
erator, generates a steady “direct” current, usually of 6 or 8 volts and will light electric lamps and 
recharge a storage battery and supply current for ignition. It is usually run in connection with a starting 
and lighting system, and in smaller models, is used for ignition on stationary and marine engines to a con¬ 
siderable extent. 



Pig. 1. The magneto is also a mechanical generator, but the current generated is “alternating,” 
that is, the current is not a steady flow, but alternates continuously. The field magnets are always of 
the permanent magnet type. The armature for generating alternating current is of two types; the “shut¬ 
tle” type as shown in figs. 3 and 4 or the “inductor” type as shown in fig. 8. 

The shuttle or “armature” type of armature (see page 274) has a primary wire winding of copper 
wire, one end grounded to armature core and other end insulated. If there is but one winding on the 
armature it is called a “primary” winding and is of low voltage; about 6 volts. Therefore it is called a 
“low-tension” magneto. If there are two windings on armature it is called a “high-tension” magneto. 

Fig. 8: the “inductor” type of armature: The wire is stationary and the inductors or “rotors” re¬ 
volve, whereas on the “shuttle” type the armature and wire revolve. The latter type is more generally used. 

•The K. W. magneto is a leading magneto of the inductor type. Construction; magnets, permanent type; 
pole-pieces placed above armature 90° apart; rotors set 90° apart. There are two rotors with 4 ends. Fig. 
8 illustrates the arrangement of rotors on armature shaft. This gives the 6ame effect as if two shuttle 
armatures were placed cross wise—which would be 4 impulses per rev. (fig. 10) instead of 2 in the shuttle 
type (fig. 9). If we continued adding we would soon have the alternations so close together we could light 
an electric lamp—in fact, the K. W. low tension magneto at high speeds will accomplish this. 

The coll on the E. W. is stationary and rotors revolve. With a single primary winding on coil core it 
is a low-tension magneto. With two windings, per page 288, fig. 0, is then a high-tension magneto. 

Fig. 8A, shows lines of force passing down through rotor wing from N pole, then centrally through 
core over which coil is placed, up rotor to S pole. 

Fig. 8B, shows rotors moved in position where lines of force are now passing in reverse direction, which 
causes a complete reversal of polarity through coil winding. This is maximum position and where con¬ 
tact points (P) should separate—see page 296, which is a high-tension type. 

Fig. 9: Shuttle, or “armature” 


S 


Impulse diagram. rev. or 90°. 



type magneto (see page 274); 
produces 2 impulses or waves 
of current of maximum inten¬ 
sity per rev. (360* *). Note di- 


Fig. 10. The E. W. inductor 
type armature produces 4 im¬ 
pulses or waves per rev. Note 
direction of flow of current is 
chanced 4 times or at each M, 



OHABT NO. 120 —Mechanical Electrical Generators of “Direct" and "Alternating" Current. 

*8ee also pages 264, 288, 296 and 832. 
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INSTRUCTION No. 21. 

•LOW TENSION MAGNETOS: Construction. Parts, Princi¬ 
ple. Magneto Action. Explanation of Impulse and Waves 
of Current. Low Tension Ignition Systems. Inductor Type 
Low Tension Magneto. Ford Magneto Principle. 


We will now take up the * 1 mechanical " 
source of electric supply for the different 
ignition systems. 

A device for generating electricity me¬ 
chanically is called a dynamo or magneto. 
The kind of current the dynamo generates 
is * 1 direct ; 1 current and the magneto gen¬ 
erates “alternating" current. 

The direct current dynamo generator is 
usually called a “direct current generator 
or dynamo" and is usually applied to gen¬ 
erators run from the engine which supply 
current for charging the storage battery, 
for lighting, also for ignition. 

This type of generator can have either 
4 * permanent" magnets or “electro mag¬ 
nets" for the magnetic field, but in every 
instance, the armature is a “drum" wound 
armature. This type of generator gener¬ 
ates a low tension or voltage, usually 6 
volts. 


The alternating current generator is al¬ 
ways called a “magneto," because the field 
magnets are of the permanent magnet type 
and the armature is either a “shuttle" or 
“inductor" type. This type of generator 
generates nothing but an “ alternating 9 
current, suitable only for ignition. Alter¬ 
nating current will not charge a storage 
battery. 

Alternating current generators are di¬ 
vided into two classes; the “low tension 
magneto" and the “high tension magneto." 

We will take up the construction of the 
low tension magneto first, because the high 
tension is really a low tension magneto, but 
with a double winding on the armature. 
Therefore, starting with the low tension 
magneto first, it will then be easier to mas¬ 
ter the principle of the high tension mag¬ 
neto later. 


Magneto Construction—Low Tension. 

mary winding at certain times (see page 
267) intensifies the current. 


Thrf principle of a low tension magneto is 
similar in many respects to a low tension 
coll as described on pages 215 and 214. In a 
magneto the armature on which the primary 
wire is wound is called upon to produce 
its ewn electric supply, whereas in a primary 
or low tension coil the electric supply is 
from another source. See fig. 1, page 260. 

Field magnets: Therefore, permanent 
magnets (la), called the “field magnets" 
are provided as shown in fig. 1, chart 121. 
The pole pieces (11a) provide a magnetic 
field for the shuttle type armature (fig. 4) 
to revolve in. End plates with ball bear¬ 
ings are attached to screw holes in pole 
pieces (11a, fig. 1). There is very little 
clearance between the armature and the 
poles, therefore accurate fitting is necessary. 

The magnets: usually two, four, or six, are 
placed over the pole pieces; all north poles on 
one side and all south poles on the other side. 
The base (12a, chart 121), is usually made of 
brass or aluminum, as neither will become mag¬ 
netised. 

The armature is explained in fig. 6, chart 
121. This has a single winding of coarse 
wire (nsnally about No. 18, insulated), 
called a “primary" winding similar to the 
primary winding on a coiL 

On a high tension coil system, one end of 
the primary wire leads to a commutator or 
timer, and the other end to a battery. When 
the circuit is closed and suddenly broken the 
current is “induced" in the secondary wind¬ 
ing as previously explained. 

On a magneto, the primary winding Is 
closed, and the sudden opening or “ inter¬ 
ruption " of the flow of current in the pri- 


Thls interruption of current can he accom¬ 
plished in two ways; by “breaking" the 
current with an “igniter" suddenly, as in 
fig. 1, page 260. 

Or by “interrupting" the current with a 
“contact breaker or interrupter" as per 
fig. 8. Therefore; we have two methods of 
intensifying the low tension current of a 
low tension magneto. 

The first method is similar in action to 
snapping two wires together as explained 
in fig. 6, page 214 and illustrated in fig. 1, 
page 260. The interruption is made by an 
igniter, operated by a cam on cam shaft. 

The second method is similar in action and 
is explained in fig. 3, page 260. 

It must be borne in mind that the time 
the interruption takes place is when the 
armature is in a vertical position, for at that 
time the strongest current will be available, 
(explained further on.) 

The armature is In a vertical position 
twice during one revolution, therefore we 
can make two interruptions during one 
revolution, by having a “two point" cam 
raise the interrupter arm at the right time. 

If a single cylinder engine, only one nose 
on cam is needed. 

If a four cylinder, four cycle, we need 
4 sparks during two revolutions of crank 
shaft, therefore the cam would have a 
double nose and would run at the same 
speed as engine crank shaft. 

be understood before reader can properly understand 
See K. W., page 265. 


•This system is now seldom used, but must first 
the high tension magneto. 

••All low tension magnetos are not driven at fixed speed. 
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Tig. 1—Permanent magnets 
(la); pole pieces (lla); base 
of brass or aluminum (12a). 



Fig. 2—View of a low tendon 
magneto with the end plate off 
and armature shown in section. 

1— Permanent magnets (mag¬ 
netized at all times). 

2— The armature, revolved by a 
gear connected with engine shaft. 

Note that a single winding of in¬ 
sulated copper wire is wound on 
the armature. 



Fig. 3—The low tarnation 
magneto complete. View 
shows the drive end of the 
armature, which is drives 
at a fixed speed from crank 
shaft of engine, by gear or 
chains. 

The armature has one 
winding. 



Fig. 4—The low tension magneto armature with a 
single winding, called the primary winding. The arma¬ 
ture revolves between the poles lla. This type of arma 
tore is called a “shuttle” type, also called “armature” 
type, see page 274. 



This type of armature is called a “shuttle” or “H” type. 
Bronze heads (B B') are screwed to the armature core (0 and O'). 

Shafts (AA) are driven and riveted to bronze heads. Wire is 
wrapped around space (0 O'), called the core. 

It will be seen that the core is not a solid casting; rather it 
is a pair of castings between which is clamped a group of soft 
iron stampings (D), having the form shown m the detail sketch. 
The object of thus laminating the core, as it is called, is to re¬ 
tard the circulation of “eddy currents” in the core due to in¬ 
duction. The same forces of induction which are at play in the 
windings, operate also in the iron core itself, and if unchecked 
would both consume power and heat the armature unduly. As the 
voltage of these currents is very low, even the slight obstruction 
of the laminations is sufficient to retard them. 

The laminated section of the armature is shown at (D). Lam¬ 
inated means that instead of the castings (0) being solid there 
are several layers of flat sheet iron placed together, between the 
eores (0), as shown at (D). 



Fig. 5.—Sectional view of a low 
tension magneto, showing one method 
of conducting the low tension onrr aui 
from armature; one end of primary 
winding, which is heavy, coarse wire 
is grounded to armature core at (0). 
The other end (A), is insulated and 
passes through the hollow end of arma¬ 
ture shaft and makes contact with a 
point (D), (see also fig. 4, page SM). 

As the armature revolves, the spring 
(8). which is mounted on an 
block (IB), conducts the current 
through a wire connected with it, to 
terminal. (“Collector rings,” 
to one on the high tension g-rt" 
fig. 1, O and P, page 268, are aim 
often used.) 

From the terminal the current is 
carried to the “igniter,” as per fig. 1. 
page 260. 

It will he noted that a separate lew 
tension coil is not necessary in this In¬ 
stance, as the winding on armature 
takes its place. 

If the low tension magneto Is used 
with a separate high tension osO, as 
per fig. 8, page 260, then this wire A 
from armature would go to the pri¬ 
mary winding of coil. 


JHART NO. 121—Construction of a Low Tension Magneto. 
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Low Tension Magneto Supplying Current for a “Make and Break” 
Ignition System. 


On page 217, this system is explained. 
The magneto however, was not explained, 
therefore if the reader will refer to page 
268 and 257, the principle of the low ten¬ 
sion magneto will be made clear. 

It is well to bear in mind that a low 
tension magneto used in connection with 
the low tension “make and break” system, 
shown in fig. 1, page 260, does not require 

Low Tension Magneto 

The low tension magneto can be used in 
connection with a high tension coil and pro¬ 
duce a “jump-spark” or high tension 
spdrk at points of a spark plug in cylinder, 
by using the low tension magneto to pro¬ 
duce the current, and a separate high ten¬ 
sion coil (without vibrator) to intensify 
the low tension current to a high pressure, 
so that it will jump gap*of spark plug. 

We would need for this system a high 
tension cofl, a distributor on the magneto 
ta distribute the high tension current to the 
spark plugs (if a multiple cylinder engine, 
which in this instance, we will say, is a 4 
cycle, 4 cylinder) and an interrupter to 
break the low tension current at the proper 
time. 

Coll—the double wound high tension coil, 
similar to the coil explained on page 220, 

S . 1, but without a vibrator can be used. 

e interrupter will take the place of the 
vibrator, therefore we would have a single 
spark instead of a succession of sparks. 

When the contact points separate, as ex¬ 
plained under “interrupter,” the low ten¬ 
sion magneto current is intensified, and “in¬ 
duced” current is set up in the secondary 
winding as explained on page 220. This 
coil can be placed separate from magneto 
as per fig. 3, page 260. 

fDlstrlbutor: this 1 * induced 91 or high ten¬ 
sion current is then distributed to the spark 
plugs in correct firing order, by distributor 
rotor and brush per figs. 1, 2, this page. 

The distributor is driven at one half the speed 
of armature (see page 261). 

•The interrupter, see fig. 2, above* and 
fig. 8, page 260, is mounted on the front 
end of magneto armature shaft. The hous¬ 
ing on which interrupter parts are mounted, 
can be shifted, by means of a rod (SL) 
fig. 2. This rod connects with spark lever 
on steering wheel—see page 294. 

Therefore the time for the spark to occur 
can be made early or “advanced,” or late 
or “retarded.” The usual range of ad¬ 
vance on a magneto being from 22° to 35°. 

Attached to the housing and moving with 
it, is the interrupter arm (A) and the insu¬ 
lated terminal (B). 

On the end of the interrupter arm (A) 
is a platinum point (P). There is also an¬ 
other platinum point (P) on terminal (B). 

Platinum is used because there is more or less 
sparking occurring at the points and platinum be- 


a low tension coll, because the action of in¬ 
tensifying the current as explained in fig. 
6 page 214, is obtained by the snapping of 
the “igniter” points (M), fig. 1, page 269, 
by action of a cam, and the winding on 
armature of the low tension magneto takes 
the place of the low tension coil. By refer¬ 
ring to page 257 and fig. 1, 260, other de¬ 
tails which are simple, will be made clear. 

and High Tension Coil. 

ing hard, it stands the spark with less pitting then 
other metals (see “polarity switch/' page 248). 

iThe condenser in the coil (explained in fig. 6, 
page 228), takes up excess sparking to a great 
exent. Condenser can be placed in the coil box 
per pages 262, 263, or in the magneto if magneto 
is a high tension type—per (J), page 268. See 
also pages 274, 273. 



Fig. 1—Note how distributor shaft is 
driven by gear on armature. Fig. 2— 
Front view of distributor and interrupter. 

The cam (C) is attached to the front end 
of the armature and revolves with it (see 
figs. 1 and 2, and fig. 3, page 260). 

When the nose of cam (C) raises the in¬ 
terrupter arm (A), the current is inter¬ 
rupted in the primary winding causing the 
high tension current to be set up in the 
secondary winding of the coil. 

The cam has two lobes, therefore it will 
raise the interrupter arm twice during one 
revolution, or four times during two revo¬ 
lutions of armature. Armature would then 
run at same speed as engine crank shaft, 
(see page 261). As it is attached to the 
armature it must revolve with it. 

**The cam is set on the armature, so that 
the nose will raise the interrupter just aa 
the armature passes vertical position. 

If the cam raises the interrupter arm 
(A) when armature is. in this position 
and the interrupter housing is at full retard 
position, this will then allow for advanc¬ 
ing of the spark full 35 degrees or less ac¬ 
cording to range of magneto, (seepage 309.) 

The primary circuit on the armature of 
the low tension magneto consists of a wind¬ 
ing of several layers of coarse wire B, 
fig. 3, page 260. One end is grounded to 
the armature core and the other end is in¬ 
sulated, and connects with primary wind¬ 
ing of coil. 


•There are many types of interrupters. One used in this example is simplified to explain the prin¬ 
ciple. (see page 298.) condenser, although not shown, is always connected around interrupter 
points. If low tension magneto, it is in the coil per pages 262, 263. If high tension magneto, it is 
m the magneto, per pages 268, 274, 278—yet it serves same purpose. 

**See also, instruction 24, Ignition Timing, t—by referring to page 262, fig. 23. method of conduct¬ 
ing current from a separate coil to distributor arm or rotor, on magneto is shown clearly. 
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“Make and Break’* Low Tension Ignition System; Using a Low Tension' 

Magneto To Supply Electric Current. 

Low tension magneto to supply current for the “igniter” as shown in fig. 1 and ex¬ 
plained on page 259. 



Fig. 1.—One method for intensifying the current 
from the low tension magneto is to suddenly break the 
flow of current as explained in fig. 8, page 214. In¬ 
stead of breaking the flow by hand, however, the make 
and break type of 4 ‘igniter” is used. A low tension 
coil is not used with above system as the winding on 
magneto takes its place, (see fig. 5, page 258, for 
names of parts of magneto.) 



Fig. 2.—The low tension magneto Ignition on 
a multiple cylinder engine. Battery for starttnc. 
Magneto armature revolves same speed as crank 
shaft of engine. 


Note that a low tension or single wound noil 
must be used in the, circuit if the battary is 
used, whereas if magneto is switched on instead 
of the battery, the winding on the armature acts 
as a coil instead. Note a cam shaft operates 
the “make and break" igniters, which govern 
the time of spark, causing four sparks during 
one revolution of cam shaft, or two revolutions 
of crank shaft. 


On above system, armature is driven at a fixed speed, because it is of the “shuttle 
type.” The cam snaps the igniter arm (M) when piston is on top of compression stroke. 
Therefore armature must be in a vertical position, just leaving the pole (see pages 266, 267 
and 309). See also pages 257, 259, 261 for relation of speed. 

Hots — all low tension magnetos are not driven at fixed speed —see K. W., pages 264 and 265. 


A “High Tension” Ignition System Using a Low Tension Magneto to 
Supply'Electric Current. 

This system is fully explained on page 259. It is similar in many respects to the bat¬ 
tery and coil system described under Instruction 19, except a low tension magneto supplies 

■■ . ■ — — . , ■ the current instead of a bat- 

[ / Secondary wires tery, and the ‘interrupter and 

- *° #park plugi distributor are mounted on the 

V V v p|f .. -1 ^ magneto instead of being 

Spark plugs I Gap | ^ driven separate. The objee- 

■ c _4* '/ft Distributor on tion to this system is explained 

engine (l>^s magnate- on pa ge 261. Also see pages 

~ 261 and 259' 

; xssgT \ * n A /\ A for relation of 

! fn -\7y kfVl/ 1 speed of arma- 

/ V K T ture, distribu¬ 

_Spt crank shaft 


Magneto 


High tension 7 
double wounds 
coll 


/ * Inter, } High tension 7 np . crank shaft 

/ Ground current- /^Magneto nipter ) double wound/ “ 

I through metal if | coll * k This 'system Is 

1 of engine ;/ f slightly different 

\ N// ^ V from the one 

\ // Switch k > P —— " shown st bottom 

V ss *q • Oround return of page se*. 

if -— -- —* - < -•" — —- where the inter- 

rupter or contsct 

Fig. S.— Another method for Intensifying the current from a low tension magneto, e^across^htMtri^ 
la to use an ’Interrupter mounted on end of urmature shaft and connected with a sep- mary circuit, 
arate high tension coil, without vibrator. In this instance a high tension current would With above sye- 
be provided in secondary winding (S) of coil by current produced from the low ten- tern it is Is 
sion magneto when primary circuit is interrupted at maximum position of armature, series. 


Switch 


HART HO. 122—Two Simplified Methods of Using a Low Tension Magneto. Note in fig. 3, 
aethod of short circuiting magneto; switch is closed to shut off magneto. 

Ihe word “interrupter" and “contact-breaker" mean the same. 
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The armature revolves, therefore the end 
of the armature primary winding (R), from 
which the low tension current is taken, is 
carried through end of armature shaft (in¬ 
sulated), similar to D, fig. 5, page 258, but 
where an interrupter is on armature it is ar¬ 
ranged similar to K, fig. 2. page 270, but 
not connecting with any other part than 
the wire from armature. This spring con¬ 
tact conveys the low tension current from 
armature, which revolves, to primary coil 
winding P, fig. 8, page 260. 

Note arrangement of interrnpter on page 270. 
It ia a different ponstruction from fig. 8, page 260. 
The interrupter on page 270 U more modern. The 
one used in fig. 3, page 260 ia simplified. 

The current is then carried through pri¬ 
mary winding P, to insulated terminal B, 
through interrupter points P (which open 
when armature is in maximum position), to 
arm A to ground G, back to magneto ground. 
This completes the primary circuit of mag¬ 
neto and high tension coil. 


Trace arrow points from upper primary wire 
from magneto armature, back to xfiagheto ground 
for the primary circuit. 

The secondary current (.fig. 3, page 260), 
starts at distributor brush (D) to insulated 
part of spark plug, jumps the gap, thence 
returns from metal shell of spark plug, to 
“ground” connection bn engine to second¬ 
ary and primary connection on coil (S-P) 
through secondary winding (S) back to dis¬ 
tributor brush (f)). 

Magneto switch (fig. 8, page 260) ia open when 
the magneto is working, but to stop the magneto 
from generating current, the switch ia closed or 
“short circuited.’* ▲ glance at the illustration 
will shew how the armature is short circuited, 
therefore “interruption” of current cannot take 
place—see also page 275. 

The magneto must be driven at a fixed speed 

because the interrupter and position of armature 
govern the time of spark. Therefore, the mag¬ 
neto is either driven by a chain or a gear from 
the cam shaft bnt not by belt, see page 206, 
“magneto speed.” 


Magneto Distributor Parts. 


♦The purpose of the “high tension” dis¬ 
tributor is to distribute the high tension cur¬ 
rent to the spark plugs. The distributor 
brush (D) ought to be making contact with 
one of the spark plug leads just as the in¬ 
terrupter points are breaking. See page 
296 explaining connections to distributor. 

Distributor is usually attached to the mag¬ 
neto—when operated with & magneto, either 
of the low or high tension type. 

The distributor is usually made of hard 
rnbber insulation material with metal seg¬ 
ments (see page 268). The rotor with 
brush revolves by means of a gear wheel 
twice the size of gear wheel on armature, 
(fig. 1, page 269.) 

Armature for a four cylinder magneto, 
would revolve at engine crank shaft speed 
and make 4 sparks during the two revolu¬ 
tions of the crank shaft. 


The distributor however would revolve 
once and make 4 contacts during two revo¬ 
lutions of the crank shaft—hence reason for 
larger gear on distributor. 

On a six cylinder engine the armature re¬ 
volves iy 2 times to one revolution of crank 
but distributor is geared to turn one-half 
the speed of crank shaft, or one complete 
revolution to 2 revolutions of engine crank 
shaft, (see pages 306, 295 and 294.) 

There are two kinds of contact arrangement! 
on a distributor; the ’’gap-type” as explained on 
pages 247, 245, 812, and the “brush type" as 
per fig. 2, page 259. 

It must be remembered that while we are re¬ 
ferring to the magneto distributor of the true 
“high tension type magneto”—to show the parts 
of a “high tension distributor”—the distributor 
used with the low tension magneto and separ¬ 
ate coil (page 260, fig. 8), differs only—in that 
on a true high tension magneto—there are two 
windings on armature which takes the place of 
the separate coil. 


Low Tension Magneto and High Tension Ooil 
With a Battery to Start on. 

The system described in chart 122, fig. 3, 


which uses a low tension magneto in connec¬ 
tion with a high tension coll, Interrnpter and 
distributor, would not be satisfactory—for 
the following reasons: 

The magneto is a mechanical source of 
electric supply. In order to produce elec¬ 
tric current, it is necessary to revolve the 
armature. When the armature revolves, cur¬ 
rent is generated, but if revolved slowly the 
current is weak. Therefore it is natural to 
assume that by merely cranking the engine 
by hand very little current will be gener¬ 
ated. For this reason, a battery is provided 
to start on, as the source of supply is then 
constant* no matter if engine is cranked slow 
or fast. 

After engine is started, then the switch 
is placed on the magneto side and the mag¬ 
neto supplies the current to the high ten¬ 
sion coil. 

This system would then be called a 
“dnal” system. Meaning a dual or second 


ignition system is added, but using the same 
set of spark plugs. 

There are two ways of using a battery to 
start on, in connection with a low tension 
magneto; one method would be to have a 
separate high tension “vibrator” coil, com¬ 
mutator and battery, as per chart 124. 

Another method would be to merely add 
the battery as per chart 123. 

With this latter system, there is but one 
high tension coil. The only addition to our 
system first described in fig. 3, chart 122, 
would merely be a battery. 

This, of course, would require special con¬ 
nections and be rather complicated, but will 
be made perfectly dear if reader will refer 
to chart 123 and study it carefully. 

The system described in chart 124, is in 
reality a true “dual” system, because there 
are two separate and independent ignition 
systems, but only one set of spark plugs. 

The system shown in chart 123, however, 
is simpler and was formerly extensively used. 


•Note term—’’high tension” distributor—although in this instanee it Is placed on a “low tension” 
magneto it is used for the same purpose as used on a high tension magneto—page 268—In both ia 
stances to distribute high tension current to the spark pings. 
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Michigan Low Tension Magneto 
and High Tension Coil. 

The purpose of these illustrations is to show 
how the interrupter on the magneto can also per¬ 
form this function for the battery, which has bees 
added to the system. Note that the current from 
the magneto is connected to contact (19) of the 
coil box. 

We will now briefly outline the path of the cur¬ 
rent from both sources, and trace them from start¬ 
ing point, all the way through and return, fig. 23. 

Battery circuit: When switch blade (X) on eofl 
box it* on the battery side, the path of current 
would be; from the 4- side of battery, to terminal (2)—then to contact (3) through switch to (4 )—tkm 
through primary winding (5) to ground connection (6)—thence to ground terminal on coil box (7). 
From here it leads to wherever the coil is grounded (in the illustration it is shown directly on the mag 
neto, at 8). Now aS the interrupter arm (A) is grounded also, it follows that current will flow to it 
then through breaker points, then to B, 9, 10 and on to negative terminal (11) of battery. 

Magneto circuit: After engine is Btarted the switch is thrown over to magneto side, this cuts out 
the battery, and current will then be taken from magneto, which is a low tension type. 

Beginning at the terminal (18) on magneto, the path leads to terminal (19) on coil box—thence to 
contact (20-21) through switch ( X) to (4) and then follows the same route as the previous current up to 
ground connection (8). Now since one end of armature coil is grounded, current will flow through it 
and to starting point. 

It yet remains to be explained, how the Interrupter performs its duty. Notice another contact (21) 
close to contact (20). Switch lever (X) connects these two contacts and thus opened another path 
vhereby current reaches contact (28) thence through circuit, to (9)—then to contact (B) and breaker 
points, to (A) whenever the cam is in such position as will allow points to be in contact 


Starting on ignition: Sometimes, the engine can be started by pressing a button on "starter 
switch." (see flg. 25) a few times in rapid succession. This button is represented in the diagram as 
(22) and is mounted on a spring tongue, which, when pressed in, makes contact with (GB). The switch 
will have to be on battery side of course, and current will be made and broken by the pressing in and 
releasing the starter button. One of the pistons must be in the right position and ready to Are, and. most 
usually is; about seven out of ten times. A charge of gas must also be in that cylinder. A charge or gas, 
or part of a charge will remain in a cylinder quite a long time if rings are tight and precaution taken to 
draw in a full charge by opening throttle and speeding engine just before it stops. 

The high tension circuit from secondary winding of coil is shown in figs. 23, 25. Condenser, not 
shown, is connected around interrupter points per page 274, but is in the coil, per below. 


I 

l 


Splitdorf Model D Low Tension Magneto and Coil System. 



Sputdorf dual system—using a low tension magneto and high tension coil with battery to start oa 
and magneto to run on: The contact breaker on magneto is utilized for either battery or magneto sys¬ 
tem. The primary circuit through armature however, must be opened to prevent battery from de-mag- 
natizlng the magnet, when battery i. need. Jto«neto circuit: from A to .witch blado <W). 

through connection (0) to primary wire of oofl, 
through ground G1 and G8, to armature. 
breaker points (P) it will be noted are connected 
or shunted across the magneto primary circuit. Til 
circuit proper, is through armature and circuit 
breaker and the coil primary winding receives only 
the kick of the armature (extra current) when con¬ 
tact points open. It will be noted battery circuit is 
open at switch. 

Battery circuit: switch blade (W) should now be 
on B side connecting the two terminals, and magneto 
terminals on (M) side are open. Current travels 
from top of battery to switch point, to primary wind¬ 
ing of coil, to ground G1 to G2, thence through in¬ 
terrupter points (P) to (lower connection) battery. 
Note armature is cut out entirely but not interrupter. 

High tension current is distributed from secondary 
winding on coil to brush (B) on distributor, thence 
to spark plug center electrode, thence through spark 
gap to plug phell ground (G) of engine and frame 
back to coil where primary and secondary connect. 
Condenser, although located in coil, if circuit is traced it will be observed that it "bridges" the points 
of contact-breaker just the same as on page 274. See page 273 for principle of magneto condenser. 


IABT HO. 128—A Low Tension Magneto with a High Tension Coil—with the Addition of a Bat¬ 
tery to Supply Current to Start with. After engine is started the magneto supplies the 
current. (Michigan System formerly used on Regal). Splitdorf Dual System. 
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Tig. 1. “Shuttle” type magneto, with a single 
••primary” winding or low tension armature. Dis¬ 
tributor, distributes current for the “coil system” 
and “magneto system” independently. Note mag¬ 
neto base is grounded to frame. 

This System, the title which is given under this 
chart, Is the system formerly used on older models of 
the Packard. Although it is out of date, we show 
same as an example of how a low tension magneto is 
used In connection with a high tension coil for one 
system and a high tension coil and battery is used 
for the second system, thereby forming a “dual sys¬ 
tem Of ignition.” 

The low tension current from the magneto enters 


I g 


Fig. 2. High tension 
coil without vibrator, 
used with the “magneto 
system.” 


Fig. S. High tension 
coil, with vibrator, used 
with the “coil and bat¬ 
tery” system. Note 
the commutator is used 
with this system, but 
not with the magneto. 


the primary winding of the magneto coil fig. 2, at the 
post P. R., and leaves it at post P. M., returning to 
the magneto through the “ground” You will readily 
see what an important port the wire connecting post 
P. M. with the screw on the rear cylinder has to per¬ 
form. It is the common path for all of .the current of 
both systems. 

The high tension current thus induced in the sec¬ 
ondary winding of the magneto coil (fig. 2), follows 
exactly the same path as described in connection with 
the high tension battery current from post “B” 
through the distributor arm and plate of the mag¬ 
neto to the respective spark plugs, and back again to 
the magneto coil through the “ground” and post P. M. 

Whenever the engine is running, the magneto is de¬ 
veloping current, ft only passes through the magneto 
coil, however, when the switch is thrown to magneto 
aide. With the switch in any other position the cur¬ 
rent is grounded without passing through the primary 
winding. v 


The battery current passes through the battery coil, 
fig. 8, and the contact for this battery and coil is made 
by a “commutator,” operated from the cam shaft. 
This practically makes two systems of ignition using 
but one set of spark plugs; therefore. It is called a 
“dual” By stem ignition. 

The battery and coil primary current; starts at the 
positive pole of the battery, the current follows the 
connecting wire to the post on the coil marked P. P. 
At this point it enters and passes through the primary 
winding of the battery vibrator coil, fig. 8, coming out 
again at post marked P. M. and along the connect¬ 
ing wire to the ground connection on engine frame. 
The only path by which .it can return to the battery 
is through the contact shaft, and roller to one of the 
binding posts, and by means of the metal connecting 
strap to the wire running to the negative terminal, the 
circuit being complete at each time the roller in the 
contact box passes over one of the metal contact 
pieces. 


The interrupter mechanism of the magneto is located 
at the end of the armature shaft (lettered “make and 
break”) ought to have been lettered “intemlpter,” 
aa it interrupts the flow of current. 

The coll box in the center of the dash contains two 
coils. Each coil is a complete unit in itself. The right 
hand coil, fig 3, is for battery current, and is fitted 
with a single vibrator. The left hand coil is for mag¬ 
neto current, and has no vibrator. 

The switch has three positions. Turn to the right 
for battery, turn to the left for magneto current, and 
tarn to a vertical position for neutral (no current). 
On the upper side of coil box are four binding posts: 
P. P. brings low tension current from the battery. 
P. R. brings low tension current from the magneto. 
B. transmits high tension current from both systems. 
P. M. is a common ground wire for both kinds of cur¬ 
rent from both systems. 

The low tension current from both the battery and 
magneto, though of good amperage (volume), is low 
in voltage (pressure). The two coils receive from the 
battery r magneto their respective low tension cur¬ 
rents and deliver currents of high tension. 


The high tension current: Whenever this low ten¬ 
sion circuit from the battery is completed, as above 
described, a high tension circuit is induced in the sec¬ 
ondary winding of the battery coil. The high ten¬ 
sion current leaves the coil at post “B” to the central 
post at the top of the distributing plate on the mag¬ 
neto, thence to the distributor brush, which revolves 
to the left (see fig. 1). 

The current then travels through the distributor 
brush to segments, thence to spark plug connected 
with segment on which the distributor brush makes 
contact. The secondary current returns from metal 
shell of spark plug to “ground” and back again 
through engine frame to post P. M., thence to the 
battery coil, fig. 3. 

The battery current Is generated by chemical action, 
and is ready to flow the instant the circuit is completed. 
It is, therefore, particularly useful for “starting on.” 
It is only necessary to break the circuit to stop the 
flow of the current. 

The vibrator operates only when the low tension 
current is passing through the primary winding of the 
battery coil. 


The battery and coil system: is used for starting the Condenser in coil fig. 2, protects interrupter points of 
engine, and for reserve. There is a storage battery, magneto and in fig. 3, protects coil vibrator points, 
which also provides a low tension “direct” current. or both. 


OHABT NO. 124 —Example of a “Dual” Ignition System; employing a “vibrator” coil with batter? 
to start on and coil “without vibrator” and low tension “magneto” to run on. The on< 
distributor on magneto distributes the high tension current to the spark plugs. 

Note—chart 125 omitted (error in numbering). 
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Illustration showing how a high tension coil is 
used in connection with Remy low tension 
magneto. (G—ground.) 



Pig. 4: The K. W. low-tension magneto used in 
connection with a master-vibrator coil. 



The Remy Low-Tension Inductor 
Type Magneto (Model R L). 

The principle is similar to the K. W. fig. 8. 

256, except the Remy rotor is a half-rotor, whereas 
K. W., both ends of rotor are utilized. The Remy pro¬ 
duces 2 impulses per rev. and the K. W. 4 per rev. 

Fig. 1: Remy rotors (L) which revolve and the sta¬ 
tionary single primary winding. 

Fig. 2: Remy inductor or rotor in maximum post-! 
tion, similar position as fig. 8B, page 256. 

Fig. 3: Remy contact-breaker. The points (P) 
should *have a clean surface. Dirt and grease should 
not be allowed to accumulate. 

If engine misses with spark retarded at slow speed, 
adjust the contact screw (B) out a few notches. 

If engine misses with spark advanced at high speed, 
adjust the contact screw in a few notches. 

On all magneto ignition systems adjust spark plug 
points not over .025" or %oth of an inch apart. 

The contact-breaker is used on this magneto jnst the 
same as on a shuttle type magneto armature; to inter¬ 
rupt the flow of current in the primary winding. 

To time the armature, place rotors just the same as 
a shuttle type armature. 

The K. W. Low-Tension Inductor Type 
Magneto and Master-Vibrator. 

Fig. 4: The K. W. inductor type of low tension 
magneto, used with a master-vibrator. Dry cells as 
a source of supply for starting When switch lever is 
on the left, or (B) side. Magneto is used when switch 
is on (M) side. See page 230 for “master-vibrator.” 
Also page 256, fig. 8, for inductor type of armature 
used on this magneto. Note the vibrators on dash ceil 
are short circuited, per fig. 2, and are not used on the 
multiple dash coil to the right, as the one vibrator oa 
the master-vibrator coil does the vibrating for the 4 
coils—see pages 230 and 265. 

The Oscillating Type Magneto. 

Figs. 1 ft 2: This type is a regular shuttle or arma¬ 
ture type magneto and is the original magneto prin¬ 
ciple, designed for slow speed engines. The armatnre 
does not revolve but oscillates back-and-forth from posi¬ 
tion 1, to 2 (30°). 

It can be used with an igniter arangement, fig. l, 
which is similar to fig. 1. page 260—except the igniter 
rod is actuated by lever (L) on magneto, which is 
tripped by trip (J). It can also be used with a mag¬ 
netic plug as shown in fig. 2. 


The Magnetic Plug. 

Fig. 5: The principal parts of the magnetic plug are. mag¬ 
netic coil 5, pole-piece 2, interrupter 20 and contact piece 
on plug shell 21. Plug is screwed into cylinder. Principle; 
owing to sudden flow of current through coil (5), the upper 
portion of hammer bar (1), called the armature, is attracted 
to pole-piece (2), which effects a quick separation of contacts 
20 and 21 producing a spark at these points. 

Fig. 4: Illustrates how the magnetic ping is used in con¬ 
nection with a low-tension magneto (type “K4** Bosch) with 
a revolving armature, with a main and auxiliary winding, 
one being a continuation of the other, and a distributor for 
connections to the magneto plugs. This system is termed the 
Honold system and is for 2, 3, 4, 6 and 8 cylinder engines. 


Magnetic plug 
used with low- 
tension oscil¬ 
lating* type 
magneto. 
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CHART NO. 126—Inductor Type of Low Tension Magnetos; one giving two impulses per revolatioa, 
the other (fig. 4) giving four impulses per revolution. The Oscillating Type Magneto. ““ 

Flog. See page 924 for Remy magneto circuits. 

*4#—Charts 125, 127 and 128 omitted (error in numbering). 
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♦Low Tension Magneto with “Inductor” Type of Armature. 


In the foregoing matter we have dealt 
entirely with the low tension magneto using 
a “shuttle” type of armature with its pri¬ 
mary winding, all of which revolves between 
the magnet poles. 

There is another type of armature called 
the “inductor” type. This armature differs, 
in that the primary winding, fig. 1, chart 
126, remains stationary, whereas, the induc¬ 
tors (L) revolve; principle is explained in 
chart. This type of armature generates 
“alternating” current of low tension, and 
must be connected with an interrupter, when 
used with a coil. In fact, the same prin¬ 
ciple is usfcd as with the shuttle type arma¬ 
ture. It gives two impulses per revolution. 
The voltage is of low tension or about 6 
volts. 

Another type of “inductor” armature to 
that shown in fig. 1, chart 126, is used in 
the K. W. low tension magnetos. This 
armature is illustrated in fig. 8, page 256. 
Note the inductors are similar to the Kemy 
shown in fig. 1, chart 126—except the K. W. 
uses both ends of rotors, whereas Re my one 
end, but rotors 180° apart. Instead of the 


inductors or rotors on the K. W. being 
placed so that two impulses are given per 
revolution; note the position and method 
the inductors are arranged. With this ar¬ 
rangement, the inductor cheek would break 
from the pole of magnets every quarter 
revolution. Therefore, there would be four 
positions when the current would read maxi¬ 
mum, or four Impulses or sparks per revolu¬ 
tion (figs. 9 and 10, page 256). The volt¬ 
age of primary winding is about 6 or 8 volts. 

This type of magneto is shown connected 
to a “master vibrator coil” systelh as per 
fig. 4, chart 126. The speed of this arma¬ 
ture is about 3,000 revolutions per minute. 
It is not geared at a fixed speed as the 
shuttle type armature, but because it gives 
twice the number of impulses per revolu¬ 
tion, and by running it at a very high rate 
of speed, generates an alternating current, 
the changes taking place so rapidly, it is 
almost continuous. fThis is one type of 
alternating current generator which would 
light lamps and operate with a vibrator coil, 
but it would not recharge a storage battery. 
A storage battery can only be charged with 
a true continuous or “direct” current. 


4:The Ford Magneto—an 

Another form of a low tension magneto 
with an “inductor” type armature Is the 
Ford magneto. The Ford magneto gener¬ 
ates a low voltage also, of about 6 volts or 
slightly more, owing to the speed.** The 
current generated is 1 * alternating . 9 9 



This is also called an Inductor type of 
armature because the coils of wire called 
the “stationary armature,” remain station¬ 
ary and the inductors or magnets called the 
“rotating field” revolve. 

Instead of there being two impulses per 


“Inductor” Type. 

revolution, there are sixteen impulses per 
revolution, because there are sixteen coils 
and sixteen inductors or magnets. 

In other words, each revolution of the fly 
wheel, to which the magnets are attached, 
means one revolution of the crank shaft. 
There are 16 positions of the magneto when 
the current output is at its maximum height 
and each of these positions is called the 
peak of the current wave. There are, also, 
16 positions during which no current is flow¬ 
ing at alL Each of these is called the neu¬ 
tral position and each is half way between 
two peaks. Therefore, every sixteenth of a 
revolution of the magneto a position is 
reached when no current is being gener¬ 
ated and are termed “dead points.” 

Each alternate peak is of an opposite 
polarity; that is, there are 8 positions in 
each revolution when the current flowing 
from the magneto winding to the spark coil 
is positive and between these positions are 
8 other positions when the current is nega¬ 
tive. 


Relation of the Low Tension and High Tension Magneto. 


We have now dealt with practically all of 
the low tension types of magnetos in general 
use. The true form of low tension magneto 
from which we will produce a high tension 
magneto, is the type using the “shuttle” 


armature which revolves between horse 
shoe type, permanent magnets. 

The high tension magneto which will be 
treated in instruction No. 22, is merely a 
modiification of the above mentioned “shut¬ 
tle” type armature magneto. 


*Note—These systems are now seldom used for automobile work, but are shown in order to give 
the reader the information and to bring out the less understood points. 

**See the Ford Supplement pages 805 and 770. for * 'relation of speed of Ford magneto to voltage 
generated.’* $The Ford inductor type magneto will light lamps and supply current for a vibrator type 
coil, but voltage varies considerably. The Ford magneto will not charge a storage battery, because the 
current generated is alternating. A rectifier is shown on page 809, which could be used with a Ford 
magneto. 
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Magneto Principle of Operation. 


As previously stated a low tension mag¬ 
neto can supply current for a separate high 
tension coil, or a low tension “make and 
break” Ignition system.* ** 

The low tension magneto has but one 
winding on the armature called the pri¬ 
mary winding. A high tension magneto has 
two windings on the armature, a primary 
and a secondary winding, therefore when it 
is used, the high tension coil is dispensed 
with entirely. The high tension magneto 
is treated in the, next instruction. Our 
explanation here, of magneto principle will 
be confined to the low tension magneto. 
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Fig. 21 shows a sec¬ 
tional view of a low 
tension magento, 0 is 
the primary winding 
on the shuttle type of 
armature, of which 
there are several lay¬ 
ers of coarse copper 
„ insu 1 a t e d 

(only 




wire 


one layer 
shown). 
gwoundco it This wire 

-1 — -I con n e c t s 

with a contact-breaker P and G. This con¬ 
tact-breaker would be in the form of an 
igniter (M) per page 260, fig. 1 and Inside 
of the cylinder—if of the “make and 
break” system and a true low tension igni¬ 
tion system and part of the circuit would 
be grounded. 

If system consisted of a low tension mag¬ 
neto and high tension coil, per fig. 3, page 
260. then the contact-breaker G & P above 
would be mounted on end of armature 
shaft and the circuit would be opened at 
the correct time, producing a spark, by a 
cam on end of armature shaft. The two 
circuits of above systems can be traced 
on page 260. 


The circuit of a magneto system is a 
closed circuit, that is, the primary wind¬ 
ing is closed and the circuit opened by the 
cam only at the correct time, which is just 
as the armature passes vertical position, at 
which time the greatest energy exists in 
the circuit, called maximum position. 


With magneto Ignition, current la generated and 
stored In the winding during the time it la closed. 
When this storage Hmit has been reached the in¬ 
terrupter opens the closed circuit and the stored 
energy is transmitted to igniter points or pri¬ 
mary of high tension coil—in a similar manner 
as the holding a water hose closed and releas¬ 
ing it suddenly—the pressure is greatest just as 
it is opened. 


In other words the spark Is produced by 
the change from closed circuit to open cir¬ 
cuit when the contact-breaker is opened by 
the cam. This break is made very quick 
and in order to get the hottest spark at 
the points of spark plugs or igniteT, the 
opening should occur when armature is in 
maximum position. If the opening occurs 
earlier or later than maximum, then the 
intensity of spark is weaker (see page 309). 


The correct time for the contact points to 
separate and open the circuit and produce 
the hottest spark, is when armature is just 
passing vertical position, or armature cheek 
or face has just broken away from the pole 
tips, as shown in e, fig. 7, page 267. 

If you turn an armature by hand in direction 
of rotation, you would find that there is a very 
strong magnetic pull to armature just as the arma¬ 
ture cheek breaks from the pole tip, or about 
Vi.6 in., which at this instant, the contact points 
(P) should separate and at this time the spark 
is at its best or maximum strength—(see foot 
note bottom page 309). 


Impulses. 

♦♦With the average shuttle type armature 
magneto the maximum position is reached 
twice during one revolution of armature, 
which times are called jdmpulses. « 

For example, refer¬ 
ring to fig. 20, note 
armature is in a 
horizontal position 
and the IE. M. F. 
(electro - motive - 
force) is at zero. 
When armature 
travels 90° or M 
turn in direction of 
rotation, it is in a 
vertical position 
and technically this 
is the maximum 
position and where 
contact breaker 
points should sep¬ 
arate. Note the E. 
M, F. has reached 
its highest peak. 

But owing to the 
fact that the cir¬ 
cuit is a closed cir¬ 
cuit in which cur¬ 
rent is flowing, the 
inductance of the 
coil and the arma¬ 
ture reaction of coil 
combined produce 
a hindering effect 
that produces a 
more even change 
of flux and makes 
maximum position 
of armature occur 
a few degrees later. 

The illustration fig. 20, shows the open circuit 
voltage wave under ideal conditions, whereas the 
current wave fig. 30, would be broad and flat, 
^ hich allows for more sparking range. The be¬ 
ginning of this sparking range comes after the 
armature cheek separates from the tips of the 
pole pieces, therefore is strongest just as the arma¬ 
ture cheek breaks from the pole tips. 

Note voltage polarity changes at A and O. fig. 
20, whereas the current polarity changes at B and 
D, fig. 30. 

Two Sparks Per Revolution. 
Alternating current is produced because, 
during each revolution of armature 860*, 
there is generated and stored in the pri¬ 
mary winding of the armature two electri¬ 
cal impulses in opposite directions. 

For instance, from horizontal position (fig. 20). 
to horizontal position again, armature has turned 
% revolution or 180°—the voltage (e. m. f.) 
polarity is in a positive direction. During the next 
180° or % rev. it is in a negative direction. There¬ 
fore daring one revolution of 360° the direction 
is changed twice and two maximum sparks can be 
produced. / 
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Fig. 30 Current Were 


*It would appear as if the “make and break” system would bo the simplest, which it is, but movable 
contact points in cylinders exposed to intensity of the heat soon gets out of adjustment. 

**On some magnetos for 8 & 12 cylinder aero engines thepole pieces are arranged so that 4 maximum 
positions are reached per revolution—see page 922. The K. W. magneto, page 256 also pro¬ 
duces 4 maximum positions or sparks per revolution. {Refers to voltage, see page 207. 

|The word impulse Is also used in connection with the ignition of gas in cylinder; for instance, when 
the explosion takes place in cylinder the piston receives an “impulse.” 
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The cam: As the change take* place twice dar¬ 
ing one revolution of the armature it is neceesa^ 
that a two point cam be used on the contact- 
breaker in order to break the contact twice dur- 
one revolution—see pages 267, 259 and 261. 

To set the magneto: As stated, the point at 
which the armature cheek is just breaking from 
the pole is the correct position to set the magneto 
ar ma ture——and at the same time the interrupter 


points should just separate—both operations should 
occur at the same instant, (see page 809.) 

Advancing and retarding: These cams made of 
steeP are in a casing, and by having this casing 
made so that it can be moved through say, the 
one-tenth part of a, circle—the time of the inter¬ 
ruption of current can be advanced or retarded 
with relation to movement of armature. This 
means the spark will occur early or late, relative 
to movement of pistons, (see page 809.) 


How Current 

A permanent magnet is made of hard steel and 
retains its magnetism* Its magnetic influence ex¬ 
tends from one pole to the other, which is called 
the magnetic field as shown in fig. 2. 



The magnetic lines of force always flow N into S 
pole. If a bar of iron be placed between the 
poles (NAS), or in the magnetic field, fig. 8, the 
magnetic lines of force will travel freely through 
the iron, it will be an easier path, because the 
air gap between poles offer 280 times the re¬ 
sistance as does iron. The magnetic lines will 
also be greatly increased. 

Therefore a soft iron armature core, curved, so 
it will revolve freely but as close as possible to 
the pole pieces (soft iron also), is placed between 
the pole pieces of the permanent magnets. A coil 
of insulated copper wire is then wound on the H 
section of armature core—see fig. 4. 


Cutting Lin68 of Force. 


If a piece of copper wire in* the form of a closed 
loop, is moved down quickly past the pole of a 
magnet, it will cut the lines of force down and a 
momentary current is 
generated in the wire, 
flowing say, from T to 
S, and if connected to 
a galvanometer (G), 
needle will be deflected 
to one side, from sero. 

If wire is moved up, 
outing lines of force 
up, another momentary 
current will be gener¬ 
ated in the wire but 
in an opposite direc¬ 
tion, from S to T, and 
needle will be deflected to the opposite side of aero. 



The momentary Induced current is greatest 
when wire is moved so as to cut the magnetic 
lines of force at right angles—applying this prin¬ 
ciple to the coil of wire on magneto, the coil 
would be cutting the greatest number of lines of 
force when in position 6 to 7—or when it is mov¬ 
ing at right angles to the lines of force. 

The electric current in the wire depends upon 
the E. M. F. (electro-motive-force) causing it to 
flow—therefore E. M. F. is generated in wire when 
it is made to cut the lines of force, and a cur¬ 
rent flows when it is complete, due to the gener¬ 
ated E. M. F. The faster the coil cutB the lines 
—greater will be the E. M. F. generated. 

The generated E. M. F. also depends upon the 
strength or quantity of magnetic lines of force; 
the speed or rate of lines cut per second; the 
number of wires cutting the lines—therefore sev¬ 
eral layers of wire are used on the armature. 

Eeferring to fig. 4, the coil is not cutting any 
of the lines of force—the lines are passing freely 
through armature core from N to S-—therefore e. 
m. f. (voltage) strength is at zero. 


Fig. 5: The L side of coil is starting to cut 
the lines of force up, and right side of coil (B) 
Is cutting down— E. M. F. is gradually increasing 
in coil. Lines flowing down through core N to S. 


is Produced. 



movement 


Figs. 6. 7: In this position the coil is cutting 
the greatest number of lines at right angles—the 
lines have followed an easier path and are pass¬ 
ing through the ends of armature core-^-none 
through center or through coil—the generation of 
energy has reached its maximum and is stored 
in the wire—the actual tflux in the core is now 
at sero. The thing that is most important is, 
not the amdunt of flux that is flowing through the 
coil at any instant that is of importance to the 
generation of current, but rate &| which this flux 
is made to pass from one path to the other as it 
changes from out of coil into it again. Therefore 
from position 6, when all flux is out of core or 
center of coil, to position 7, when the flux starts 
to pass through core or coil in an opposite direc¬ 
tion (fig. 7) represents the greatest rate of change 
and is the time for the contact points to open, at 
which time, is the practical maximum position. 

Fig. 8; the lines of force (flux) are now pass-' 
lng through armature in a reverse direction to 
what it did in fig. 5, but voltage polarity is still 
same direction, because the L & R side of coil is 
still cutting lines of force in the same direction— 
but as coil is cutting a lesB number of lines, the 
e. m. f. weakens as it travels to zero position again. 

Fig. 9: Armature has turned Va revolution. Vo 
lines are being cut, voltage (e. m. f.) strength is 
at zero, but current still exists without genera¬ 
tion—due to the storage capabilities of the arma¬ 
ture windings. For instance, if we consider the 
magneto as a sort of pump and reservoir on short 
circuit, we can see why the reservoir can be full 
even though the pump has stopped. 

The reader must bear in mind that there are 
two phenomena in connection with the magneto; 
one is the voltage peak or maximum voltage fig. 
20, and the other is the current peak or maxi¬ 
mum current fig. 30. These two peaks are not 
in unison. The current peak lags behind the volt¬ 
age peak as much as 90°, when armature gets up 
to speed. This is the reason why there is a strong 
current flow even though the voltage wave is at 
zero. As armature moves from position fig. 9, the 
same cutting proceeds as before, but as the R and 
L side of coil will now cut lines in an opposite 
direction, the voltage polarity will be in opposite 
direction for the next half revolution. 


•A permanent magnet will retain Its magnetism a long time if a keeper is kept on ends of polesr--8ee 

page 303. The armature on a magneto, when in a horizontal position acts as a keeper see page 802. 
An electro magnet is a magnet consisting of an iron core around which is wrapped wire, When 
direct current is passed through wire the iron core becomes a magnet—if flowing in one direction. Soft 
iron cores are used, as it quickly loses its magnetism when current ceases flowing. 
fMagnetlc flux is the total number of lines of force flowing through a magnetic circuit. 
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Fig. 3—Longitudinal Section Thtough High Tension Magneto, 


OHABT NO. 129—Primary and Secondary Circuit of a High Tension Magneto. Armature is kaowi 
as a compound type, meaning double wound. It revolves with its wire winding. 

[ole— The distributor brush (Z) is revolved by a gear (W) which is revolved by a gear (X) on armature. 
Type DU4 Bosch.) 

IkArti 127 and 12R omittad ferror in numbering). 


Tig. 1—Diagram of Connections of a High Tension Magneto. 


Kanes of Principal Farts. 

8W—Secondary winding of 
wire over the F\V primary 
winding. 

O—Collector ring. P—Brush 
carrying high tension current 
to the base of distributer 




be current is then distri¬ 
buted to the four plugs through 
distributer arm. (2) to the 
terminals (T). 

22—is the spark gap. J— 
Condenser. 8-—is insulated 
base of distributer. 

See Chart 13 0 for other 
parts, cross section of which 
can be seen in Fig. 2. this 
Chart. 
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INSTRUCTION No. 22. 

THE HIGH TENSION MAGNETO. Description; Construction, 
Parts. Combinations of Dual and Double Systems. Wiring 
Diagrams. Leading Magnetos. Four Ignition Systems on 
one Engine. 


Preliminary 

The high tension magneto is not only a 
mechanical generator or a substitute for the 
battery, but combines all the elements of a 
complete ignition system, except the plugs 
and switch. 

It performs three separate essential func¬ 
tions as follows; generating current; trans¬ 
forming the current to a high pressure; 
distributing the high tension current to the 
Individual cylinders. Besides these main 
functions, a number of minor functions 
have to be performed. The high tension 
magneto differs from the low tension mag¬ 
neto in only a few particulars. 

Armature winding: The armature on the 
high tension magneto is wound with an ad¬ 
ditional winding, called the * 1 secondary wind¬ 
ing, 99 whereas the low tension magneto has 
but one winding called the primary winding. 

Instead of using a “separate” high ten¬ 
sion coil, this second winding on the arma¬ 
ture of the high tension magneto takes its 
place. (Bee figs. 1 and 2, chart 129.) This 
secondary winding is carefully insulated 
from the primary winding, except at one 
end, where both it and the primary wind¬ 
ing are grounded. (P W) is the primary 
winding, and (8 W) is the secondary wind¬ 
ing (fi£. 2). One end of (8 W) is led, care¬ 
fully Insulated, to a collector ring (0) 
mounted on the armature shaft, and a cor- 
bon pencil or brush (P) rubbing on this 


Description. 

collector ring takes off the secondary cur¬ 
rent and leads it to distributor brush (Z). 

The other respect in which this type dif¬ 
fers from the low tension magneto in that 
the condenser which Is employed in connec¬ 
tion with the Interrupter is usually built 
into the high tension magneto' (J fig. 2) 
whereas with the low tension magneto, the 
condenser is in the separate high tension 
coil. The condenser is usually, though 
not necessarily located on the armature shaft 
in order to get it as close to the interrupter 
as possible, and it is there shown in fig. 
1, chart 129 (J). In some magnetos, for the 
sake of greater accessibility and other rea¬ 
sons, the condenser is located outside the 
armature in a stationary sealed box. 

The purpose of a condenser in explained 
in chart 109. 

Owing to the fact that the secondary 
coll of the high tension magneto Is located 
on the armature Itself it follows that it 

not only receives an induced current, due to 
the breakage of the primary current, but it¬ 
self induces a current like that of the pri¬ 
mary coil, but smaller in volume. 

It has the same form of armature, field 
magnets and principle of interrupter as the 
low tension magneto, but varied construc¬ 
tion. The armature-coil, however, is differ¬ 
ent, having a primary winding with a sec¬ 
ondary winding over it. 


♦Construction. 


The high tension collector ring (O) per¬ 
forms for the high tension current the same 
function that the spring (8) at the end of 
the armature shaft in fig. 5, page 258, does 
for a low tension current. That is, in this 
instance, it conducts the high tension cur¬ 
rent from armature to the distributor. 

The collector ring is hard rubber with a 
brass ferrule (O) surrounding it, against 
which ferrule a heavily insulated stationary 
carbon pencil (P) bears. The hard rubber 
spool has wide flanges for the purpose of 
preventing the high tension current from 
escaping, by giving it a long path to travel 
from the brass contact ring to the shaft. 
As hard rubber is much more resistant than 
air, the current tends to travel over the 
surface of the spool instead of striking 
through it. 


♦♦The distributor: It has already been 
explained how the high tension current is 
induced in the secondary or fine wire wind¬ 
ing of the armature at the moment the cur¬ 
rent ceases in the primary winding. It re¬ 
mains to explain how this high tension cur¬ 
rent is distributed to the four spark plugs 
of a four cylinder engine in succession. 

The beginning of the secondary winding 
(8 W) (figs. 1 and 2, chart 129) is con¬ 
nected to the end of the primary winding 
at (N), and since one end of the primary 
winding is grounded, the secondary is also 
grounded through the primary. The end of 
the secondary winding leads to an insulated 
contact ring (O), fig. 2, at the driving end 
of the magneto. 

From this ring the current is taken off by 
a carbon contact brush (P). From the brush 


*For example of a high tension magneto, the Bosch, type DU4 as shown in charts 129 and 180 is used. 

♦♦This type of distributor is the * ‘brush” typp, as it makes a wiping contact. The “gap-type” is 
shown in the Berling, page 312, and explained on page 247. 
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Tension Magneto. Cover is over the Dsetji* 
but or and Breaker Box. 


Fig, Z —Front View of the Magneto 
Showing Details of the Circuit Breaker and 
Distributor, 

Distributor Parts* 

T—Terminals to spark plugs. 

Z—Brush. 

U—Segments connected with terminals 
on which brush slides. 

R—Connects with brush P through Q 

m Fig. 2 1 Chart 120, 

Imerrupter Parts. 

A—Platinum point on contact breaker. 
B—Platinum points on interrupter arm. 
h —Spring for holding cover in place. 

G—Cams which raise C. 

Spring which holds A and B in 
place. 

F—Outer shell of housing which is 
shifted for advance or" retard, by 
movement of lever (L). 

K—See fig. 2 , chart 129. 

E—See fig. 2 , chart 129. 


net."* 


3—Cross Sectional View of Magneto. ZZ—Spark gap. Note the pole pieces screwed to end of field waff' 
he dark shaped part on armature represents secondary winding; the light shading, primary winding. 


CHABT NO* 180—Names and Location of Parti of a High Tension Magneto. (Bosch.) 

N is ground terminal. A wire is led from this terminal to a switch which must be open when magneto is in 
operation (see fig. 1, page 268). 
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holder the eurrent is carried through a spring 
contact conductor (Q) to the central distri¬ 
butor contact (B). 

The distributor consists of a disc of in¬ 
sulating material (8), in which are imbed¬ 
ded on the inner side one central cylindrical 
contact-piece (B) and four annular sector- 
shaped contact pieces (TJ TJ U U, fig. 1, 
chart 129). 

The distributor also comprises a shaft 
(V, fig. 2), which carries a gear wheel (W) 
meshing with a pinion (X) on the arma¬ 
ture shaft. The gear wheel (W) has twice 
the number of teeth as the pinion, and 
the distributor shaft (V) therefore makes 
one turn while the armature makes two. 

Distributor speed: The reason for driv¬ 
ing the distributor at one-half the armature 
speed is as follows: The armature as al¬ 
ready stated, turns at the speed of the en¬ 
gine crank shaft. The magneto here de¬ 
scribed is for a four cyliiider, four cycle 
engine. In such an engine each cylinder re¬ 
quires a spark once in two revolutions of 
the crank shaft. 

The distributor is therefore geared so 
that it makes one revolution to two revo¬ 
lutions of the crank shaft and establishes 
connection between the high tension or sec¬ 
ondary winding of the armature and the 
spark plug to each cylinder once in every 
two revolutions of the crank shaft. 

The gear wheel (W) carries a brush hol¬ 
der (Y) containing a carbon brush (Z), 
which is adapted to make contact simul¬ 
taneously wkl) the central distributor con¬ 
tact (B), and with one of the annular dis¬ 
tributor contacts (U).** 

The distributor sectors (U) are surrounded 
at the inside and outside by annular rings 
of a highly insulating material, since they 
carry the high tension current. 

Each of the four annular contact segments 
(U) has secured to it a binding post (T) 
on the face of the distributor disc, and 
each of these binding posts is connected 
by a high tension (highly insulated) cable 
to one of the spark plugs. 

There are numerous methods of taking 
the current from the secondary winding 
on the armature, but in the Bosch a car¬ 
bon brush pressing on an insulated ring 
is adopted, thus allowing the armature to 
rotate freely, and also enabling the induced 
current to be drawn off. 

The distributor is, in effect, a rotary 
switch, especially insulated and provided 
with a number of contacts equivalent to 
the number of cylinders on the engine. 

Magnets and pole pieces: In any stan¬ 
dard magneto made on this principle the 
general construction would be as follows: 
The field magnets consist of two—or usu¬ 
ally three—pairs. One magnet of each pair 


being superimposed above the others. (See 
fig. 3, chart 131.) 

In somd few cases three magnets are 
placed one over the other. The magnets 
arc set to give correct north and south 
polarity. All north poles on one side and 
all south poles on the other side. 

The ends or poles embrace “pole pieces” 
of soft iron bored out to allow the armature 
to rotate quite freely, but very closely to 
the pole faces; in some cases the clear¬ 
ance is only .002 inch. 

The armature: Consists of an armature 
core of soft iron of H-shaped cross sec¬ 
tion; also referred to as a shuttle armature. 
This core of soft iron serves to form a 
bridge for the magnetic flux between the 
pole shoes, and also to carry the winding 
in which the current is induced. 

The armature is, in practically every 
standard type of the well-known “shuttle’’ 
type. The best class machines have the 
armature built up of thin stampings of 
soft iron, each insulated from the other 
by a thin film of varnish. This form of 
construction is known as a “laminated 
armature core. ’ ’ A laminated armature 
core is shown in fig. 6, chart 121, and a 
complete armature wound with double wind¬ 
ing is shown in fig. 1, chart 131. It has 
the advantage over a solid cast-iron core 
in that the electrical efficiency is higher 
through the absence of “eddy” currents 
in the iron core which represent considera¬ 
ble waste of energy and cause heating. 

By breaking up the core into thin sec¬ 
tions, the currents cannot circulate through 
the iron, (spoken of as “eddy currents.’’) 
In the case of a solid core, the iron would be 
annealed to render it as “soft” as pos¬ 
sible, to obtain the uest magnetic effect. 

Armature winding: The armature core 
is first insulated with mica or similar ma¬ 
terial. Then it has several layers of heavy 
insulated wire wound upon it. To the end 
of this heavy wire is connected the begin¬ 
ning of a very fine wire (No. 36 or 40)* in¬ 
sulated with silk, which is wound on the 
core until the slot is filled almost to the 
height of the cylindrical portion, after 
which a wrapping of insulating cloth is 
applied, and bands are put around the cir¬ 
cumference of the armature to prevent 
the wire and insulating material from fly¬ 
ing out* and coming in contact with the 
pole shoes when the armature is rotated at 
high speed. To the ends of the armature 
the steel shaft or spindle is fixed by brass 
end plates. (See fig. 6, chart 121.) 

It will thus be noted that there are really 
two windings on the armature whereas the 
low tension magneto has but one winding 
—an inner winding of relatively few turns 
of heavy wire, and an outer winding of a 
large number of turns of fine wire. 


•The winding of a Bosch DU-4 magneto usually consists of 8 layers of No. 21 insulated primary 
wire and 70 to 72 layers of No. 86 silk covered secondary wire. 

*+8ee foot note bottom of page 269. 
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Armature op a Magneto. 


Pig. 1.—A View of ft Doable Wound High Tension Compound Armature. The Armature is Just the 
same as used in a Low Tension magneto with the exception of there being another winding of fine wire 
over the primary winding. 


One end shows the gear which drives the distributor gear. The other shows the "collector ring" 
and drive end. Note (E) is where one end of the primary wire is grounded. The other end of the primary 
winding connects with condenser, then to screw (see I, Pig. 2, Chart 129). One end of secondary con¬ 
nects to collector ring. The other end connects to primary. C —is the condenser. 



Fig. 2—Photographic View of the Circuit Breaker 
or Interrupter, on the opposite end to collector 
ring. Same type as shown in Fig. 2, Chart 130. 


Fig. 3—The Horse Shoe Blag- 
nets, Pole Pieces, etc. are the 
same principle as used on a Low 
Tension Magneto. 



HAST NO. 131—Parts of the High Tension Magneto. Compound Wound Armature. Migintt 
_Interrupter or Breaker. Pole Pieces and Base. 
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The winding of heavy wire, or pri¬ 
mary winding, serves primarily for gener¬ 
ating the current, and in connection with 
the fine wire or secondary winding, it also 
serves for multiplying the pressure or vol¬ 
tage to such an extent that it will produce 
a spark at the gap of the spark plug in 
the cylinder. Types of armatures are shown 
in chart 132. 

The Interrupter, also called a “ contact 
breaker.** To accomplish this breaking 
of the primary circuit at the proper mo¬ 
ment and then closing it again, a device 
known as a circuit breaker or interrupter 
is used. This is carried on the armature 
shaft opposite the driving end. 

It consists essentially of a stationary in¬ 
sulated contact point (A), (see fig. 4, chart 
131) and a movable contact point (B) on 
one arm of the bell crank (C). Both of these 
parts are mounted on a brass disc. (D), 
which is securely fastened to the armature 
shaft and rotates with it. 

The stationary contact (A) is insulated 
from the supporting disc (D), while the 
movable contact (B) is in metallic connec¬ 
tion with it, and the disc (D) is grounded 
to the frame of the magneto by a carbon 
brush (E). (See fig. 2, chart 129.) 

The circuit breaker is surrounded by a 
cylindrical housing (F), to the interior sur¬ 
face of which, at diametrically opposite 

§ oints, are secured steel cam blocks (G A 

>0 

Ordinarily the two contact points (A and 
B) are kept in contact by a spring (H). As 
the disc (D) rotates, the outer arm of the 
bell crank (C) comes in contact with the 
cam blocks (G), whereby the contact points 
(A and B) are separated momentarily.* 
(Fig. 4, chart 131.) 

As soon as the end of the bell crank 
(O) passes cam block (G) the spring (H) 
brings the two contact points (A and B) 
together again. (Fig. 5, chart 131.) 

The stationary contact block (A) is con¬ 
nected with one end of the primary wind¬ 
ing of the armature, through a screw pas¬ 
sing through the center of the armature 
shaft. (8ee (I) fig. 2, chart 129.) 

The other end of the primary winding 
has metallic connection with the armature 
core; in other words, it is grounded. 

It will now be readily understood how 
the curr e n t flows through the primary cir¬ 
cuit (fig. 1, chart 129). Originating in the 
primary winding (P W, fig. 2) on the arma¬ 
ture, it flows through the contact breaker 
screw (I) to the stationary contact (A), 
thence across to the movable contact (B), 
from which it is led through the contact 
brush (E), into the metallic framework of 
the magneto, whence it returns to the begin¬ 
ning of the primary winding, which is also 
connected or grounded to the frame. (Study 
fig. 1, chart 129.) 


♦♦Condenser principle: When the two con¬ 
tact points (A and B) are suddenly sep¬ 
arated there is a tendency for the current 
to continue to flow across the gap, it pos¬ 
sessing a property similar to the inertia 
of matter. This would result in a hot 
spark being formed between the contact 
points, which not only would burn the points 
away rapidly, but also would prevent a 
rapid cessation of the current, which as 
already explained, is necessary in order to 
effect a rapid change in the lines of mag¬ 
netic force through the armature and a 
high inductive effect in the secondary wind¬ 
ing. To obviate this effect a condenser (J, 
figs. 1 and 2, chart 129) is employed, which 
in the Bosch magneto is placed in a hollow 
of the armature end cover at the circuit 
breaker end, also see chart 132. 

Condenser construction: This condenser 
consists of two sets of tinfoil sheets, sheets 
of opposite sets alternating with one another, 
and being separated by sheets of insulating 
material. All the sheets of each set are 
metallically connected, and one set is con¬ 
nected to the conductor leading from the 
primary winding to the stationary contact 
point (A), while the other set is grounded. 
In other words, the condenser is shunted 
across the interrupter. See fig. 1, chart 129 
and fig. 5, chart 109. 

Such a condenser is capable of absorbing 
an electrical charge, and its capacity is so 
proportioned that it will take up the entire 
charge of the extra current produced when 
the contact points (A and B) separate; that 
is, the extra current, instead of appearing 
in the form of a spark across the gap be¬ 
tween A and B, passes into the condenser 
(J). In this way the objectional arcing or 
burning at the contact points is avoided and 
the current flow in the primary circuit is 
more quickly stopped. 

The safety spark gap principle: There 
remains but one point to describe, and that 
is the safety spark gap (see Z A ZZ, fig- 
2, chart 129). This is practically a safety 
valve for the high tension current. If, for 
example, a wire became detached from the 
sparking plug or from the distributor so 
that the ordinary path of hiffh tension cur¬ 
rent was barred, there would be considerable 
danger of the current forcing a circuit 
through the insulation of the armature, and 
thus doing very considerable damage were 
it not given some easier escape as provided 
by the safety gap. 

▲ magneto must be so designed that it 
will give a sufficiently hot spark at a com¬ 
paratively low engine speed, and the ability 
to do this implies the ability of generating 
very large and hot sparks and enormously 
high tensions at high engine speed. 

The actual electro-motive force or tension 
produced in the secondary winding is, how- 
eter, limited by the size of the spark gap 
in the spark plug, for as soon as the ten- 


•The breaker points on the Bosch are usually set .016 in. gap, spark ping gap .025 in. 

**The condenser increases the volume of spark about ten times—see also page 229. See page 808, 
testing a magneto condenser. 
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* t Gntcut Sreator 

Another simplified illustration of a High Tension Magneto Ignition System, showing 
the circuit of the primary wire winding on the armature and its connection with the 
interrupter. Note the condenser is “shunted” across the interrupter. Another view 
shows the distributor and spark plugs and connections. Dotted lines represent the earth 
or ground connection to frame. 
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Fig. 2. Primary Armature, Single Wound. Fig. 3. Compound Armature, Double Wound. 

Magneto armatures may be classified in two groups, according to the basic principles 
employed in the magneto field to generate the initial electrical impulses. These are known 
as the ARMATURE type apd the INDUCTOR type. 

Armature type.—Electrical current is generated in the armature type magneto by 
revolving several thousand feet of fine copper wire, which is wound around a soft iron 
core, between the pole pieces of the magneto. As the winding rotates within its narrow 
confines, electrical impulses are set up within the winding. 

The armature type magneto may be redivided into two classes. One is called the 
PRIMARY ARMATURE magneto, and the other is called the COMPOUND ARMATURE 
type. 

The primary armature type has but a SINGLE winding in the magneto field and 
generates a low voltage current and is described in Chart 120 as the LOW TENSION 
MAGNETO. 

The compound armature type is the DOUBLE wound armature described previously 
(Chart 131) as the HIGH TENSION, DOUBLE WOUND ARMATURE TYPE OP MAG¬ 
NETO. 

The inductor type of armature is a little different from the armature previously 
described. This type consists of revolving a solid steel shaft, upon which are mounted 
two steel, fan-shaped inductor wings, within a stationary winding in the magneto field- 
(Chart 126.) 

In this type the wire does not revolve or move as it does in the armature on the 
magnetos previously described. The fan-shaped wings and shaft revolve, while the wire 
. remains stationary. 

This type of magneto requires a separate high tension coil (transformer), which 
is placed separate from the magneto, as shown in Chart 123; therefore it would be 
called a low tension magneto with a separate high tension coil. 

The type of magneto using the inductor type armature is the REMY and K. W. make. 


m NO. 182—Another Diagram of a High Tension Magneto Circuit. Magneto Armatures. 
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aion reaches a point sufficient tor jump this 
gap the discharge occurs, and there is no 
further increase in the electro-motive force. 

Suppose however, that the terminals of 
the spark plug are by chance bent unduly 
far apart, or that one of the high tension 
eonnections to the spark plug accidentally 
comes loose, then there would b£ no chance 
for the spark to pass in the ordinary way 
and the electro-motive force in the sec¬ 
ondary winding might build up to such an 
extent as to puncture the insulation of the 
winding which would ruin the armature. To 
avoid this the safety spark gap is provided. 

Safety spark gap construction: It con¬ 
sists of a little chamber formed on top of 
the armature cover plate with a top of in¬ 
sulating material. Into the top and bottom 


of this chamber, spark terminals (Zl, Z2) 
are set. 

The spark terminal in the bottom is, of 
course, grounded, and that in the insulated 
top is connected with a high tension con¬ 
tact brush (P) by a strip connector. 

The gap between the two terminals (Zl, 
Z2) is longer than the gap between the 
spark plugs, and ordinarily no spark Trill 
pass between these terminals, but if ow¬ 
ing to the conditions already mentioned, no 
spark can pass at the regular spark plug 
and the electro-motive force in the sec¬ 
ondary winding attains an abnormal value, 
a discharge will occur at the safety spark 
gap, thereby preventing the secondary elec¬ 
tro-motive force from rising still higher. 


Miscellaneous Details of Construction. 


Some of the mechanical details of the 
magneto may be seen in charts 129 and 130, 
which are three actual views of the Bosch 
model DU4. It will be observed that a 
spring-pressed contact brush (a, fig. 2, chart 
129, extreme bottom) is placed in the base 
cf the magneto bearing against the circum¬ 
ference of one armature end plate. The 
object of this contact brush is to make 
absolutely sure that the revolving metallic 
parts of the magneto are at all times in 
good metallic connection with the station¬ 
ary part and the frame of the car; in this 
construction, therefore, the armature bear¬ 
ings carry no current. 

The armature shaft is mounted in annu¬ 
lar ball bearings (fig. 2, chart 129) (b and 
e), which are provided with oil guards so 
that any lubricant supplied to them will 
not be easily lost or reach the insulating 
parts. The armature tunnel is closed on 
top by an aluminum cover (i) and the 
front of the circuit breaker housing is pro¬ 
vided with a brass cover (g), which is held 
in place by means of a hinged flat spring 
(h), so it can be very quickly removed and 
replaced. 


The distributor shaft is mounted in a 
plain bronse bushed bearing, which is lu¬ 
bricated by means of a wick oiler (e). A 
felt washer (d) encloses the inner end of 
the bearing, while at the distributor end is 
provided a channel (j) for the escape of 
any oil working out of the bearing so it 
will not reach the distributor. A large size 
oil well (o) is provided for the wick oiler 
and is closed by a hinged cover (f) on top. 

A number of other illustrations are also 
shown of the Bosch DU4 magneto, in chart 
130 and 131, which may aid those not fa¬ 
miliar with mechanical drawings to grasp 
the arrangement of parts. 

So far as the above description of the in¬ 
dividual parts and their functions is con¬ 
cerned, that applies to any true high ten¬ 
sion magneto, that is, a magneto having 
both a low tension and a high tension wind¬ 
ing on the armature. 

Each of the elements here described is 
always present, and serves the purpose indi¬ 
cated, though the relative location qf the 
parts varies somewhat. 


To Cut-off the Magneto Ignition—The Switch.. 


It is necessary to be able to stop the 
magneto from producing sparks when it is 
desired to stop the engine. (See fig. 
2, page 270). To this end a sheet metal 
strip (K) is provided which contacts with 
the stationary contact point (A) of the 
eircuit breaker and leads to a binding post 
(M) on the circuit breaker housing. From 
this binding post a wire is carried to a 
switch on the dashboard. One side of this 
switch is grounded. 

When the switch Is closed the current gen¬ 
erated in the primary winding of the arma¬ 
ture flows to contact point (A), thence 
through strip (K), binding post (M), and 
connecting wire to the switch, whence it 


passes through a wire into the framework 
of the car and returns to the beginning 
of the primary winding. The effect of this 
is that the primary winding is “ short cir¬ 
cuited” all the time and the opening and 
closing of the contact points (A and B) 
have no effect. In technical terms, the cir¬ 
cuit breaker Is cut out. 

The flow of the primary current can eas¬ 
ily be followed In the diagram of connec¬ 
tions (fig. 1, page 268) where its direc¬ 
tion when the magneto is working regularly 
is indicated by full arrows, and its return 
path when the magneto is running but not 
producing sparks, is indicated by dotted 
arrows. 
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Pig. l—A “Single” high tension magneto; 
Engine ijB started direct from magneto cur¬ 
rent. Current is distributed to plugs- The 
switch connects to interrupter on magneto 
on one end, and ‘‘ground” on the other. To 
stop magneto, the switch is closed, not opened. 



Fig. 2—A “Dual * system of ignition; 

Either the high tension single coil with bat¬ 
tery (using the distributor on magneto) may 
be used or the high tension magneto alone 
may be used. Only one set of spark plugs. 


The “Double” system of Ignition; 
high tension magneto and a separate 
single high tension coil with a sepa¬ 
rate timer and distributor combined, 
using a battery. 

The positive terminal of the bat¬ 
tery is grounded and the negative 
terminal led to terminal (&) of the 
stationary switch plate. Switch ter, 
minal (1) is tnen connected with 
the binding post located on the 
under side of the timer-distributor 
(T D). The second binding post on 
the timer-distributor, which is lo¬ 
cated on the under side of the tim¬ 
ing control arm, is to be grounded. 

Switch terminal (2) is connected to 
the grounding terminal of the mug- Fig. a.—Bosch “Double” System of Ignition— two nets of 
ne t 0 Spark Plugs and two Independent Ignition Syitaxas. 

The cover of the Timer-Distributor may then be replaced, but a careful note should be 
made of the distributor terminal with which the distributor brush is in contact. This dis¬ 
tributor terminal should be connected to the proper spark plug of the cylinder with which 
the distributor of the magneto is in circuit. The remaining distributor contacts should be 
connected in accordance with the firing order of the engine, and will, of course, be identical 
with the connections of the magneto. Switch contact (4) is then to be connected to the cen¬ 
tral contact of the timer-distributor, and this will complete the connections. 

When the switch Is In the off position, the battery circuit is broken and the magneto 
is grounded, in consequence of which no sparks will be produced when the motor is cranked. 

With the switch thrown to position (B), the magneto will continue grounded, but the 
battery circuit will be completed, and in consequence, the breaking of the circuit by the 
timer-distributor will result in the production of a spark that will be transmitted to the 
proper cylinder by the distributor. 

The same condition will exist with the switch thrown to position (MB), except that then 
the magneto ground circuit will be broken and that magneto sparks will be produced in ad¬ 
dition to the battery sparks. 

With the switch thrown to position (M), the magneto will operate in the normal man¬ 
ner, and the battery circuit will be broken. 


3HABT NO. 188 —Magneto Wiring Diagram of a High Tension Magneto; “Single,” “Dual” and 
“Double” Ignition System. 

tote— 1 The system fig. 3, is known as the “Bosch Battery, Ooil and Timer-Distributor“ system and is similar 
o system explained on page 253. 
lee foot note bottom of naee 281. 
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Examples of Magneto Systems. 


Until the perfection of the modern mag¬ 
neto the ignition system of aqy car was al- 
ways regarded as one of its weakest points. 
To spend 20 minutes in testing one’s igni¬ 
tion before starting on a journey was con¬ 
sidered almost as essential as pouring gaso¬ 
line into the tank or oil into the lubricator. 
In fact, these two latter processes became 
somewhat secondary. 

So deeply had the fear of ignition trouble! 
taken root in the motorist's mind, that the advent 
of the magneto was welcomed, not as a substitute 
for the ola system, but as the saying went, as "a 
second string to the bow." To suggest a mag¬ 
neto only, drew forth the wearisome remark, "if 
the magneto gives out, what am I to dot" 
Though why it should have been supposed that 
the magneto was wrapped in more mystery than 
the storage battery and coils with their 20 to 50 
yards of insulated cable, its contact breaker and 
delicate trembler blades, is not easy to explain. 
. Perhaps the old evils were preferred to possible 
new ones. At any rate, it became the fashion to 
-fit two ignitions—the magneto machine and the 
storage battery and coil; to run on the magneto 
and to use the other system as a stand-by, should 
the magneto break down. 

Dual Ignition. 

Dual ignition la quite common where mag¬ 
netos are used as a source of mechanical 
electrical supply of current. Some means 
of supplying a current without having to 
generate it mechanically is usually employed. 

In chart 124 a method is described as 
used in connection with a low tension mag¬ 
neto. To apply a similar method to the 
high tension magneto it is merely a mat¬ 
ter of carrying out practically the same 
principle. In order to bring out the meth¬ 
ods, we will first start with high tension 
magneto supplying current for ignition with¬ 
out the use of an auxiliary system. 

High Tension Magneto Alone. 

In fig. 1, chart 133, note the high tension 
magneto supplying current to the four spark 
plugs on a four cylinder engine. 

The armature is double wound;, there¬ 
fore a separate eoil is not necessary. The 
distributor on the magneto distributes the 
high tension current to the spark plugs. 

The objection to this system is that in 
starting, the armature on magneto must 
be revolved fast enough to generate cur¬ 
rent before the spark will occur at the 
plugs. Therefore it is necessary to “spin” 
the crank. This is not a very satisfactory 
system. 

A Dual System. 

Fig. 2, chart 133, illustrates & high ten¬ 
sion magneto with a separate battery and 
high tension coil. The coil is of the round 
pattern, usually placed on the dash, with a 
•kick switch on its face. The starting is 
by battery and coil using the magneto dis¬ 
tributor. After starting, the switch is 
placed on magneto side, and the magneto 
supplies the current and coil and battery 


are cut out entirely. On all dual systems of 
ignition only one set of spark plugs are used. 

Double Ignition. 

A double ignition system, known as the 
Bosch battery and coil, timer, distributor 
system comprises two separate and distinct 
systems with two sets of spark plugs. See 
fig. 3, chart 133. This system consists of 
practically the single vibrator coil and a 
separate timer and distributor, as described 
in fig. 1A, chart 110. It is entirely inde¬ 
pendent from the high tension magneto sys¬ 
tem. Note (T-D)) is the timer and dis¬ 
tributor; (6), the battery; (6), the vibra¬ 
tor coil with kick switch. 

The other part of the system, is a high 
tension magneto (2). Note the only connec¬ 
tion this system has with the coil system, is 
its connection with the switch at (2) on 
back of coil. If one system fails, the other 
is entirely independent. 

Another form of Double System. 

Referring to chart 188A, note the separate and 
independent high tension magneto. The coil and 
battery system is similar to the master vibrator 
system, explained in chart 110. The chart will 
give further explanation. 

» Two-Spark Ignition System. 

The “two-spajrk” system used in connec¬ 
tion with a high tension magneto is ex¬ 
plained on page 283 and below. Here we 
have two distributors on the one magneto 
and two spark plugs are provided for each 
cylinder. 



The object is to increase the power and 
speed, explained as follows: The object of ad¬ 
vancing the spark is to compensate for the slow 
development of the explosion pressure, for the 
early stages of the development are relatively 
very sluggish. It is for this reason that dou¬ 
ble pole or two spark ignition is advantageous, 
namely, because it increases enormously the 
rate of development and a much less degree of 
advancement is therefore necessary, with the re¬ 
sult that power is gained through avoiding the 
back pressure at the top of the compression 
stroke, which is otherwise bound to result from an 
abnormal advancement. 

Two-Point Ignition System. 

The “two-point” system, where two 
sparks occur at the same time but in dif¬ 
ferent cylinders, Is shown on page 284. 

On a four cylinder engine, the spark would 
occur at two spark plugs at ouce, but inasmuch 
as one of the pistons would be on exhaust stroke, 
this would make no difference. 


*Klck switch means, the switch can be kicked from one side to the other by foot. 
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This system is what 

would be termed a “Doub¬ 
le Ignition,’’ in that it has 
two sets of plugs and two 
independent systems of ig¬ 
nition, coil and magneto. 

▲ Synchronized (multi¬ 
ple unit) Autocoil is used 
in conjunction wish the 
battery system only. The 
. coil case contains six 
Non-Vibrator Unit Ooils 

and a Master Vibrator. 
Each Non-Vibrator Unit 

Ooil has a test key for 
locating troublesome 
Plugs and each Unit also 
has a Safety Gap or tell¬ 
tale device to indicate 
the accidental opening of 
the secondary circuit. 
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Pig. 1—Diagram of the Coil and Switch. 


Wnen switch lever is in “Off” position, Magneto 
is grounded through Pin (P) to lever, and Battery 
circuit is open, when in (B) position. Magneto is 
still grounded and Battery circuit is closed, providing 
plug has been inserted in switch hole. When in (M) 
position, Magneto is not grounded and battery circuit 
is open on account of Pm (P) being removed from 
spring above it. 

Fig. 1 shows a complete diagrammatic circuit of 
the Switch, Master Vibrator and one Unit The other 
five Units are identical with the one shown and are 
connected to the common strap along the front of the 
case, as shown by the Bcrews in Figs. 1 and 3. 

The test key la normally open nntU It Is depressed 
for testing, when it causes the current to flow through 
the resistance (B) and through the primary. This 
resistance is arranged so that there Is not sniflcient 
current passing through the primary to produce a spark 
in the secondary circuit; hence when the key is da- 
pressed, the spark in that particular cylinder is cut 
out. 

Spark Gap—One side of the gap is connected to 
the high potential side of the secondary winding, the 
other to the low potential side of the secondary wind¬ 
ing. This permits the spark to jump across the gap 
without doing damage to the internal construction of 
the coil, if for any reason the wire to the spark ping 
should become disconnected, or the points of the plug 
set too far apart. 

The low potential (voltage) side of the magneto pri¬ 
mary is grounded to the engine frame through the 
bolts which hold it in place. 


cyllm 

ders. 


Fig. 2.—View of connections from coll to 
llnders and 


and commutator, and magneto to cylin- 


The wire marked “To Ground” should run to the 
frame of the engine. 

It is a simple matter to trace the circuit from the 
battery through the Master Vibrator, through one of 
the Coil Units, to the Timer, to Ground, whence it 
returns through the Grqund wire to the Switch Lever. 

If it is turned in the (B) 
position, the Magneto will 
be grounded and the bat¬ 
tery circuit complete when 
plug is inserted in the plug 
hole. 


Pig. 3. —Top view of the coil used on the Pierce six cylinder car. 


The ooil system being 
the Master Vibrator type 
similar to system explained 
in ebart 110, flg. 1. 

The Magneto system 
above is the usual high 
tension type. 


!HABT 188A—Example of a “Double” Ignition System Using a High Tension Magneto and a 
Multiple Type Coil (formerly used on Pierce Arrow— now obsolete—merely shown as example). 
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Bosch Vibrating Duplex System. 

This system is described in chart 137. Its 
purpose is to assist in starting. Do not 
confuse this system with an electric system 
of starting by movement of crank shaft. The 
principle of this system is to supply a sep¬ 
arate battery and vibrating coil to start 
engine on, doing away with a dual system. 
See chart 137 for further description. 

To Time the Magneto. 

Which is a Bosch DU4 or DU6 as an ex¬ 
ample. First place piston of No. 1 cylin¬ 
der on top of compression stroke, and with 
magneto interrupter housing retarded set 
contact points just starting to break. The 


driving means can then be coupled up. 

The timer distributor, fig. 3 chart 133, 
should then be revolved (in direction of ro¬ 
tation) until timing interrupter is in the act 
of breaking. 

To Time the Eisemann “G” Types. 

With these systems it is merely necessary 
to bring No. 1 piston to top dead center, 
rotate the magneto until the setting mark 
on the distributor is opposite the pointed 
screw at the top and couple up the drive. 
Use marks “R” or “L” for right or left ^ 
hand rotation, respectively, as needed—ro¬ 
tation being judged from driving end. (see 
page 285.) 


Instructions to the Reader. 


If the reader will master the purpose and 
principle of the following, it will then be 
easy to analyse any system of ignition he 
may come across. For instance, learn the 
difference between; low tension coils, high 
tension coils; low tension magnetos, high 
tension magnetos. 

Other details to classify would be; the 
difference between the commutator, timer 
and interrupter, and sources of electric sup¬ 
ply, as direct current chemical generators; 
(dry cells and storage batteries). Direct 
current, mechanical generators; (dynamos). 
Alternating current, mechanical generators; 
(magnetos). 

Methods for distributing the secondary 
current to the spark plugs; by a distri¬ 
butor as used on a magneto, or by a commu¬ 
tator in connection with a vibrator coil. In 
other worls, very nearly all of the systems 
compose one or more of the parts of the 
four principles of ignition. 

Difference in Makes of Magnetos. 

An inspection of the illustrations of the 
different leading makes of magnetos shown 
in chart 141 will give the reader an idea 
of the variance in construction. In this 
chart we illustrate magnetos of the low ten- 
tion type and magnetos of high tension 
type. 

As previously explained, the low tension 
type of magneto employs an armature wound 
with only one winding of wire, which is 
called the primary winding. We learned in 
a previous instruction that when a magneto 
employs a single primary wound armature, 
then a transformer (high tension coil) sep¬ 
arate and distinct from the magneto, is nec¬ 
essary in order to step up or transform the 
low tension voltage, (pressure) up to a high 
pressure. 

By referring to chart 141, we find that the 
Bemy and Splitdorf ( in the models shown) 
have primary wound armatures and need sep¬ 
arate coils or transformers. But going a lit¬ 
tle further into detail, we find that the Split¬ 
dorf, Eisemann, Bosch, Mea and the pivot¬ 
ing magnetos all have armatures which 
revolve with the winding wound on the re¬ 
volving part. 


In the Bemy and K. W. we find that the 
winding does not revolve, but is stationary. 

* ‘Armature" and 4 ‘Inductor’* Type; 

4 ‘Primary” and “Compound” 

Wound Magnetos. 

The revolving type of armature, with the 
wire wound thereon, is called the “arma¬ 
ture” type, and the type where the wire is 
stationary is called the “inductor” type. 

If there is only one winding it is called 
a “primary” wound armature. If there 
are two windings, then it is called the 
“compound” type, (see chart 132.) 

The primary wound armatures are low 
tension, and require separate coils. 

The compound wound armatures are high 
tension, and do not require separate colls 
—only as a matter of convenience for easy 
starting or dual systems of ignition. 

We will now go back to the “armature” 
and the “inductor” type. Up to the pres¬ 
ent we’ve shown only the Bemy and K. W. 
with an inductor type of armature, with a 
single, primary winding. 

By referring to the K. W. magneto, in 
chart 141, we find that the winding on this 
type is also stationary, but instead of be¬ 
ing a single primary winding, as on the 
Bemy, it is a double or compound wound 
armature like the Bosch, Eisemann and Mea 
—but differs from the last mentioned in that 
the winding does not revolve. 

In the Bosch, Mea, and Eisemann the ar¬ 
mature is compound wound and of the 
“armature” or revolving type. The prin¬ 
ciples of the magnetos are about the same, 
with some few minor differences in con¬ 
struction. 

“Pivoting” or “Rocking” Type 
Magneto. 

The Mea magneto differs in that the mag¬ 
nets can be turned from side to side (called 
pivoting type); they are bell-shaped, and 
placed horizontally; therefore, unlike the 
customary horse shoe type, mounted verti¬ 
cally. In this construction the magnets 
and breaker are moved simultaneously in¬ 
stead of the advance and retard of contact 
breaker alone. 

—continued on page 287. 
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Fig, 3, — Battery position of 
switch, of Bo.scb dual system. 
Showing points 3 and 4, not con* 
hoc tod: consequently magneto cir- 


Bosch Dual 
System. 


WIRING DIAGRAM OF THE "DU«“ DUAL SYSTEM 

=«- PRIMARY 


Tills 

consists of s 
vibrator eaU 
and battery, 
using the te- 
terrnpter boos¬ 
ing of the 
magneto for 
the addition 
of a separate 
tinier to make 
and break the pri¬ 
ory current of the 
vibrator coil. (see 
fig. 9. chart 186.) The 
distributor Is 
utilized for both sys¬ 
tems, also one set of 
a park plugs. 

The high tone ion 
magneto is of the us¬ 
ual type. The only 
difference being in 
the addition of the 
timer, which it in¬ 
dependent of the 
magneto interrupter; 
but mounted on the 
same housing. 

Fig. 3 shows the 
switch in battery 
position and figs. 4 and 5, chart 135, shows switch in 
"off” and "magneto” positions. 

Let ns first see what happens when the switch Is 
thrown on the battery aide of the coil as shown in fig. 
3. The current in the battery, B leaves it at th* 
positive side and travels through the ground wire 
G, which is attached to it. It goes then, through 
the breaker points BP, which are operated by a cam. 
The course then is to the post 1, through the mechan¬ 
ism in the direction of the arrows, to point, S. 

It flows then through the primary winding, P, of the 
coil, and as the arrows show through point 5 back to 
the battery. Thus the primary battery circuit is com¬ 
plete. 

In passing through the primary winding, a high-ten¬ 
sion current is 
set up in the 


• ^SECONDARY 


Fig. 7. —Out¬ 
side wiring dia¬ 
gram. Switch on 
battery aide. Note 
3 A 4 not con¬ 
nected — thus 
opening circuit. 


rim stf 


COVER 
- PLATE 


WOUND 


MMAXT 

wimim 


GROUND 


secondary wind¬ 
ing. SW. when 
the breaker points 
separate. 

This high-ten- 
•ion current flows 
to the distributor 
wire at 4. Thence 
to the magneto 
d i s tribn- 
tor, MD. 
Hero it is 
passed to 
the differ¬ 
ent spark 
plugs in 
order. 

It goes 
th r o n g h 
the plug to 
the base of 
the cylbv 
d er s to 
ground. 

However, one end of the high-tension winding is grounded through brass bus bar, to 6. Therefore 
the current flows back to the high-tension winding,where it was induced, by means of the ground wire. 
This completes the battery system of the Bosch dual system. G in fig. 8 represents fhe condenser; of 
whieh there are two, for the purpose of protecting the contact point!. 

In fig. 7 the outside wiring of the battery system is made clear. The current leaves the battery at 

the positive terminal and travels to the ground. Ai 6 is grounded the current goes to 6 thence to 2 and 

along 2 to the magneto. Then to 1 on the magneto, and along the wire as indicated by the allows to the 
point 1 on the switch plate. Here it travel* through the primary winding of the coil then to 6 and back 
to battery as before, thus completing the ci trait. 

A point that is very confusing in this, is that the coverplate or plate with the marks 1, 2, 8 , 4, 6 
and 6, in fig. 7 may ba taken for the coil end In flg. 8. The cover plate in fig. 7 remains stationary. 

When the switch is turned the whole mechanism in flg. 8 with the marks 1, 2, 8, 4, 6 and 0, mavcs. 
Whan the switch is thrown on the battery side the point 1 on the cover plate lines np with 1 on th* 
coll, likewise 2 and 5 line up with 2 and 5 on the coil. In reality they are brass busbars or segments. 

On the cover plate the numbers represent binding posts for wires. 

Battery—ten dry cells, or a 6 volt, 60 ampere-hour battery can be used with the battery system. 


QROUND 


JHA&T NO. 134—Bosch. Dual Ignition System—continued in charts 135 and 136. 

Tiring connections from distributor to spark plugs are not in regular firing order. Main purpose of disgrsv 
i to show Switch Circuits. 
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—continued from page 280. 

In the off position of the 
switch, fig. 4, there can be no 
circuit because the points 1, 2, 
5 and 4 of the plate do not 
coincide with points 1, 2, 5 
and 4. of the coil. All the cir¬ 
cuits are open. 

As soon as tho switch is 
thrown on the magneto side, 
see fig. 0—the busbar with 
which 3 is in contact in fig. 8 
connects also 4. But the other 
points do not make contact. In 
other words the only complete 
circuit is through 8 and 4. 

Now, the magneto is turning 
around and a low-tension cur¬ 
rent is set up in the primary 
winding PW, fig. 5 of the mag¬ 
neto coil. This current flows 
through a wire to M, the mag¬ 
neto breaker points and from 
there to the ground G. But 
the other end of the primary 
winding of the magneto coil is 
grounded, therefore the circuit 
Fig. 4—Switch in off position showing points 1, 2, 4, and 5 not in con - complete. 

tact. In this position all circuits aro open In passing through the pri¬ 

mary winding the current in¬ 
duces a high-tension current in 
the secondary winding, SW, 
which goes immediately to 8. 
Now, 3 and 4 are connected by 
the brass busbar, therefore the 
current will flow from 3 to 4. 
The latter has attached to it 
the distributor wire. The cur¬ 
rent will flow then through the 
distributor wire to the magneto 
distributor MD, and thence to 
the spark plugs. Here the cur¬ 
rent is grounded. The other 
end of the high-tension winding 
is grounded also, again the cir¬ 
cuit is complete. 

In throwing the switch to 
magneto side, every circuit but 
that made by 8 and 4 is open. 
In fig. 5 it will be noticed that 
1, 2 and 5 are in no way 
connected. That happened be¬ 
cause the coil was switched 
around and the little brass 
plates were thrown out of con¬ 
tact with the points 1, 2, 5 
and 6. 




Fig. 5—Switch in magneto position showing but one closed circuit ; outside wiring is made 

it was made by connecting 3 and 4 clear. The high-tension current 
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Fig. 6A. 

breaker has no electrical connection whatever with the 
is to confine the working parts of the dual ignition t 
the wiring to a minimum. 


generated in the magneto arma¬ 
ture leaves the magneto by the armature wire 
at 8. (It travels to 8 on the cover plate.) 
Thence to the distributor wire at 4 and to the 
distributor where it is sent to the spark plugs. 

In order to start the engine with the starting 
handle or electric starter—the press button, 
flg. 9, chart 186, is pressed down and then 
turned at right angles, a process which locks it 
in position for the trembler spark, for it will be 
admitted that this will be the best ignition on 
which to get the initial explosion when the en¬ 
gine is turning slowly. 

Timer and interrupter: Regarding the mag¬ 
neto itself (flg. 6A), it will be observed that 
two alterations have been made to it in order 
to adopt it to the dual system. Firstly, a sec¬ 
ond contact breaker has been fitted below the 
ordinary one, which is operated by cams on the 
contact breaker base above. It must be thor¬ 
oughly understood that this second contact 
magneto. The object in placing it in this position 
o as small a compass as possible, and to redueo 


The second alteration consists in the removal of the bridge which in the ordinary magneto connects 
the high tension slip-ring and current collector, direct to the distributor; now that the distributor is to 
do duty for two ignitions, it is necessary that the current be carried to it via the switch. 


OHABT NO. 185—Bosch Dull Ignition System— continued. 

In practice, connections from distributor to spark plugs are not as shown; if so, it would fire 1, 2. 8. 4, wherea 
it should connect to fire 1, 2, 4, 8 or 1, 8, 4, 2. Main purpose of diagrams is to show Switch Circuits. 
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Fig. 6.—Outside wiring diagram of 
Bosch system with switch on magneto 
side. Note that points 1, 2, 5 and 6 
are not connected. 



continued from page 280, 281. 

The coll of the 
Bosch dual system is 
fitted into a vulcan¬ 
ite cylindrical box, 
which is attached to 
the dashboard, fig. 8. 

The switch. The 
face of the coil box 
is also the switch, eo 
that in mov¬ 
ing the switch 
handle to 
(1C), the mac* 
neto ignition, 
or to (A), the 
storage bat¬ 
tery ignition, 
the whole coil 
is rotated in¬ 
side the coil 
box. This 
eliminates a 
separate 
switch and all 
the wires con¬ 
necting to it. 

To start the 
engine on the 
switch or Ig¬ 
nition as It la 
sometimes 
termed, the 
storage bat¬ 
tery is first 
turned on and 
then the brass 
button in the 
center of the 
switch Is 
pressed. If the 
engine has a 
charge of gas 
in it. it will 
start at once. 
If it should 
be found that 
the engine 
cannot be thus 
started, it is 
then necessary 
to use the 
starting han- 
die as ex- 
plained in 

charts 134 and 135. (Electric starters now ao 
universally used obviates necessity of cranking). 

An explanation of the coil. To explain exactly 
how the self-starting Is accomplished, see fig. 0. 
The storage battery is supposed to be switched on. 
Starting from the left hand storage battery ter¬ 
minal (to make it easier to understand), the cur¬ 
rent passes through the primary winding and ar¬ 
rives at the end of the trembler blade and the 
blade above, called the auxiliary contact breaker. 
The current cannot travel beyond the trembler blade 
because, as will be seen, the platinum points are 
separated. Neither can it complete circuit along 
the auxiliary contact breaker blade because the 
main contact breaker (left hand lower corner) 
also stands open, being the position in which the 
contact breaker always comes to rest when the en- 

,_ gine stops, save for the few occasions when the en- 

•--- Avrsanat.—— .. J gine stops with the piston about dead center. 

Fig. 9. To 8tart the engine therefore, we have only to press the button so that the upper platinum point 
comes into contact with the lower one, and immediately the circuit will be completed, the trembler start 
bussing and a shower of sparks sent through the plug of the cylinder which is next to fire. Now the 
work of the trembler blade is done, the engine has started and the main contact breaker is set in motion. 
The current troubles no longer about the trembler blade, but follows the upper path along the auxiliary 
contact breaker and through the main contact breaker, the making and breaking of which does the 
of the trembler and creates the high tension current. The engine may be kept running in this 
at the pleasure of the driver. 

The auxiliary contact breaker, fig. 9: Now let us take the exceptional case of the engine stopping 
with the pistons about dead center and the main contact breaker points closed. The current this 
time finds an easy circuit through the closed points, the iron core becomes magnetised, the trembler 
blade is held down on the core, and pressing the button as before has no effect. No spark is made be¬ 
cause there is no break in the circuit. But if the reader will examine the diagram closely, he will ob¬ 
serve that the act of pressing the button presses the auxiliary contact breaker blade away from its upper 
platinum point and on to Ub lower one, the momentary break thus caused in the circuit being sufficient, 
under the circumstances we are supposing, to create the necessary high tension current for the spark 
in the cylinder and so start the engine. 

When the engine stops in the more usual way with the storage battery contact breaker open, the 
opening and closing again of the auxiliary contact blade has no effect. The diagram, fig. 8, shows ths 
coil as it actually exists. 


Fig. 8. 

# Connect* o 

to the frame. 

1. Switch handle. 

2. Movable cover 

3. Coil case. 

4. Starting press button. 

6. Fixed connection plate, 

7. Movable switch blade. 

* Cable cover. 


To the negative pole 

of the battery 

9. Milled edged nut. 

10. Iron core. 

11. Plate carrying the starting 
arrangtment and the condenser 

12. Condenser 

13. Contact spring. 

14. Trembler 


\ Auxiliary contact 
\ breaker 
Tremblcr spring 
Stop screw for switch 
handle 
Locking key 
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CHART NO. 136—Bosch Dual Ignition System —continued. To time this magneto, see page 311. 
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Bosch Two-Spark Independent Magneto Ignition System 


The purpose of the Bosch two-spark 
magneto (fig. 1), is to produce ignition 
at two plug points in each cylinder, in 
order to reduce the time interval between 
ignition and complete combustion; and, 
where it is possible to locate the Bpark 
plugs as shown in chart 140. The result 
is to reduce the ignition advance neces¬ 
sary, and thus to secure an increase in 
the efficiency and output of the engine. 

Bosch two-spark magnetos are produced 
in types ZR4 and ZR6, in either inde¬ 
pendent or dual form. In appearance, 
they are similar to the single-spark mag¬ 
netos of corresponding types, the notice¬ 
able difference being a distributor of 
double thickness, and the arranging of 
a second safety spark gap under the arch 
of the magnets. 


In the single-spark magneto, the beginning of the armature secondary circuit is grounded on the 
armature core through the armature primary circuit, whereas in the two-spark magneto,. the two ends 
of the armature secondary circuit, are connected to two sectional metal segments, diametrically opposite 
on a single slipring. Two sliprlng brushes are provided, which are horizontally mounted in brush hold- 
dors on opposite sides of the shaft end plate. During the portions of the armature rotation when high 
tension current is being delivered, each of the two slipring segments will be in contact with one of the 
brushes. One brush is connected to the inner distributor by means of a conducting bar similar to that 
used on single-spark magnetos, the second slipring brush is connected to the outer distributor by means 
oi a short length of cable passing around the magnets. The rotating distributor piece is of double length 
ahd carries two brushes insulated from each other. 

The four and six-cylinder types are fitted with eight and. twelve distributor outlets respectively, each 
pair of outlets being connected to the spark plugs of the proper cylinder by the usual cables. 

Path of the current is as follows (see figs. 6 and 7, chart 188.) Armature, secondary circuit, slip- 
ring segment and brush, one distributor, one spark plug; the metal of the engine to the second spark 
plug, the second distributor, the second slipring brush and segment, and so back to the armature second¬ 
ary cireuit. 

Advance and retard: The use of two-spark ignition permits the ignition lead to be cut down any¬ 
where from 80 to 50 peroent. It will be understood that if the timing is correct for two-spark ignition, 
and one of the series of spark plugs is cut out of action, the remaining series will operate considerably in 
retard of what it would if the engine were timed for single-spark ignition. 

If two-spark ignition provides the full advance, the effect of retarding the spark is obtained by cut¬ 
ting out one series of plugs. 

The switch provided for the two-spark independent magnetos, is so arranged that ignition may be 
secured either with both sets of spark plugs, or with but one set. The purpose of this is to give the 
effect of retarding the spark, without altering the relation between the interrupter opening and the 
armature, - as is done under normal conditions. 

The connections should be so made, that the system of plugs that is operative when the switch is 
thrown to the single position, is located near the inlet valve. 

In starting—throw switch lever to * ‘single plug** position—this gives the effect of a retarded spark. 

For ordinary running, operation should 
be on both series of plugs; for slow work 
through traffic, or when the engine is 
running idle, use the single plugs, or only 
one set. 

Timing: The piston of (say No. 1 
cylinder), is brought to top dead cen¬ 
ter, on the compression stroke, and the 
crank shaft is maintained in that posi¬ 
tion. The magneto is attached to its 
base with its driving gear or ooupling 
loose on the armature shaft and the spark 
control placed in the fully retarded po¬ 
sition. The armature is then turned in 
the proper direction of rotation, until 
the magneto interrupter contacts are just 
about to separate, at which point gear or 
coupling is secured to armature shaft. 

It will frequently be found by experi¬ 
ence, that this timing gives too great a 
spark advance, in which case, the mag¬ 
neto must be re-timed to operate later 
in the stroke. The exact timing can be 
secured only by experiment. 

As a general thing, it will be found 
that the best advance for two-spark igni¬ 
tion, is from one-third to one-half of the 
advance required for single-spark ignition. 

To replace a single-spark magneto with 
a two-spark Instrument, the maximum 
advance for the single-spark magneto is 
to be marked—preferably on the flywheel 
—and the two-spark magneto timed so 
that the interrupter opens the circuit, at 
a point midway between the mark on the 
flywheel indicating the single-spark ad¬ 
vance, and that indicating top dead cen¬ 
ter. A more exact timing may then be 
secured by experiment. 



The Bosch vibrating duplex system. Designed to permit 
easy starting on cars that are cranked by a starting motor 
at such a low speed that the ignition current from the ordin¬ 
ary magneto is insufficient to give certain ignition. 

How it operates: The arrangement is such that, while the 
magneto circuit is absolutely independent and complete in 
itself, the battery circuit includes both the coil and the mag¬ 
neto. With the switch in the battery position, the battery 
and coil are in series wih the primary winding of the magneto 
armature, and the current from the battery supplements that 
generated by the magneto. Thus there is induced in the sec¬ 
ondary winding of the magneto armature, a very powerful 
sparking current, which, on account of the vibrator action of 
the coil, appears not as a single spark, but as a series of in¬ 
tense sparks that will act with certainty on any explosive mix¬ 
ture. The sparking current so produced is distributed in the 
usual way by the magneto distributor. 

After starting, the magneto Is used. In case the starting 
motor failed to work, this system would be an advantage. 


OHABT NO. 187—The Bosch “Two-Spark” Magneto Ignition System. Bosch Vibrating Duplex 
* System. 

The “Two-spark*' system regular equipment on Stutz and Mercer. Also been used on some FIAT. Locomo¬ 
bile and Marmon cars. See also, page 926 for Berling two-spark magneto. 
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The type “NTJ4” Bosch magneto differs from the usual type 
of magneto in that the distinct gear driven distributor, common to 
other types, hai been eliminated, and in its stead is a double slip¬ 
ring combining the functions of current collector and distributor. 
Otherwise it is about the same as any other form of magneto. 

The spark occurs in two cylinders at one time with this sys¬ 
tem, but one of the cylinders in which the spark occurs is on ex¬ 
haust stroke, therefore the spark does no harm. 

The interrupter contacts in the full retard position should open 
not later than top dead center of the compression stroke; therefore 
the effective spark is produced in the cylinder always toward the end of the compression stroke 
and the surplus spark will always occur near the end of the exhaust stroke and never during the 
inlet stroke. In any four-cylinder, four-cyele engine, regardless of firing order, when cylinder No. 1 is 
nearing the end of the compression stroke, cylinder No. 4 is nearing the end of the exhaust stroke and vice 
versa; similar conditions apply also to cylinder Nos. 2 and 8. 

The brushes, when making contact with the metal strip in collector rings, collect the high tension 
current and carry it to the spark plugs. Note the connections from ring to plugs. When brushes 2 and 8 
are making contact—follow the circuit in fig. 6, and note the arrow points. Now if the piston makes another 
stroke or 180° travel, the armature will turn 180° or half a revolution also, as it runs at engine speed in 
four cylinder, four cycle engine, therefore the contact on ring will turn 1*30° or half revolution and cylin¬ 
ders 4 and 1 will fire as in fig. 7. This type of magneto was used on the Overland and is now used on 
other cars. 

Timing the “NU4" magneto: With the average engine, this result is obtained by connecting the 
magneto so that Its interrupter housing is in full retard position, and the platinum interrupter screws just 
about to separate, when the piston of No. 1 cylinder is exactly on top dead center of the compression 
stroke. 

At the.same time the metal segments of the slip-ring should be in contact with the brush marked 
"1” in each of the brush holders, and this can be observed by removing one of the holders. 

The installation is completed by connecting one of the brushes marked "l" with cylinder No. 1, and 
the other with cylinder No. 4, and the two remaining brushes, marked "2 and 8," with cylinders 
Nos. 2 and 3. 

It is important to note that the type “NU4,” driven, as it should be, at engine speed, produces a 
surplus spark in each cylinder exactly 860° behind the effective or power spark and, in coupling the 
magneto to the engine, it must be timed so that the surplus spark occurs during the exhaust stroke 
and not after the inlet valve has commenced to open. 


CHART NO. 138—The Bosch Type “NU4” High Tension Magneto; a 

sparks occurring at the same time, but in different cylinders. 


‘Two-Point*• System; two 
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The Elsemann “Q4” type of high tension magneto differs from other Elsemann types 
in that the make and break or interrupter mechanism is constructed on different lines. The 
platinum contact springs (17M), connect with a carbon brush (OB), which revolves in a 
braes ring (A). Bing (A) is stationary, whereas the spring (17M) revolves with the other 
contact plate (J). Contact plate (J) is insulated from (17M). One end connects with primary 
winding on armature, therefore when contact is interrupted by (17M), and point on screw 
in plate (J)—the spark is given as usual. The ring (A) and (17M) are grounded. 

The points of (17M) and screw on plate (J) are separated by the timing device, Fig. 4, 
which goes over the ring (A). Contact spring rides over the fibre cams. 

The novel features of this system, besides the breaker, are—its accessible and efficient 
grouping of the working elements all at one end and its waterproof qualities. 

To set the time of spark: Place piston of No. 1 cylinder on top of compression stroke. 

Bet the interrupter points to break in full retarded position. 

Adjustments: The breaker gaps should be set .012" and spark plugs gaps A* to A". 

To stop or cat off Ignition: On all magnetos the magneto Is stopped generating by 
short circuiting the primary circuit—not by opening the circuit as in a coil system. 


CflSABT NO. 180 —Elsemann **04” Type of High Tension Magneto, used on the Nash, Federal an 
Other Trucks. (Eisemann Magneto Oo., Bush Terminal, N. Y.) 
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Pig. i. Four High Tension Ignition Systems Connected to one Four Cylinder Engine. Only 

two systems are usually placed on an engine, and then, only one system is used at the time. The 
idea is merely to show how the various systems can be combined into “Dual*’ or “Double** Ignition 

Systems. 



Pig. a.—Wiring Diagram of a Double System of Ignitiou Showing the Switch Arrangement; a 
high tension inngnrto with a separate set of spark plugs (See Chart 133.) A multiple unit type 
of vibrator coil with commutator and battery and a separate set of spark plugs. 

(Trace circuits with pencil.) 

CHART NO. 140—Four High Tension Ignition Systems Mounted on One Four Cylinder Engine to 
Explain .the Combination of Systems. 

See foot note bottom of page 281 which refers to fig. 1. 
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—continued from page 279. 

This style of magneto, owing to the fact 
that it is rocked from side to side, gives 
an unlimited range of advance, and thus 
adds wonderfully to the flexibility of the 
car on which it is mounted. This great 
range of advance makes this instrument 
especially suitable for two-cycle engines, 
which require a much greater degree of ad¬ 
vance and retard than the four-cycle type. 
See page 289 for description. 


Magneto; Automatic Advance. 

The Elsomann automatic advance of 
spark; with all magnetos treated up to the 
present time, the advance and retarding of 
the time of spark is accomplished by hand, 
called “ manual” advance, by means of 
spark lever on the steering wheel. With 
the Eisemann automatic advance, the same 
thing is accomplished by a governor ar¬ 
rangement automatically. This type of 
magneto is extensively used on commereial 
cars, (see chart 143 for description.) 


“Combining” the High Tension Magneto and Coll and Battery System into 
“Dual” and “Double” Systems. 


We have now explained the different 
leading low and high tension ignition sys¬ 
tems for firing the charge of gas in the 
gasoline engine. In order to more clearly 
explain the four leading systems of high 
tension ignition, we will now place the four 
ignition systems (high tension) on one four- 
cylinder engine. (Fig. 1, chart 140.) 

This system of using four ignition sys¬ 
tems on one four-cylinder engine is not in 
actual use, but is intended to make the 
combination of “dual** and “double” sys¬ 
tems clear to the reader—showing how they 
can be combined. 

We will first explain each system separ¬ 
ately, showing how each individual system 
would be connected. 

FIRST: The 4 ‘single” high tension mag¬ 
nets system—(See page 268): By refer¬ 
ring to fig. 1, chart 140, we will put our 
pencil on the switch on dash coil box (81). 
If this lever is thrown to the left with all 
other switches “off,” this high tension mag¬ 
neto system will supply current for spark¬ 
ing the lower set of spark plugs (Ml, M2, 
M3, M4). Note these wires run from the 
distributor on the magneto. 

SECOND: The high tension coll, bat¬ 
tery and commutator system:—See chart 
140): If switch (S) is thrown to the left, 
the four high tension vibrating coils will 
spark the plugs (HI to H4). The battery, 
of either storage or dry cells, usually stor- 
age, will supply the electric current in this 
instance. The timer, operated from one of 
the cam shafts through a system of bevel 
gears, will control the time of spark in each 
cylinder. (The timer is a regular type of 
commutator, as shown in chart 108.) 

THEBD: A non-vibrating single high 
tension coll with battery, using the circuit 
breaker on the low tension magneto as the 
timer, and the distributor on the magneto 
to distribute the current to the spark plugs: 
—(See chart 123): If switch on the non¬ 
vibrating coil is on B, the battery will sup¬ 
ply the electric current, passing through 
the primary winding of the non-vibrating 
coil. The circuit breaker (Bl) on the low 
tension magneto will take the place of timer 


and vibrator (current does not pass through 
armature winding, however). The second¬ 
ary current from the coil will be distributed 
to the spark plugs (W1 to W4), through 
the distributor (D) on the low tension mag¬ 
neto. 

FOURTH: Low tension magneto and sep¬ 
arate high tension coll:—(See charts 140 
and 128): If the switch is on “M” on the 
non-vibrating coil, the low tension magneto 
will pass its current through this non-vi¬ 
brating ceil, increase it to high pressure and 
then distribute the high tension current 
through th0 distributor (D) to the spark 
plugs (W1 to W4), the circuit breaker open¬ 
ing and closing the primary circuit of mag¬ 
neto. 

Combining into Dual Systems. 

If we were to combine the last two sys¬ 
tems, which is frequently done, we would 
have TWO SYSTEMS OF IGNITION using 
ONE set of spark plugs—but only one sys¬ 
tem sparking the plugs at the time. 

The single-non-vibrating coil and battery 
would be used to start on by throwing the 
switch to (B) and after engine was started 
then by throwing switch to (M), the low 
tension magneto would take the place of 
the battery. 

Another dual system: Vibrating coil with 
switch (81), storage battery and commutator 
(timer), with secondary wires, HI to H4, con¬ 
nected to the spark plugs, Ml to M4, in connection 
with the high tension magneto, connected to the 
same spark pings, would give another form of 
dual system. 

Combining into Double Systems. 

The vibrating coil, timer and battery with 
spark plugs HI to H4, would constitute one 
independent system. The high tension mag¬ 
neto with its spark plugs Ml to M4, would 
constitute the other. This would be called 
a double system. 

Another double system, could be formed by 
using the low tension magneto and separate non¬ 
vibrating coil and spark plugs Ml to M4. The 
vibrating coil, timer and battery with spark pings 
HI to H4 would constitute the other system. 

There are many methods employed to com¬ 
bine the different ignition systems into dual 
and double systems. 


The Modem Battery and Coil Ignition System. 


Is the system of taking the current from 
a storage battery, passing it through the 
primary winding of a high tension coil; 
using a combination of timer and distribu¬ 


tor to make and break the primary current 
and distribute secondary current to the 
spark plugs. Such a system is the Deleo, 
Connecticut, Atwater-Eent, etc. See index. 
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Fig. 1.—The Bosch high tension 
magneto. Armature revolves. The 
Simms, Eisemann and other types 
are similar. 

M—magnets. D—distributor. 
PW—primary winding. Over this 
winding is (8) the secondary 
winding. H—is terminal which 
•onneets with switch. 


Fig. 2.—The Mea high tension 
magneto. Pivoting type. Revolv¬ 
ing armature. 

Note the armature is double 
wound, shuttle revolving type. 

Instead of shifting the inter¬ 
rupter housing, in order to ad¬ 
vance or retard; the field magnets 
are shifted. 


Fig. 3.—The Eisemann high, ten¬ 
sion magneto, pivoting or rock¬ 
ing advance magneto. The advance 
and retard is obtained by rocking 
the magneto bodily on its cradle. 
Otherwise the magneto is the same 
as other magnetos. Armature re¬ 
volves. 
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Fig. 4.—The Splitdorf low ten¬ 
sion magneto. Armature is pri¬ 
mary wound. Armature revolves 
and is of the ‘'armature” type. 

A separate high tension coil, 
called a transformer, must be used 
with this magneto. 

The Splitdorf Oo. also manufac¬ 
ture a high tension type magneto, 
see chart 143A and insert. 



Fig. 5 .—The Bemy low tension 
magneto armature is primary 
wound—only one winding. Arma¬ 
ture of the "inductor” type. 

Armature does not revolve. The 
winding (W) is stationary and ro¬ 
tating magnets (L) revolve. 

Separate high tension coil (called 
a transformer) must )>e used with 
this magneto. 

The breaker gaps are set .025 
in. apart. 



Fig. 6.—The K. W. high tension 
magneto with an inductor type 
armature; There are two wind¬ 
ings on this type; a primary and 
a secondary. The windings are 
stationary however, and the in¬ 
ductor rotors revolve. The prin¬ 
ciple of inductor type magnetos 

Pig. 7.—Wiring of K. W. e *E Uln ® d in •*"?■ 120 

high toniion magneto. J 26 - T . h « *? me principle appUe. 

here, with the exception that the 
two windings obviate the necessity of a separate high tension eoO, 
as it is here provided for in the secondary winding of the station¬ 
ary coil winding. By referring to index, "impulse and waves of 
current” and also chart 120, you will note that the K. W. gives 
four waves or impulses per revolution—however, either one, twa, 
or four sharks per revolution, can be obtained by using a single or 
a double cam. 


On the K. W. there are four sparks per revolution, with a two 
point cam, therefore, magneto would be driven at crank shaft speed, 
for an 8 cylinder engine, and 1H times crank shaft speed for a 12. 

The setting of the inductor type armature is similar to the set¬ 
ting of any other type. The fact of its having 2 inductors, and they 
being placed crosswise, is a bit confusing, but in the setting, only 
one Is taken into consideration, and 1 b therefore as simple to set 
as the ordinary type. The breaker gap points, are set to 1-64 inch. 

*See also pages 250, 296 and 832 on K. W. magnetos. 


Address of Magneto Manufacturers. 

In writing, state where yon saw the address. 

Berling-Ericsson _Mfg. Co., Buffalo, N. T. 

Bosch Magneto Oo., 228 W. 46th St., New York City, N. Y. 
Connecticut Telephone A Electric Oo., Meriden, Conn. 

Eisemann Magneto Oo., The Bush Terminal, Brooklyn, New York. 
Heinze Electric Oo., Lowell, Mass. 

K. W. Ignition Oo., Cleveland, Ohio. 

Mea Magneto; Marburg Bros., New York. 

Motsinger Device Mfg. Oo., 815 Market St., Lafayette, Indiana. 
National Ooil Oo., Cedar St., Lansing, Michigan. 

Remy Electric Oo., Anderson, Indiana. 

Simms Magneto Oo., East Orange, New Jersey. 

Splitdorf Electrical Oo.. Newark. New Jersey. 

Westinghou8e Electric A Mfg. Oo., Pittsburg, Pa. 


j 


I 


CHART NO. 141—Examples of High Tension Magnetos; Also Low Tension Types. See charts 119 
to 232, 1 1 Specifications of Leading Cars’ 1 for users of different makes of Magnetos. 

Magneto Repairing: A. L. Dyke, St. Louis, Mo. is prepared to do expert work on magnetos or coils of all maksa 

























































































The U. S. A. motorcycle eng 
runs at twice crank shaft speed. 


pa at half crank shaft speed. Generator mounted on other side 



Fig. 


INDIAN MOTORC 

O^ndm: Twin—V-type 42° api 
8 Hfc stroke with a piston disph 
H. P„ normal rating is 7 . Actual ge, 
ox connecting rods and main crank de. 
*7P«; rings* there are 8 to < ce- 

OWhBWtor, Schebler. see pace 8 J?* 
myne to. Spark ping, are S * 5 . 
raoncatton, oil pump worm gear d 

Valy a are the side valve type o 
ti lin g, the valve timing is corre 
are placed so that the marks regisi 
is keyed on its shaft and retained 

Inl st valve action can be understoc 



ulAh L*Jf \ 
ouTj<c t or 
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Allow .004" clearance between inlet and rocker 
arm and valve stem on all models. On 1916 and 
1915 twin engines, allow .004" for rear cylinder 
snd .006" for front and on 1917 and 1918 twin 
engines, allow .008" to . 010 " for both cylinders. 
Valve timing, twin and single cylinder engines; use 
6 " scale (graduated V& 2 *)> Remove engine. Meas¬ 
ure from head of piston through cylinder plug open¬ 
ing (P), fig. 14. Exhaust valve should start to open 
%" to before bottom center; closes Vfe" to 

after top. Inlet valves do not require inde¬ 
pendent timing. Be careful to not use wrong cam 
in timing, small cam is for front cylinder and large 
for rear. Inlet valves start to open before top 
and close Vfc to past bottom center. 

When fitting new gears they are lined up as per 
marks shown in fig. 18, so that the marks come in 
line with line (J). A is crank shaft gear. B. cam 
gear. 

Exhaust compression relief is for same purpose as 
explained under Indian, which is to relieve com¬ 
pression in cylinder for easy starting by opening 
exhaust valve. When starting, left hand handle 
bar grip is twisted to left, which retards ignition 
and further turning raises exhaust valve through 
rod ( 0 , fig. 18), which raises exhaust valve through 
cams 1 and 8 , fie. 15. The exhaust valve porta 
must open Vie to %2* when front piston is on top 
center. Time of this valve lift can be determined 
at point where valve lifter ( 1 ) operates valve. 
Crank case compression relief; a vent (I), fig. 18, 
relieves pressure in crank case at every revolution. 
The gear (F) operates a rotary relief valve which 
should open Vie to when front piston is on 

top. This valve port opens gradually when engine 
is turned in direction it runs and closes when pis¬ 
ton has reached bottom. This allows a vacuum on 
upward stroke, to draw oil and oil vapor to all 
bearings. This crank case relief valve connects with 
vent or breather (I) in which connection there is 
a check valve. A pipe leads from (I) to chain 
cover and as it emits a slight amount of oil at 
each revolution, the chain is oiled. 

Oiling system; oil enters from oil reservoir through 
pipe connection (H), it is then carried by a rotary 
valve pump geared to shaft F, fig. 15, through view 
of sight glass (V) into engine crank case. Too 
much oil —remove screw (X), if oil does not over¬ 
flow, turn enrine until it does. Replace (X). 
Then remove plunger chamber vent screw (Y) un¬ 
til oil flows in same manner. Then regulate oH 
supply by placing three . 010 " washers on the ad¬ 
justing screw (Z. fig. 13). Drain engine and fill 
with 1 VV pumpfulls of oil with hand pump. To In- 
create oil supply add thin washers at a time. To 
decrease, remove washers. When all washers are 
removed oil pump plunger has no stroke at all. 

Timing ignition; all twin 
engines, magneto equipped 
fire % to before top 

of compression stroke with 
spark lever advanced full 
and spark occurs when 
points are just separating. 
All twin electrically equip¬ 
ped engines fire Vfe to % 2 * 
before top. All single cyl¬ 
inder engines fire to K*. 

BerUng magneto, lower cam 
on interrupter times for 
front cylinder and upper 
cam for rear; Dixie mag¬ 
neto, No. 2 cam for front 
No. 1 cam for rear. Bosch 
magneto, interrupter shoe 
No. 2 for front and No. 1 
for rear. Remy generator 
interrupter, small cam for 
front and large cam. for 
rear. 

See page 843 for Remy sys¬ 
tem, page 845 for carhure- 
tion. 

(Harley-Davidson Oo. t Mil¬ 
waukee, Wiscn., Mnfgrs.) 

tiai r 

Fig. 13: side view of H.-D. engine. Fig. 14; sectional 
view. Fig. 15; top section view of gears and cams. 
1 —exhaust relief cam ; 8 — cam on arm of rod O, fig. 18, 
which operates relief cam; EO, exhaust cam; 10, inlet 
cam; 2— rollers on rocker arm; S, cam Abaft j B, earn 
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Fig. 

■Ion : wibutor gear. 
m y ributor disc, 
and ii *•«** spring for breaker bar. 
A . *. screw. 

^Iser bar with platinum 
Witt « *- 
The 


6. Contact screw bracket with 
insulation bushings.* 

7. Platinum contact screw. 

8. Breaker box cover. 

9. Grounding stud or terminal 
post. 


10. Gam. 

11. Distributor block. 

12. Thumb nut for distributor 
block. 

18. Breaker advance and retard 
lever. 

14. Breaker bar spring. 


tnr ® • ntact breaker box is permanently attached to the pole structure or part (flg. 82), which carries the 
see cn c ondenser. When moving breaker to retard or advance, the entire parts (flg. 80) 1, 8, 24, 22, 21, 
4, 18, 12 move with it, also shown in flg. 17, page 202. 
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_Front view of Dixie model 120—12 cyl. magneto. 

tributor to left and distributor rotor and gear which 
I behind it and which drives distributor rotor and 
driven from a gear on rotating pole shaft. Note dis- 
rotor is arranged different from (2) flg. 40—4 cyl. rotor. 


J^^and 022 for Dixie 8 and 12 cyl. magneto. 



Fig. 36—Bear view of magneto—note hr 
taking out 4 screws the winding coil (28) 
and condenser (1), flg. 80—can bo re¬ 
moved. The magnets (2, flg. 80), are 
exposed and removed when taking eff 
cover. 
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Mea Magneto. 

In the “Mea” magneto the design is such that the magneto Held 
can be moved round simultaneously with the contact breaker so that 
the armature is always in the same position relative to the field when 
the break occurs. This is effected by having a bell-shaped magnet 
mounted horizontally, the axis of the armature and the magnet coin¬ 
ciding. As the contact breaker is moved so also is the magnet to a 

similar amount, and the result is that the spark is of ample strength 

at the retarded position even allowing for the slow speed of rotation. 

This bell-shaped magnet, it is claimed, has some other advantages over 

the ordinary U-shaped magnet, inasmuch that it can hold a greater 
amount of magnetism and retain it at full strength for a longer period. 
The range of advance and retardation on this magneto is 40 degrees. 
The armature and distributor are made practically on the lines of 
the standard magneto with fixed magnets. 

Timing the “Men” magneto: Unless the timing of the mag¬ 
neto can easily be changed by advancing or retarding the gear driving 
the magneto, the coupling should not be keyed to the tapered shaft 
before the magneto is first placed on the engine, but it should be 
clamped on so that the timing may still be somewhat modified if 
found desirable. 

Place the magneto in the position of its maximum retard by turning 
the magneto housing or timing lever in the direction of the armature 
rotation. Remove cover from breaker box and turn armature shaft 
iu direction of rotation until No. 1 appears on the indicator in the 
front fclate of the magneto, and until contact breaker begins to open. 
With the dual type magneto, remove the cover over the battery breaker (driven end of mag- 
) and the number of the cylinder firing can be seen opposite the red line on the magneto 
Ang. Turn armature of magneto until No. 1 on the distributor gear is opposite the-red line 
on bousing and until magneto breaker (not battery breaker) just begins to open. Then tufn engine 
to dead center of cylinder No. 1, and if of the 4-cylinder type, about 1% inches beyond, measuring 
on the circumference of the fly wheel, or from 1-16 inch to 3-32 inch downward on the explosion stroke. 
With 6-cylinder engines, it is preferable to time full retard only slightly beyond dead center. 

After the magneto and engine has thus been set, effect a positive connection between the two. 
Of course contact hole No. 1 of the distributor is connected with cylinder No. 1 by means of cables, 
and so on until all the cylinders are properly connected. 

With the Mea, the engine should be started with spark fully retarded and by increasing the 
speed gradually it can readily be determined if the engine will stand all the advance which the mag¬ 
neto can furnish with the original setting, or whether the whole timing can be further advanced. 
After it has been assured that the best timing is obtained, the coupling should be keyed to the magneto 
shaft. 



Eisamann Automatic Spark Control Magneto. 



Construction of the Elsemann automatic spark control magneto is of the same construction as the 
standard high tension magneto with the addition of the automatic mechanism. 

As for the details of the method by which the automatic timing i* obtained; a cage is mounted on an 
extension of the armature. shaft, and a rectangular block slides in this cage. This block is 
drilled and threaded for the reception of a helically-cut shaft (T). This shaft is the driving shaft, 
which is attached to the gearing. It has a thick, double thread which is square 
cut and the block Blides back and forth on this threaded shaft. 

Centrifugal governor weights are attached to the blocks by means of links, 
weights fly outward when the shaft is revolved, and the acting of the links 
causes the block to slide in the cage. In eo sliding it travels along the threaded 
shaft and as a result the block is slightly rotated. 

The drive of the magneto is applied through the shaft which therefore, is 

unyielding, and as the block rotates it 
carries with it the cage In which it works 
and the armature shaft to which the cage 
is fixed. The armature is thus advanced 
and likewise the contact breaker, which 
is attached to the other end of the arma¬ 
ture shaft, 


When the speed drops, the reverse mo¬ 
tion takes place, assisted by the action of 
a spring against which the governor works 
at all times. By 
means of this de¬ 
vice automatic ad¬ 
vance may be ob¬ 
tained from 18 
to degrees. 


▲—terminal to spark plug from distributor; B—distributor brush; 0—contact-breaker; D—condenser; 
B— distributor gear on distributor to lower gear on armature; F—collector bruah; G—governor weights; 
H— high tension current conductor; J—armature; K—collector spool at end of armature; M—magnets; 
8—safety spark gap; T—spiral thread for spark advancing by centrifugal force action. 


CHART HO. 143—The Mea Pivoting Type of Magneto. The Eisemann Automatic Spark Control 
type of Magneto. 


(Obart 142 omitted by error in numbering.) 






































































DYKE’S INSTRUCTION NUMBER TWENTY-TWO. 





Dixie Compared to the *“ Armature’ ’ Type Magneto. 

The large number of magnetos commercially in use prior to the adveai 
of the Dixie were of the *armature type, therefore used for comparison. 

An “armature” type magneto is shown in fig. 1. The magnetie Unas 
of force hereinafter referred to as flux lines flow from the H to the 8 
pole of the U-shaped magnet through the revolving armature in the dixwe- 

tion indicated by the arrow. The shaded end B of the armature is shown 

in the figure as being under the influence of the N pole of the magnet* 

In fig. 2, the armature has revolved to the right sufficiently for the end 
E to come under the influence of the 8 pole of the magnet. Immediately 
the direction of the flux lines is reversed through the armature as 
shown by the arrow, and at this instant current is generated in the 
winding about the armature, the spark taking place. In praotioe, more 
than one winding ia employed, also an interrupter and a condenser, bet 
the function of these parts need not be referred to here, it being the 

purpose to now show only the differences in the operation of the mag¬ 

netic circuit of the two types. 

Now it is obvious that the mass ocf iron in the armature must isrens 
its magnetic polarity. In fig. 1, it ia saturated with magnetism flowing 
in one direction. In fig. 2, the direction is reversed. This inwl 
must take place in each rotation, so st high speeds the quicker the iron 
reverses the better the spark. As a laminated armature, or one built vp 
of a number of pieces of iron, reverses quicker than a solid one, all good 
armatures are laminated. But it is also evident that to secure the do- . 
sired amonnt of current the armature must be of a certain else to oontsfn 
the necessary wire, and therefore contains a certain amount of iron in 
some form. Now, the more iron beyond a certain limit the slower the 
reversal, also the reversal is not as abrupt. 

Pig. 8 shows the “neutral” position of the armature wherein it ia ob¬ 
ject to flux flowing across through its ends as shown. This position does 

not permit of an abrupt change of flux flow as hereafter described and 
such as occurs in the Dixie. The armature is never completely out m£ flu 
flux, but simply turns around in the flux stream, twisting the lines 
about, but not actually abruptly breaking them. 

Dixie Principle. 

The Mason principle, on which the Dixie operates is shown In Sg. 4. 
The magnet has two rotating polar extremities N S, which are always ef 
the same polarity, never reversing. These poles are in practical eon- 

tact with the inner cheeks of the permanent magnet M, all air gape being 

eliminated. Together with the U-shaped magnet, they form a magnet 
with rotating ends. 

Positioned at right angle to the rotating poles or ends of a field stru ctur e 
consisting of laminated pole pieces F and G (fig. 6) carrying aer o— 
their top the laminated core 0 carrying the windings W. When N la 
opposite G, the flux fliws from one pole N of the magnet to G and 
through the core 0 to F, this action corresponding to what happens in 
the armature type with the armature in the position shown in flg. 1. 

In flg. 6, the pole N has moved over to F and the direction o t tbs 8sw 
of flux is reversed, it now flowing from F through 0 to G. 


Flg. 7 represents the rotsting poles occupying a midway po sit ion be¬ 
tween that shown In figs. 5 and 6. Here the field pieces F and O are 
magnetically short-circuited, as it were, thereby completely scavenging 
stray lines of flux out of the core 0. Compare this with the unoertain 
corresponding action that takes place in the armature type, when the 
armature is in the same position, ng. S. 


Now the first great difference between the Dixie and the “arma¬ 
ture 1 ’ type is in the fact that the rotating poles in the Dixie do ns* 
reverse their polarity at any time, consequently the lag due to the mag¬ 
netic reluctance in this part is eliminated. This partly accounts fler 
the high efficiency of the Dixie at low speeds, for motoreyele* and 
high speed engines. In the Dixie, the windings are actually never In 
the field. The flux is shot through them, as described, producing a hat 
"snappy” spark of peculiar and highly efficient igniting power, ow ing 
to the quick break and absolute reversal of the flux at each revotatien. 
mc With the armature type machine, it is the central core or part aetaa&y 

enclosed by the winding that is laminated, as the ends adjaeeat the wtad- 
Hg' s. ings must be solid. In the Dixie type, not only the core 0, around whleh 

the wire is wound, is laminated, but alto the pole shoes G and F, cones 
quently all parts of magneto subject to reversal of flux are “laminated.” 
The armature type magneto (flg. 8) has a rotating element carrying windings, a laminated eon, a 
condenser, collector ring, etc. 1 

The Dixie rotating element, or armature construction, consists of two pieces of cast iron (NAS) Sg. t. 
end s brass block (B) placed between them. There are no rotating wires. Figs. 10 and 4, shows sore 
clearly how they are positioned between the poles of the magnets. On the 4 ana 6 cylinder magneto, there 
are 8—NAS—poles and on the 8 and 12 cylinder magneto there are 4. see fig. 81 (insert). 

The generating wind- 
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JHABT HO. 148A—The Dixie High Tension Magneto. Above matter taken from manqfaetnrea 
[ascription. Splitdorf Co., Newark, N. J. 

’See page 374, explanation of “armature” type magneto. 
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Fig. 8—*Armature type magneto armature. Fig. 9—Rotating element in Dixie. 

Comparison of Primary Circuits. 

Fig. 8 shows the usual primary circuit in the armature type machine, and 
fig. 12 the same circuit in the Dixie. A, llg. 8, denotes the revolving arma¬ 
ture on which is wound the primary winding P and secondary S. Grounding 
brushes B and BB are necessary to insure % good contact between the grounded 
end G of the primary and the breaker point X, the latter being positioned in 
the breaker mechanism which is movable for timing purposes, it will be seen 
that the free end W of the primary connects to the condenser R, and attention 
is called to the fact that this condenser is built into the armature and re¬ 
volves with it, and the armature must be disassembled to get it out. The shaft 
S is made hollow and a l?olt 0 is carefully insulated where it passes through 
the same, this bolt connecting the free end of the primary ana condenser to 
the insulated point T of the breaker which revolves as a unit with the arma¬ 
ture. 

In the Dixie the core of the coll A, fig. 12, Is stationary, and the Inner end 
G of the primary winding P Is grounded on the core. Q indicates the metal 
frame of the machine, which is put together with screws, so 
there are no brushes or sliding contacts, therefore brushes B, 
BB, fig. 8, are eliminated. 

The brush B is necessary in the armature type to insure 
a good circuit from the revolving armature to the frame of 
the magneto and thence to the engine. 



Tig. 10—Shewing how 
the rotating poles (fig. 
0) are placed between 
magnets of Dixie mag¬ 
neto. 



rig. 12—Simple primary circuit of Dixie. 
No brushes or contacts except breaker points. 


15 (below)—High tension cir- 
t in "armature-fype” magneto. 



__ 1 

Tit- 16—-High tension circuit of Dixie 
magneto. Note direct path from spool 
to distributor. No revolving con¬ 
tacts except at distributor. 


The condenser R In the Dixie Is 
above the coll and is readily removable, it being only neoea- 
sary to tako out two screws. This condenser does not revolve 
as in the armature type. The terminal D is a screw on the 
head of the coil and the wire Z connects to the contact T 
of the breaker. 

High Tension Olrcult. 

Fig. 15 shows the high tension circuit In the 
armature type machine. In the metal armature head 
A is the insulating bushing B, through which the 
free end 0 of the high tension winding passes. This 
connects to a metal ring D carried on the robber 
spool E. A brush F engages the ring and carries 
current to the terminal G, which in turn supports 
one end of connector H, which has a sliding por¬ 
tion I, so it can be removed. The outer end of H 
connects st J to the traveling contact of the dis¬ 
tributor, which in turn contacts on the segment L. 
to which is connected the spark plug cable. It will 
be understood that the high tension circuit is com¬ 
pleted from the frame of tho armature N through 
brush B to the frame of the magneto and to the 
engine and spark plug. 

Fig. 16 shows the Dixie high tension drool*. 
Here the end 0 of the high tension winding goes to 
a metal plate D carried on the rubber side A of the 
coil. Against D bears a connection F, which la 
practically one piece with the traveling contact J, 
which connects to the spark ping segment L, the 
circuit being completed through the spark plug, 
engine frame and frame of magneto in the usual 
manner without brush G. The first difference to be 
noted in the Dixie construction is that the secondary 
winding being stationary, the spool E, the revolving 
ring D and the brush F bearing thereon are entirely eliminated, 
as is also all their troubles, such as punctured insulation in the 
spool E, wear of the brush F, collection of oil on D, etc., and 
tne sliding connection I and member H are eliminated, their 
equivalent being a steel point F turning in contact with tha 
plate D. 

Safeity Gap. 

An efficient safety gap arrangement is provided by the point 
S arranged in proximity to the framework indloated at G, 
fig. 16. Width of gap should be %e to 96*. For high oon- 
presslon engines set 96*. Under high compression, the sparks 
may fire across the safety gap instead of firing in the engine. 
Hissing under such conditions can easily be remedied by 
opening the safety gap so that it will offer a gr ea t er resistance 
to the secondary current than the spark plug gap, undar com¬ 
pression. Sparks should not be permitted to discharge 
the safety gap for any length of time. 


OBABT HO. 148B—The Dixie Magneto— continued. 

*Bee page 274 meaning of “armature-type" magneto. 
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Fig. IS—Breaker (or inter* 
rnpter) of Dixie magneto. 
▲ cam (fig. 17) opens the 
points by raising end of 
arm. The cam is the only 
part of breaker mechanism 
which revolves. See (10), 
fig. 40. of insert. 
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Dixie Breaker and Interrupter. 

Contacts are stationary and do not revolve as in the * ‘armature* * type. 
See fig. 13 and compare it with armature type figs. 1 and 2, page 208. 

To adjust Dixie interrupter points (XY) ; this can be done while mag¬ 
neto is running and intensity of spark can be seen while adjusting. See 
fig. 33 (insert) and note screw for adjusting. 

“Armature” Type Magneto Timing. 

The advance and retard of a magneto is necessary to make up for the 
'’lag" in engine operation as well as variation of speed, fuel, etc. 

Setting “armature” type magneto armature to the time of break of In¬ 
terrupter points is usually accomplished by measuring the distance (X) fig. 
2, page 290, between one of the pole pieces and adjacent edge of armature. 
The breaker is then adjusted so that points are just separating. This, is 
taken as the advanced position of magneto, and with this setting the maxi¬ 
mum spark is obtained. 

Timing “armature” type armature with engine; the usual practice how¬ 
ever, is to place piston on top dead center of compression stroke with 
breaker box fully retarded—with points just opening—this of course in¬ 
creases width of opening of X, fig. 2, with a corresponding 
weakening of the spark. To advance the spark, the breaker 
box is moved so that the points open sooner in relation to 
the piston, thereby obtaining best spark when running. 

It is clear to see that spark will be weak at retard posi¬ 
tion, because gap (X) is wide, consequently the 
sudden surge of the flux line through armature has 
already passed its maximum. 

It has therefore been customary with some arma¬ 
ture type magnetos to use a compromise setting for 
the breaker in which the maximum efficiency of the 
machine is not utilized at full advance setting on 
the engine. This compromise setting permits a 
mechanical advance in such magnetos of approxim¬ 
ately 30 degrees, but it is doubtful if in many of 
these machines the effective range exceeds 12 or 
15 degrees, as the maximum spark of the magneto 
is never utilized. 



V Moves 

mr/f C&L. 


Fig. 17—Shows breaker and housing which when 
retarded or advanced—moves the coll structure 
with which it Is attached, giving same intensity of 
spark at full advance or retard. 

•Fig. 36: A simple 
method of synchron¬ 
ising the position of 
rotor with time of 
opening of breaker 
points, is explained 
in foot note below 
and shown in illus¬ 
tration fig. 36. Con¬ 
tact points should 
separate .020 when 
opened by cam. 

Fig. 37: The 

breaker housing Is 
adjustable. Being 
screwed to coil car¬ 
rying structure it 
can be moved in 
same direction as 
cam operates-if rotor 
gap is too small. If 
too large, rotate in 
opposite direction (to 
adjust for wear of 
fibre bumper also). 

Fig. 38: Correct position of distributor brush In 
contact with segment (A) when breaker is fully 
advanced. Correct position prevents back firing 
and tail burning of distributor segment. 



Dixie Timing. 

The advance and retard of Dixie magneto is ob¬ 
tained by shifting the breaker box, but note in fix. 
17—that it is attached to the “coil structure” (0- 
F-G, fl$s. 4 to 7). Therefore the breaker housing 
and coil structure are all advanced or retarded at 
the same time. See figs. 80 and 82 (insert) which 
will probably make this clearer. An absolute ad¬ 
vance of 30 degrees or more is obtained by simply 
rotating the coil carrying structure to which th% 
breaker box is attached, around the axis of the 
rotating poles N S, figs. 4 to 7 and 17. 

Setting Dixie armature or “rotor” to breaker 
points; the distance X, fig. 2, page 290 (armature 
type illustration used to explain Dixie)—is usually 
.020 inch just as points are breaking. The maxi¬ 
mum rate of change of flux occurs in this position 
of rotor (X, fig. 2)—where rotor wings have just 
reversed the direction of the flux through the core. 

To facilitate this setting of the relation between 
rotor and separation of contact points—a busier 
can be used as shown in fig. 36. The most effec¬ 
tive distance for X is never varied on the Dixie. 

To position breaker or Interrupter box ao that 
points open at desired point—note that the breaker 
housing (fig. 37, this page) can be moved by 
means of set screws (11)—fig. 30 (insert)—around 
the cam, so that the break can be made to occur 
without interfering with adjustment of points. 

To time Dixie'magneto to engine: (1)—place pis¬ 
ton on top of compression stroke; (2)—uncouple 
magneto; (3)—place breaker in retarded position; 
(4)—rotate driving shaft of magneto in direction It 
is driven until platinum points are about to separate. 
(6)—couple magneto; (6)—connect distributor ter 
minals as explained on page 296. 

Above timing is for the 4 and 8 cylinder magnetos, 
also 1 and 2 (twin cylinder motorcycle type (1C 
and M2); also Dixie model 11 and 21. 


On the 8 cylinder, the distributor brush (A2—fig 19, page 293) should be in contact with No. 1 ter¬ 
minal of distributor block—see figs. 22 and 23, page 293. 

To time 6 cylinder, model “60“ magneto—place piston Me of an inch ahead of the end of the com¬ 
pression stroke with timing lever in full retarded position and breaker points just separating. Distri¬ 
butor terminal is connected with No. 1 plug terminal. 

To time 12 cylinder, model “120” magneto: place piston Me of an inch ahead of the end of com¬ 
pression stroke. With breaker or timing lever retarded, turn magneto drive shaft direction of rotation 
until carbon brush A2—fig. 20, page 293 is in contact with segment connected with terminal No. 1 of 
distributor block fig. 26, and 24 and 25, page 293. When points are about to separate—couple magnets. 
See under figs. 24 and 25, page 293 for distributor connections. 

Cams on 4 and 6 cylinder interrupters have 2 lobea; 8 and 12 cylinder, 4 lobes. 


[HART HO. 1430—The Dixie Magneto— continued. 

If a buzzer is connected as shown, it will be in circuit with contact-breaker points. While contact points 
closed buzzer will operate. Turn armature slowly (direction rotation) until instant buzzer ceases—just at 
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Dixie Eight Cylinder Distributor. 





««• 26—12 cylinder distributor. See also 
d*s. 31. 33, 34 of “insert" of 12 cyl. 
magneto. 


bftefMl WVrin* EWma lot Eight CyMw Eagiage 

See figs. 16 and 12, page 291—which will 
assist in making this diagram clear. Note— 
(CW) in fig. 28 is the coil winding and con¬ 
nections—above it is the internal wiring as 
an explanation, see also pages 918, 922. 


Magneto Is driven at crank shaft speed, because 8 cyl. 
4 cycle engines fire 4 cylinders per revolution—this 8 cyl. 
magneto generates 4 sparks per revolution. As firing of 
cylinders take place at cam shaft speed, the distributor is 
geared down 2 to 1 of armature shaft. 


Distributor—On the 4 and 6 cylinder magneto the seg¬ 
ments are placed in one row proper distance apart. On 
Pig. 19—8 cylinder distributor. Note the 8 cylinder magneto there are two 4 cylinder distribu- 

there are two rows of segments. tors (fig. 19), placed side by side, but moulded together, 

and having a double “finger 1} or rotor (fig. 20). Contacts 
are so arranged that one segment in each row is alternately 
in contact. Rotor itself is hard rubber. 


OUTER BOW 


Four sparks are produced during each revolution of the 
drive shaft, at the instant of the “break” from the edge 
of the field structure. There are 4 rotating poles to the 
8 and 12 cylinder magneto as per fig. 31, (insert). On 
the 4 and 6 cylinder magneto there are two. 


Fig. 20 — The “rotor" of the 
8-cylinder distributor (also 12). 


Figs. 22 and 23, show order of 
•parks delivered by 8-cylinder dis¬ 
tributor. 

Figs. 24 and 26, order of sparks 
of 12-cyllnder distributor. 

Terminals on 24 and 25 are marked 1R—12R for 
right hand rotation and 1L—12L for magnetos left 
hand rotation. 

Therefore, (right hand rotation) connect cable from 
terminal 1R to spark plug No. 1 cylinder; cable from 2R 
to spark plug next in sequence of firing and so on. 


The high tension current is collected by brush C, fig. 20, 
which is in contact with the high tension winding (see fig. 
16, page 291), and conducted through the center of the 
“finger” or rotor, to brush (D), thence by means of a 
metal sector, S, fig. 19, moulded in the hard rubber block, 
the current is conducted to either of two sets brushes A1-A2, 
B1-B2, fig. 20, in the wings of the distributor rotor. 

These brushes arranged in sets, become alive alternately 
at the moment when they are actually in contact with a seg¬ 
ment in either of the two rows of four segments in the block 
making it impossible for the spark to jump to the wrong 
segment as in this manner a spark received at any post in 
the inner row of the block will be followed by a spark from 
a post in the outer row but 180° away. 

Dixie Twelve Cylinder Distributor. 

Four sparks are produced each revolution of drive shaft of 
magneto. There are four rotating poles same as on the 8. 

Six cylinders must be fired per revolutions of crank shaft— 
therefore magneto will turn 1% revolutions to 1 of crank 
shaft and distributor is geared 3 to 1 of armature shaft. 

Distributor is two six cylin¬ 
der distributors moulded to¬ 
gether as per fig. 26. Note 
sector (S) in fig. 26, how it 
differs from 8 cyl. sector (S), 
fig. 19. The “rotor” of the 
12 is similar in construction 
as fig. 20. 


TO PLUGS 


CHART NO. 148D—The Distributor and Rotor of Dixie 8 and 12 Cylinder Magneto. 








Driving 
Maestro ^ 


Fig, 2. The silent chmii 
method on a six cylinder 
oar a are also frequently u* 
pi Note sprocket driving 
LA slightly larger* therefore 
sprocket will turn 1% revoln 
on* revolution of crank shaft 


ar 


op. of«e« iiwtO-p CMbiHt 

Magneto Drive. 

The magneto can he driven by gears or chain, but must nut be driven by belt or friction, 
cbo armature must be act In a certain position in relation to the time of sp&rk. A belt woul' 
The method for advancing and retarding the time of spark, is usually by means of m rod cannectc 

end wit h the up ark lever on tl 
ing wheel, the other end count 
the bell crank, thence by a ro- 
interrupter or breaker boa hoi 
By shifting this housing in 
direction of rotation of cam, 
would raise the interrupter a 
interrupt the flow of current 
or in f 'advance/’ 

Ry shifting this housing wit 
tlon of rotation of cam. the ii 
tiou would occur later or "raft 
On some types of magnetos. 
Me a, chart 143, the Sold nugt 
*'advanced**'" and *'retarded” t 
ing the magnet? bodily arou 
arum tore (called pivoting ad 
Advance which can be obta 
magneto, is usually 22 to 35 < 

Speed Relation. 
Speed relation of magneto a; 
to crank shaft: The number i 
lutions of the magneto armatu 
regard to the engine is as fall 
(a) Four-cycle engines: 
der engine, half the speed oi 
3-cvlindi r engine, at *4 speed of crank 
' ‘ ‘ ‘ " A V 


No. 3; Note the ratio of 
gearing to magneto on a *‘T'* 
Ijead 4 cylinder engine. 


Fig, 4. Note the same ratio 
is used on the ‘‘L*’ head 4 
cylinder engine. 


abaft; 2 and 4-cylinder engines, same speed as crank abaft f L ____ . _ 

fl-cytinder engine, at speed of crank shaft; d cylinder engine twice, the speed of crank shaft. 


cam 0, fig. 5 Is generally used, see abo page 299 


Fig, 5, 


(b> Two-cycle e 
1 and 2-cylinder 4 
name speed as crank 
3-oy Under engine, 
speed of crank abaft 
inder engine, twl< 
speed of crank a hi 
cylinder engine, 3 th 
speed of crank shaft 

Distributor Spe 
Fig; 5, mustratl 
ratio of gearing betw 
cam gear and dial 
gear on the 4 and C 
der magneto, (four 
On a 4 cylinder 
armature turns same 
as crank shaft, but t 
trlbutor. turns once 
crank shaft twice, i 
cylinder engine, the 
ture lurna time? 
crank abaft once, or 
lutions to the cron 
The distributor, hi 
turns once to the 
twice. Distributor of 
Inder magneto (see t 
lion), the contact sc 
ere flO degrees 
trlbutor of 6 
noto, contact 
do degrees apart. 


CHART NO. 144—Magneto Drive Methods, Magneto Armature Speed. 
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INSTRUCTION No. 23. 

MAGNETO INSTALLATION: Magneto Speed. Distributor 
Connections. Care of Magneto. Adjustments and Troubles. 
Interrupters; construction and care. Testing Secondary 
Windings. Remagnetizing Magnets. Clockwise and Anti- 
Clockwise Rotation. 


Magneto Driving Method. 


This description applies to the types of 
high tension magnetos with double wound 
armatures. 

The magneto is usually placed along side 
of the engine (see chart 144), mounted on 
a separate base provided for it. The base 
of the magneto is usually made of brass, 
as brass will not become magnetised, there¬ 
fore the magnetism is confined to the mag¬ 
nets, otherwise they would soon lose their 
magnetism. 

+The magneto armature shaft can be 
driven by gears, flexible shaft or silent 
chains. Lost motion should be eliminated, 
and it is advisable to drive the magneto 
through gears with a flexible coupling, per 
fig. 4, page 302. 

The magneto may be driven by chain and 
sprockets if gears cannot be fitted, but the 
arrangement should be such that the chain 


will run with as little slaek as possible, and 
at the same time without placing undue 
side strains on the armature bearings. 

The necessity for preventing slippage pro¬ 
hibits driving the magneto by belt or by 
friction. On silent chain drive there is 
usually an 44 idler 99 or some means pro¬ 
vided to take up the slaek in the chain. 

The magneto must be driven at a fixed 
speed, because the armature must be in ap¬ 
proximately a vertical position and inter¬ 
rupter point just breaking when the piston 
is in the correct position to receive the 
spark (see page 309). The correct position 
for the piston to receive the spark, is just 
an instant before it is at the end of its 
compression stroke. 

The armature is therefore set, by meshing 
Its drive gear In relation to the gear on the 
crank shaft so it will be in this position at 
this time. 


♦Magneto Speed. 

A high tension magneto of standard con¬ 
struction produces a high tension or jump 


spark current; this current being generated 
in the windings of the magneto without the 
use of a separate induction coil. 

Two Ignition sparks are produced during 
each revolution of the armature in the us¬ 
ual type, and these are transmitted to the 
proper cylinders by means of the high ten¬ 
sion distributor, which is integral with the 
magneto. Once during each half revolution 
of the armature the primary circuit is 
broken, and the abrupt interruption of the 
primary current results in the production of 
the high tension current in the secondary 
winding. 

The variation In ignition timing, Is ef¬ 
fected on the magneto Itself, the arrange¬ 
ment permitting the interruption of the 
primary current to occur earlier or later in 
the revolution. 

On a four cylinder engine, four sparks 
are required during two revolutions of the 
crank shaft. The magneto gives two sparks 


or impulses to one revolution of its arma¬ 
ture, therefore it would be geared to drive 
at the same speed as the crank shaft. 

On a six cylinder engine, six sparks are 
required during two revolutions of the 
crank shaft, therefore the armature would 
revolve one turn, and half of another turn, 
making three sparks, while the crank shaft 
made one turn. Therefore on two revolu¬ 
tions of the crank shaft, the armature would 
make three revolutions or six sparks. 

The distributor, however, on both the 
four and six cylinder engine, would revolve 
one-half the speed of crank shaft As the 
distributor brush would make one revolution, 
to two revolutions of the crank shaft. See 
fig. 5, chart 144. 

♦♦A two-lobe cam is generally used on the 
interrupter, with lobes or projections 180° 
or one-half revolution apart. This causes an 
interruption of current every half revolu¬ 
tion of the armature—see C, page 296, also 
page 298. 


Distributor Connections. 


Before the magneto distributor can be 
connected with the spark plugs, the firing 
order of the engine should be determined, 
and in the case of four cylinder four cycle 
engines the firing order must be oither 1, 3, 
4. 2, or 1, 2, 4, 3, or if a six, it would prob¬ 


ably be 1, 6, 3, 6, 2, 4, or 1, 4, 2, 6, 3, 5. 
The firing order may be determined by 
cranking the engine slowlv and observing 
the order in which the inlet • or exhaust 
valves operate, this order of operation be¬ 
ing identical with the firing order. 

—continued on page 297,. 


*See page 294, 306 and 308. 
fThe best method for driving a magneto Is with a flexible coupling, per fig. 4, page 302 and page 312. 


The coupling and shaft is usually driven by a gear. This permits undue strain on armature, if not 
exactly in line and also reduces vibration to armature shaft. The chain drive is the least desirable 
of the thr$e methods. 

If a goal is used to drive magneto direct to a gear on armature shaft, sufficient clearance must be 
allowed between gear on magneto and the driving gear, in order to reduce strain on the armature 
shaft. **See page 922 for cams used on 8 and 12 cyl. engine magnetos. 
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Method of connecting the spark plugs with distributor on four-cylinder engines; when 
engine is firing 1, 3, 4, 2 or 1, 2, 4, 3. Also note the different method of connection when 
the magneto runs clockwise. and anti-clockwise. Clockwise means in the same direction as the 
hands of a clock move, anti-clockwise in the reverse direction. Note when armature revolves 
in one direction, distributor revolves in the opposite direction. This is due to the motion 
of the gears. In the 
case of a . magneto 
the direction of rota 
t i o n clockwise or 
anti-clockwise, is al¬ 
ways stated viewing 
the magneto from its 
shaft or driving end. 

Connecting distri¬ 
butor to cylinder: 

Hiring order 1, 2, 4, 

3. If cam (C) turns 
to the left, set (B) on 
(8) and connect cyl¬ 
inder No. 1 with (8), next segment of distributor in 
direction of rotation would be connected with 2nd cyl¬ 
inder, next with 4th cylinder, next with 3rd cylinder. 

If cam turns to the right, place (B) on (S') and 
connect cylinder 1 with (8'), then next segment or 
cable in direction of rotation with 2nd cylinder, then 
next with 4th cylinder, next with 3rd cylinder. 

If engine fires 1, 3, 4, 2, connect in same maner so that rotation 
brush B, will cause engine to fire 1, 3, 4, 2, in order as they come. 

EH—abbreviation means arm (B) turns right hand, when cam (C) turns to the left; 
IiH—abbreviation means arm (B) turns left hand, when cam (C) turns to the right; P—are 
platinum contact points on interrupter; E—is roller raised by cam (C) which causes separa¬ 
tion of (P); A—is interrupter or contact breaker housing. 

If cam run to left, shifting (A) down would “advance” and up would “retard.” 

The sooner cam separates (P)—quicker the spark—(advance); the later the cam separates 
(P)—later the spark (retard). 

Above illustration is that of the E. W high tension magneto per page 288. Although the four-pole 
rotor is used, as explained on page 256—there are but four sparks delivered to engine during two revolu¬ 
tions of the crank shaft. The cam (0) being a two-point cam and revolving same speed as crank-shaft, re¬ 
sults in two sparks per rev. or four sparks for two rev. The distributor revolves one rev. to crank-shaft two. 



OHAET NO. 145—Distributor Connections. Eelative Eotation of Distributor to Interrupter Can 
Clockwise and Anti-Clockwise Eotation Explained, (see also page 313.) 
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—continued from page 205. 

There is usually a peep-hole on the dis¬ 
tributor provided on magnetos that show 
which contact the distributor brush is on* 
for Instance: When the figure 1 appears 
through peep-hole (see fig. 2. page 310) 
in the distributor disk, the distributor is 
making eontact with terminal No. 1, and 
this terminal should therefore be connected 
to the spark plug of cylinder 1. Bearing 
in mind that the rotation of the distributor 
is opposite to the direction of rotation of 
the armature, the next distributor contact 
that will be made should be connected to 
the spark plug of the cylinder that is next 
to fire. The third and'fourth terminals of 
the distributor should be connected to the 


remaining spark plugs according to the 
firing order. These connections will be 
facilitated by a study of the wiring dia¬ 
grams in chart 145. 

Note the explanation of both four cyl¬ 
inder firing orders are given also the mean¬ 
ing of the term applied to magnetos running 
4 ‘clockwise* * and (( anti-clockwise.' ’ 

A study of these illustrations, especially 
fig. 5, chart 144, will enable the reader to 
also understand the connections for a six 
cylinder engine. It is merely a matter of 
connecting the cable from distributor ter¬ 
minal which is next on contact, to the cyl¬ 
inder which fires next. 


Care of the Magneto. 

protected from “static” electricity—see 


Distributor parts: Distributor plate 
should be removed occasionally for inspec¬ 
tion as to the presence of the carbon dust 
that wears off the carbon brushes. This 
dust may form a connection between the 
distributor segments, and in consequence 
cause a spark to occur in the wrong cylin¬ 
der. Carbon dust that has collected on the 
distributor should be wiped out with a 
doth, the cloth being moistened with gaso¬ 
line should the carbon have become caked. 
After deaning with gasoline, the inside of 
the plate should be given a very light film 
of oil to prevent excessive wear of the 
brush and the distributor plate. 



avoid static effects. C—with this 
arrangement static effects are some¬ 
times felt. I>—running wires through 
brass tubing does not avoid static 
effects. 

**Cabl68. Use only the best insulated wire 
for all electrical connections and especially 
those leading to the plugs. The wires run¬ 
ning from the distributor to the spark plug 
are called secondary cables and should be 


fig. 3 below. (A, B are best arrangements). 

Terminals. Scrape off about 3/16 inch 
of the insulation from both ends of the 
cable, clean the copper wire and screw it 
into tube of terminal (it will not do to 
push it in only) in order to connect the two 
parts thoroughly. Spread out inside the 
tube the portion of the wire which has been 
stripped of its insulation and screw in the 
little screw supplied for the purpose. 

Many a case of ignition trouble has been 
hard to locate due solely to one of the 
strands of wire short circuiting. Therefore, 
if special connections are provided use 
them, otherwise solder the ends. 

^Interrupter Adjustments. 

Among the most Important parts of the 
magneto is the finterrupter (see figs. 1 and 
2 illustration, chart 146); and it is advis¬ 
able to inspect it from time to time. An 
inspection of the interrupter requires the 
removal of cover which is usually secured 
to the interrupter housing by means of a 
spring ring that permits it to be snapped 
on and off. The interrupter lever should 
be moved for assurance that it is free on 
its pivot, and a test should be made of the 
distance between the platinum points. 

Adjustment: When the lever is de¬ 

pressed by one of the steel segments or 
cam, the distance between the platinum 
points should be about .015 to .020 or about 
inch. This distance may usually be ad¬ 
justed by the movement of a platinum 
pointed screw. 

Should it be necessary to replace one of 
the platinum points or to attach a spare 
part, the interrupter may be more comp¬ 
letely exposed by turning lock ring a quar¬ 
ter of a turn to the right or to the left and 
removing it and the interrupter housing. 
The interrupter itself may be removed by 
unscrewing interrupter screw. 

When replacing the Interrupter, care must 
be taken that the key on the interrupter disk 


Static electrical discharge means jumping of high tension current from one wire to another when 
together, even though insulated. 

*The adjustment of the gap at the platinum contact points (see chart 146) on "contact breaker*' 
on magneto, when separated by nose of cam, ought not to be over 1-64 of an inch, however, this is not 
intended for a rule to go by altogether—there is a slight variance on different makes of magnetos. 

On the Bosch ZR4 and Z R 6 magneto the space is .4 of a millimeter, as a millimeter ia l-26tb 
part of an inch, therefore space is very small, about 1/64 in. On the Remy .020 to .026; the Splitdorf 
.020 of an inch. The average is from .020 to .025. **Se® pages 240 and 425. 

tNote: S. A. B. now designate the Interrupter as "Breaker-Box'*—eee foot note page 298. 













HTTAR T JTQ. 146—**Magneto Interrupters: Construction mid Care* 

♦Widening the gap cauaea the interrupter points to open earlier, causing spark to occur whan magTj 
ture Is at ri more favorable position—giving a more intense spark. Closing of gap is just the t 
foregoing, t Usually* a small flat wrench is provided with magneto for adjusting. 

**S. A. E* now designate the Interrupter as "Breaker Boa." The term "Interrupter" is used in 
owing in the fact that this mailer was set up before the designation was adopted. In some instance tl 
111 he made* 
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**Magneto Interrupters* 

The ** interrupter is constructed in yj 
forms* The principle, however, is abou 
same. The purpose of the interrupter is to 
or interrupt the flow of current in the pii 
winding of the magneto armature just a 
armature breaks from the pole cheeks (p 


Figs. I and 2* Two typei of interrupters. 


Single spark cam* Two spark cam. 

. Fif- a* On a single cylinder engine requiring 
but ona spark during two revolutions of the 
crank* a single cam is used which Is attached to 
end of armature* which revolves % the speed 
of crank shaft. The two point cam, however, 
is most generally used. 

On a four cylinder engine the cam would open 
interrupter twice during one revolution, there¬ 
fore it weald run same speed as the engine, 
causing four openings during two revolutions— 
see chart No. 146* 

P latin art 
POINTS SEE IF 
PjTTFO AnD 
PROPERLY 
SPACED 


6REAMEft 


ADJUST!**© 




The interrupter on four cylinder as w< 
the six cylinder engine magneto, must intc 
the current twice during one revolution* 1 
fore a cam with two projections placed 
(half revolution) apart la provided. 

If a cam is not used, then means fo 
complishing the same thing must be pro vie 

Kota the arrangement in fig* 2 , here we 
two cam-blocks (G) stationary to the insi 
the interrupter housing (F) placed ISO" i 
As the disc (D), revolves, the parts G, H, 
A and X revolve with it* 

At the extreme end of (G) is a proji 
(X), when this fibre projection fX) strikes 
block (G), the platinum point contacts (B au 
are opened. (H) is a spring provided for 
ing the points together at other times. (K 
flat metal spring which connects with ter 
(M) and is used to carry current to grou 
switch—see fig. 1, chart 129. 

ilnterrupter adjustment: There is one a 
ment on the magneto which needs watching: 
of the platinum point breaker contact e 
The adjustment should be made so that the 
imum break of the platinum points is 
*015 to *020 inch, or about of an incl 

♦If the engine misses with the spark ret 
(and misses more at low than at high sf 
the contact screw should be screwed out a 
at a time until the missing is overcome 
the engine misses with the spark adv: 
(and more at high speed than at low), the 
tact screw should be screwed in a notch 
time until the missing is overcome. Wher 
rect adjustment is once made, further atte 
should not become necessary for several me 

Note that the adjusting screw is very delicate and 
to be adjusted carefully* If platinum points are * <pltl 
then they should be filer! down flat with a very fine jew 
file. (Bee page 234*) Keep oil away from the points* 
The Spark plug gaps, when used with magneto igr 
should be about 14 * to ^2 0T about .025—see page 235 
Common contact-breaker troubles are; insufficient lui 
tion causing wear: loose breaker bar, fibre bumper wor 


The Remy interrupter 
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fits exactly into the keyway on the arma¬ 
ture shaft, and care must also be exercised 
when replacing the interrupter housing, be¬ 
ing sure it is placed back in exactly the 
position it was taken off. 

The platinum points on the interrupter 
“pit” In time, but not so bad as the points 
on a vibrator coil. The alternating cur¬ 
rent of a magneto does not cause pitting 
of the points as much as the direct current. 
However in time the points are bound to be¬ 
come worn and new ones must be fitted, or 
the old ones dressed down. (See dressing 
platinum points, page 234.) 

The Safety Spark Gap. 

In order to protect the insulation of the 
armature and all other parts from injury 
due to excessive voltage, a safety spark 
gap is provided to permit the passage of 
the current to ground without injury. The 
current will pass across the safety spark 
gap in case a high tension cable is discon¬ 
nected, if the spark gap is too great, or if 
for any other reason the spark plug circuit 
is open. Discharge should not be permitted 
to pass through the safety spark gap for 
any great length of time, however. This 
should be particularly guarded against if 
the engine is operated on a second or auxil¬ 
iary ignition system. When the engine is 
operated on such a system, the magneto 
should be grounded in order to prevent the 
production of high voltage current. 


Oiling the Magneto. 

The over oiling of the magneto should 
be guarded against in order to prevent the 
entrance of oil to the interrupter parts. 
Each of the oil holes is to be given a few 
drops of fine machine oil every two weeks 
or every 1000 miles. The interrupter is 
designed to work without lubrication, and 
the presence of oil on the platinum points 
will give unsatisfactory results, inasmuch 
as it will cause sparking at the points and 
possible misfiring. 

Vaseline is suitable for lubricating the 
ball bearings, but never use oil on the in¬ 
terrupter whereby it will reach the platinum 
points. 

Cutting off • the Magneto Ignition. 

To cut off the ignition the primary cur¬ 
rent must be “grounded,” which will pre¬ 
vent the breaking of the circuit by the 
opening of the interrupter, and conse¬ 
quently prevent the production of the sec¬ 
ondary current. The primary current may 
be grounded by making a connection be¬ 
tween the grounding nut and the engine 
ground, this circuit usually including a 
switch. One terminal of the switch is con¬ 
nected to the engine or frame, the other ter¬ 
minal leading to grounding terminal. When 
the switch is open the magneto will produce 
a spark, but the closing of the switch will 
ground the primary circuit and will pre¬ 
vent the production of the ignition spark. 
(See fig. 5, chart 144 (switch is shown in 
lower part of figure) and fig. 1, page 268.) 


Magneto Ignition Troubles. 


In case of defective ignition it must be 
determined whether the fault is in the mag¬ 
neto or in the plugs. Generally when only 
one cylinder misses, the fault is in the plug. 

Defects of Spark Plugs. 

1st. Short-circuit at the spark gap, due 
to small metallic beads which are melted by 
the heat of the intense spark and form a 
conducting connection between the elec¬ 
trodes. This defect is easily ascertained 
and may be remedied by removing the me¬ 
tallic beads. (See page 237.) 

2nd. If the gap between the spark plug 
electrodes (point) is too great, the spark 
will jump across the safety gap on the mag¬ 
neto. ' In such a case, when the plug is un¬ 
screwed from the cylinder the spark will 
jump across the electrodes of the plug, and 
not across the safety spark gap. This does 
not signify that the distance between the 
electrodes is correct for it must be borne 
in mind that open air has a lower resis¬ 
tance than the compressed air or gas exist¬ 
ing in an engine cylinder. The distance 
between the electrodes when under com¬ 
pression in the cylinders must, therefore, 
be less than is required in the open air. 
The correct gap should be approximately 
ft to %2". 

3rd. Fouling of the plug. If fouling 
should occur, the parts exposed to the burn¬ 
ing gases may very readily be cleaned by 


removing the plugs from the cylinder. This 
exposes the plug core, and it may be cleaned 
with gasoline. 

The spark plug used with a magneto should 
have the point set closer than with a bat¬ 
tery and coil ignition, because, when the 
magneto runs slow the current is not as 
strong as when running fast. With a bat¬ 
tery as a source of supply, the current is 
constant at all times. 

The spark plug cables must be tested, and 
special attention should be paid to ascertain¬ 
ing that the insulation is not injured in any 
way. The metal terminals of the cables 
must not come in contact with any metal 
parts of the engine or with any metal parts 
of the magneto, except the proper binding 
posts. 

♦Diagnosing Magneto Troubles. 

(1) . Engine balks—no spark. 

(2) . Misses at low speeds. 

(3) . Misses at high speeds. 

(1) . Cause of: Broken connections, 
short circuit in primary circuit, or between 
coil and distributor brush. Timing maybe 
wrong or breaker points too far apart. 

(2) . Cause of: Spark plug gaps too far 
apart, or too close; breaker points too far 
apart; loose connections or short circuits; 
weak magnets. 


*See*alBO page 301. 
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(3). Cause ef: Breaker points set too 
close; breaker arm not working freely, loose 
connections or short circuit. 

Ignition falls suddenly. A sudden fail¬ 
ure of ignition indicates a short-circuit in 
the low tension cable, either through a de¬ 
fect in the cable, through a faulty connec¬ 
tion of the switch, or through the presence 
of dirt or moisture. This may be tested by 
removing the grounding cable from binding 
post on the magneto and endeavoring to 
start the engine on the magneto. If the 
engine runs with this wire disconnected, 
but stops when the wire is connected, it 
may be taken for granted that there is a 
fault in the insulation or some other defect 
through which the low tension current es¬ 
capes to “ground.” It is also advisable to 
examine the carbon distributor brush to 
ascertain if it is in good condition.. This 
brush may be exposed by removing distri¬ 
butor plate. 

Irregular firing. Irregular firing is us¬ 
ually caused by the improper working of 
the interrupter, and this part should be ex¬ 
amined. It should be seen to, that the in¬ 
terrupter lever moves freely on its pivot, and 
that the center screw is properly tightened; 
see also that the steel segments or cams, as 
well as the two platinum screws, are proper¬ 
ly secured in position. Furthermore, the 
platinum points should be inspected for the 
correctness of their adjustment, and they 
should be so set that they are about 1-64 of 
an inch apart when the interrupter lever 
is depressed by one of the segments. The 
platinum points should be clean, flat and 
true to one another, and any oil, grease, or 
dirt that is deposited on them should be 
removed. If they are uneven or in bad con¬ 
dition—but only then—they should be trued 
by means of a fine flat file. If the interrup¬ 
ter lever does not move freely on its pivot, 
(as is occasionally the case, particularly 
with new magnetos,) the hole through the 
fibre bushing that forms the bearing should 
be reamed out. This work should be very 
carefully performed, however, and excessive 
reaming guaided against. 

Starting the engine. To start engine it is 
sufficient to give a sudden pull to the start¬ 
ing handle at the moment a spark is to take 
place in one of the cylinders. If the engine 
does not start off at once this may be 
caused by either or all of the following: 

(a) by setting not being done in a proper 
way; (b) by the points of the plugs being 
too much apart; (c) by the cables being 
faulty or the connections being badly made. 
Very often the carburetion is faulty. 

In any case, care should be taken when 
stopping the engine to short-circuit the mag¬ 
neto and to cut off the supply of gasoline 
(by closing throttle) when the engine 
has ceased running. In this way the cyl¬ 
inders are prevented from being filled with 
air. If the cylinders contain gasoline, the 
starting of the engine is always easy. If 


on the contrary, the supply of gaseline 
(throttle) is cut off while the engine is run¬ 
ning, the cylinders get filled with air and 
on restarting, it has to be driven out and 
replaced by gasoline. 

. CoiL If on turning the magneto no 
high tension current is produced, it may be 
that the coil is damaged (this applies to 
low tension magneto with separate coil, or 
the secondary winding on the high tension 
armature), and should be returned to the 
manufacturers in order to have it either re¬ 
paired or replaced. 

Magnets. Bemagnetizing will not be 
necessary unless the magnets have lost their 
magnetism due to the fact of their having 
been taken off and left, for a long period, 
without their bases having first been bridged 
by a piece of iron; or else if, after having 
taken out the armature, no piece of iron 
or steel has been placed on the pole pieces. 
This piece of iron or steel should remain 
there until the armature is replaced. It 
often happens that on remounting the mag¬ 
nets, a mistake is made in placing them in 
the wrong order, whereby their magnetic 
power is completely neutralized. 

When it becomes necessary to take the 
magneto apart you will do well to draw a 
chalk line across one side of all the magnets 
or be careful that the same marks stamped 
on the magnets appear all on the same side. 
All north poles are to be replaced on one 
side and all south poles on the other. 8ee 
charts 148 and 149 for remagnetizing. 

Difficult starting is in many cases caused 
by the fact, that upon stopping the engine, 
the supply of gasoline is cut eff, while the 
ignition only should be stopped. In this 
way the cylinders are filled with air only, 
without any gasoline and no explosions are 
possible. By opening the throttle about one 
quarter of the way, draw in a “mixture” 
of air and gas then engine will start. 

By cutting out the ignition only, there will 
be gasoline vapor in the cylinders instead 
of air and the engine can be set in mo¬ 
tion by half turn of the starting handle, 
i. e., by a sudden pull at the moment of 
highest compression. 

Springs. Examine from time to time 
whether the safety contact spring sliding 
in front of the cam presses sufficiently 
against the cam; as soon as the steel bosses 
are rather worn, the spring should be re¬ 
placed by a new one. By putting some oil 
now and then upon the steel parts, too rapid 
wear will be prevented. 

Oarbon Brushes. The low tension car¬ 
bon brush, as well as the high tension dis¬ 
tributor, will wear off in the course of 
time and have to be replaced by new ones, 
i. e., in the first case as soon as the spring 
presses down on the metal holder of the 
carbon, and in the second as soon as the 
spring of the carbon comes out of its case. 


When magneto armature rubs against pole-piece, it is likely due to worn bearings or broken ball, loose 
screws on armature head, or gears meshed tight causing undue wear on one end of shaft. 
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Synchronizing the interrupter points, cam and 
distributor. If magneto has been entirely disas¬ 
sembled proceed as follows: 

Bosch DU4 as an example: (1st) place dis¬ 
tributor brush on segment—just starting- (2nd) 
place armature in direction of rotation %2 inch 
from pole shoe—just breaking (see fig. 2, page 
SIS); (3rd) breaker to start opening advanced. 


Synchronizing Distributor with Armature. 


Masmeto Trouble Indications. 


Bosch DU4, model 6: (1st) place brush in cen¬ 
ter of segment; (2nd) armature Vie of on inch 
from pole shoe; (3rd) breaker points will start 
to open at full retard. 

Bosch dual system: (1st) place brush Vie inch 
on segment; (2nd) armature breaks from pole V%4 
inch; (3rd) breaker points will separate at full 
advanced position. 


Failure of magneto to give the proper spark 
may be due to: 

Armature: weak current; open primary; 
open secondary; shorted primary or second¬ 
ary. 

Condenser: short circuited; open circuit— 
see page 303. 

High tension circuit: brush on collector 
spool cracked or punctured; loose connec¬ 
tion to collector spool; defective distributor 
brush. 

Spark plugs: improper gap; fouled—see page 
304. 

Magnets: weak; reversed. 

Contact breaker: points worn; points too 
close or too far apart; weak spring—see 
page 304. 

Assembly: gear bearing worn or dry; arma¬ 
ture rubbing on pole pieces and end play in 
Armature, due to loose screws in armature 
head or worn bearings. 

Procedure of Diagnosis. 

If missin g continues to occur and the cause 
-cannot be located, then begin the diagnosis 
as follows; being sure that the 


First Determine if the Trouble is 
Due to the Magneto. 

By first running engine on the battery 
and coil system of ignition—then switch 
on to the magneto side—if the engine be¬ 
gins to miss, yet runs on battery side, this 
will indicate the trouble is in magneto. 

Quite often, however, this test is made when 
engine is running slow and if engine misses only 
on slow speed, try setting plug joints closer to¬ 
gether and adjust interrupter or clean interrup¬ 
ter points, look for a loose wire or strand of wire 
short circuiting. If everything else, including 
carburetion is apparently o. k. and engine runs 
•n coll and battery, bnt misses on magneto, then 
the trouble is likely due to weak magnets or 
punctured or short circuited insulation. 

Before deciding it is the magneto wind¬ 
ing giving the trouble, be sure magnets are 
strong—see test below, and test magnpto, 
per pages 303, 302. 

To Test Magneto on Engine. 

First test which cylinders are missing, per 
figs. 1, 2, page 237. If missing In all, then 
trouble is likely in magneto or carburetion. 
If in one regularly, then likely due to spark 
plug or wiring. 


(1) Spark' plug gaps are correct—about 
y 40 or .025 inch gap. 

(2) Magnets are not weak. 

■(3) Interrupter points are clean and cor¬ 
rect distance apart—about inch, see 

page 304. 

{4) All connections are tight from mag¬ 
neto and switch. 

<5) Magneto is properly set. 

(6) Carburetor adjustment is correct. 

{7) Armature is in perfect alignment—see 
page 302. 

■(8) Determine if missing occurs when run¬ 
ning slow, or fast. 

Magneto Repairs. 


Run engine slowly, advance and retard 
spark, note if missing, then speed engine up 
and advance and retard and notice if miss¬ 
ing, thereby determining if missing is on 
low or high speed—then see page 298. 


If engine is running and spark jumps % 

of an inch and is blue and has volume and 
spreads when blowing on it, then it is not 
likely that magneto winding is defective. 
If it will not jump this far regularly and 
is thin and yellow and cause not elsewhere, 
then test armature winding, per page 304. 

Note: Magneto could continue to give a weak 
spark, even though winding was defective, as only 
part of the winding may be cut out. 


Attaching magneto to engine: A good plan for 
Attaching is shown in fig. 1 (upper illustration), 
chart 147. The base, however, should be brass, 
■or other non-magnetic metal, unless the magneto 
itself is provided with a brasB or alhminum base. 

Magnetos are usually coupled to the shaft which 
drives it, in this case it is an easy matter to 
loosen the coupling and reset it. If, however, 
a coupling is not provided, then it will be neces¬ 
sary to remove the gear case cover and set by 
meshing the drive gear. A good type of coupling 
is shown in fig. 3 (upper illustration), chart 
147. Another type is known as a flexible mag¬ 
neto coupling, this type permits the magneto be¬ 
ing slightly out of line. 

fRemagnetizing Magnets. 

This subject is dealt witk in chart 148. 

To test if magnets need recharging. A good 
way to test, is to place a steel bar or pliers across 
the bottoms or the sides of the magnets on the 
magneto. If they pull fairly strong, you may 
know that they are in fairly good condition, and 
you can ascertain whether or not they are pulling 
fairly strong by testing some other magneto which 
you knew is all right. In doing this, however, 
turn armature so points are just separating. 


Another method is to turn over the armature 
of the magneto by hand as shown below, and 
when the armature gets to 
a certain position resistance 
will be felt. ThU resistance 
is due to the breaking of the 
lines of force by the armature. 
Since weak magnets produce a 
weak field little resistance will 
be felt. The magnitude of 
the resistance w-ill not be 
known to the repairman unless 
he has tried previously to 
turn the armature when the 
magnets were in good condi¬ 
tion or unless he trys another 
magneto and compares the re¬ 
sults. 

Another test is to test the 
magnet’s capacity of lifting 15 
lbs. as shown. On small mag¬ 
nets 10 lbs. would suffice. 

A good plan is to test the 
ability to lift of a new magnet 
of the same size, stc., and compare the results 
with those of the one just charged, or which you 
know is charged. 



♦See index for “testing coils with a test light,” also pages 302, 304. 2M;"tMting coils.” 

1-a! Ii. Dyke, St. Louis is prepared to re-magnetixo and repair coils and magnetos. 
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Tig. 4.— When s coupling 
ii provided for tho magneto 
to the driving shaft, it Is 
* simple matter to set the 
magneto by uncoupling the 
coupling, otherwise the 
gears must be de-meshed. 

The modem coupling is one 
with leather between— aee 
page 312. 
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_ Pitting Magneto. 

Fig. 1.— One method. ef 
fitting a magneto to engtM 
frame ia by means of pin. 

and ib held down on its 
banc by a strap of 
panning over the 
this in a favorite 
The baud ia usually in two 
sections, is illustrated. in 
fig. 1 (above) f thus bring* 
iag the nut (A), which 
tightens or loooono the 
band at a point whies ia 
easily gotten at. In other 
instances, however, the magneto is bolted direct 
to its bale and since the nuts arc below, it ia 
aim oat impossible to remove the magneto after 
the engine has been placed in the ohaaain. It 
jr," might also be worth mentioning, at thia point, that 
’22? p some magnetos are strapped down on iron or 

steel brackets and no precaution taken to oeo 
that brass or non-magnetic fittings are used at the point (A) where the 
tightening bolts joined the straps. A little thought will show that, M 
illustrated, a portion of the lines of force will return by way of the Mh 
■mil base Instead of through the armature. Although the effect of thia may 
not be noticed at ordinary speeds, it will have much to do with determin¬ 
ing the lowest speed at which a good spark is produced. Magnetos there¬ 
fore must have brass or aluminum base, 

Testing & High Tension Coll* 

Connect the low-tension circuit of the coil with a new battery of the same 
sire as ia used on the car, and provide a spark gap of suitable aiae on the 
high-tension side. 

For GO lb. compression the gap should be ^4 in the atmosphere and 
for 90 lb.. % in. Fig. 2 (below), shows the conventional 
which may bo used when the coil is not on the magneto armature. 

The low-tension circuit is closed and then quickly opened, and if the coil 
is in good condition a spark should occur at the high- 
tension gap, fig. 2, also see pages 234 and 236. 

There is no necessity of removing the cell box from 
the car to do this work if the test wires are long enough 
to be attached with the coil in place. 

Unless the internal wiring of the coil is known, BOBC 
experimenting will be required in order to connect up 
with the right terminal. Probably the simplest method 
of procedure is lo note the terminals to which the low 
and high-tension wires are attached, and attach the test 
wires accordingly. 


Testing a Magneto, 

**TeatLag high tension magneto; oil magneto; connect distributor wires to spark plugs and set points 
Mb" gap; then run magnelo 40 mm. at 1,500 r. p. m. with interrupter full advanced and 10 min. at 8,600 
r. p. m. full advance, and 10 min. ISO r. p. m. noting that it runs equally well during last run in either 
advanced or retarded position. 

During the runs the contact points should not spark or flame excessively. There should be no ex¬ 
cessive noiie or stray sparks about, magneto. The ^safety gap in magneto should he Me'' and should net 
■park at any of the above speeds if spark plug gapi are not over ? f\w" during the test. The spark should 
jump the safety gup when armature revolves GO r, p. m, with spark plug or distributor wires removed. 
One method of driving a magneto on a test i* liy an electric motor, per page 304, Another method is shown 
in fig. 5. When testing magneto or coil, run until heated tip. 

Be careful the armature is In perfect alignment. If a ball is broken the armature shaft will be out of 

line and permit armature to rub against pole picett 
or armature bead? may become loose, or drive shaft 
may be w orn unduly on one end of armature by the 
gear driving it meshing too tight. 

How Poor Compression Weakens 
Magneto Magnets. 

If engine haa good compression piston will stop 

on quarter and nut dead center. Result, free petk 
for magnetic lines of farce forming virtusUy s 
complete magnetic circuit per fig, 1. 

If engine has poor compression, even in one cyl¬ 
inder, the piston will stop on dead center. Result, 
the path for the magnetic lines from one pole piece 
to the other is very poor and consequent result it 
the same as when a horse shoe magnet is allowed 
to lay around without its keeper—the magnets will 
gradually lose their magnetism, (from Motor World, 
by Thurston W, Turner.) 
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0HABT HO. 147—Attaching Magneto to Engine. Couplings* Removing Magneto Drive Geeai 
Testing. 

] 1 tester consisting of meter and switch and instructions for testing coils can be secured of A. L. Dyke, Fib, 
Tii, Mo,, price seven dollars. *See pages 273, 275, 299 for safely-gap principle. * * See also pages 801, 804. 
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Magneto Testing Apparatus. 

When considerable testing la done, a countershaft with pul¬ 
leys, and used in connection with a ^ h. p. electric motor 
can be used to run the magneto at various speeds to test the 
length of gap and volume of spark at various speeds—see fig. 17. 

An adjustable gap arrangement can easily be made as per 
fig. 18 Note the length of the gap can be adjusted. 

> To test magneto, place it in the vise. Connect secondary 

terminals to the stationary points P. Place a grooved pulley 
on the taper shaft of magneto and connect it with grooved 
pulley G on the second counter shaft by means of a round 
belt. Then run magneto and test as per page 302 and 804. 
If the spark does not test ont satisfactorily then disassemble 
magneto and test armature and condenser per page 804 t 808. 

To Test Condenser. 

All high tension magnetos and high tension coils are provided with 

condensers, as explained on pages 273 and 228. 

A condenser usually consists of 161 layers of mica insulation ma¬ 
terial, between which sheets of tin-foil are laid so that each layer 
of tin-foil is electrically insulated from its neighbor—see page 228. 
In some coil condensers the paraffined paper is used instead of mica 
which is not as efficient. 

Condensers can be removed, but it is usually necessary to unsolder 
the primary armature winding connections to one of its terminals, the 
other condenser terminal being grounded to the armature frame, per 
fig. 1, page 268. 

Usual troubles are due to the sheets of tin-foil becoming grounded, 
or one of the connections open. Indication of a defective condenser 
is excessive sparking at tne contact-breaker points which become 
pitted white. 


How to tost: Use 110 volt direct 
condenser is properly Insulated and not 
light, then condenser is grounded and 

Another test is per fig. 23; use a 30 volt range volt meter and connect aa shown (and page 414). If 
oondenser is good, no indication will be obtained. If it is grounded, an indication will be obtained. 


irect current with one or two lamps connected as shown in fig. 22. If 
not grounded, the lamp will not light when switch is closed, if it doss 
and if ground cannot be removed, a new condenser is necessary. 


Magneto 

Magnets Made of Steel. 

The magnets used on both low and high tension 
machines are of special tungsten steel made as 
hard as it is possible to obtain them, so hard that 
a sharp file cannot make any impression on the 
metal. Much depends on the class of steel used— 
a special grade known as magnet steel is now being 
adopted. The retention of magnetism by steel is a 
very curious and interesting property. It resides 
only on the surface of the steel, and it is found 
that a much stronger magnet is obtained, weight 
for weight, by making it in sections, one placed 
over the other, than in using a massive single mag¬ 
net. Magnetos have two magnets placed side by 
aide; some have a single large magnet—they were 
formerly two—superimposed. 

Soft stool is easier to magnetize than hard steel, 
bnt the former loses it quickly if submitted to 
vibration. The hard steel magnet loses its mag¬ 
netism very slowly, although the magneto has, as 
a matter of course, to withstand much vibration 
from the engine, etc. 

Weak Magnets. 

After magneto has been in use for approximately 
two years, the magnets may have become weakened. 
The length of time a magneto retains its magnetism 
is governed by the quality of steel used in the mag¬ 
nets and also, to reason explained bottom of page 
802, see also page 301. 

Misfiring will be the result of weak magnets. 
There are other conditions however, to determine 
before blaming the magnets, for instance the miss¬ 
ing may occur from spark plug points not being 
set equal distances apart. 

The best remedy for trouble from this source is 
obtained by having magnets of the magneto re¬ 
charged; but temporary relief often may be ob¬ 
tained by adjusting the points of the spark plugs 
so that all are brought a little closer together; 
and all equally distant apart; that is, the gap be¬ 
tween the points should be the same on all plugs. 
If the gaps are not all the same, then the plug with 
the widest gap generally will be the first to mis¬ 
fire, as a result of weak magnets. 

When running a car slowly on the high-speed 
gear, the engine may be turning over so slowly 
that the magneto will not generate the required 
current and misfiring accompanied by a Jerky action 
of the car will take place. When this occurs, one 
should either shift to a lower gear, or switch over 


Magnets. 

onto the battery. The better plan is to shift to 
the lower gear, if in congested traffic when the car 
speed cannot be increased; for by so doing one 
speeds up the engine and magneto;, more current is 
generated, a hotter spark and missing eliminated. 

*Remagnetlglng Magnets. 

In charging by the nse of an electro-magnet, 
one of which is shown at D (below), unlike poles 
must be placed together. That is, the north or N 
pole of the magnet should be in contact with the 
S or south pole of the electro-magnet and the south 
pole of the magnet with the north of the charging 
, device. The electro-magnet has polarity because 
the fields are wound in opposite directions. It is 
determined easily whether the magnet is in its 
proper position even if the poles are not marked. 
Since like poles repel and unlike attract each other, 
when the magnet is placed in contact with the elec¬ 
tro-magnet cores they should hold fast. If there is 
a repulsion then the magnet should be reversed. 

After charging has been completed and the mag¬ 
nets are assembled onto the magneto it is neces¬ 
sary that like poles be In contact. That is, if the 
magneto has three magnets the north poles of these 
must be in contact as shown in fig. 2. Often some 
figure is painted upon the magnets, such as is shown, 
and when this figure is made by the assembly of the 
magnets the poles are properly facing. It is best 
then to determine the proper polarity by the attrac¬ 
tion and repulsion methods; like poles repel each 
other and unlike poles attract each other. 

Another method to find NAS polo: 8 pole of 
magnet will attract N pole of compass, see fig. 3. 

Keeper: When magnets are disassembled, place 
an iron bar (called the ‘‘keeper’*) across ends to 
retain magnetism. This should be done instantly 
on removing magnets, or after remagnetising. 
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CHABT MO. 148—Condenser Tests. Magneto Magnets. 

•A good magnet re-magnetlxer to operate from a 6 or 12 volt battery or dry cells, price $7.50, can be secured 
A. L. Dyke, Pub., St. Louis, Mo. An attachment to recharge Ford magnets, one dollar extra. 
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Testing The Magneto on The Bench. 


It is not advisable to take tbe magneto apart un¬ 
less you know it is defective. Before taking apart 
read pages 301 and 303 carefully. 

To Disassemble the Magneto. 

Remove interrupter, distributor block, gear hous¬ 
ing, magneto and bearings. This will leave arma¬ 
ture as shown in fig. 27. Be sure and place a 
“keeper” on the magnets the instant they are re¬ 
moved, per page 303. 

To Test Complete Armature. 

**Use a 6 volt battery and test points as shown in 
fig- 27. Connect one test point with primary lead 
and the other test point (T). touch to armature core 
at (C) for instant. The current then travels through 
primary winding and condenser, and is induced into 
secondary winding. 


1-4 Mfttj r• 

8 tt*P 

o * 


It a spark occurs at the test point, and at the 
same time it jumps the secondary gap of % inch, 
then we know the armature has tested out o. k. 

If there ia no apark at all, then we know that 
there is an open circuit in the primary winding. 

If there Is a heavy spark at the test point when 
touching core, then there is a short circuit in the 
condenser or primary winding and it is necessary to 
disassemble armature. This of course, would mean 
a dead short circuit on the battery. 

To Disassemble Armature. 

Remove screws, armature heads, collector spool, 
etc., as shown in fig. 22. 

To Test Secondary Winding 

•A single wonnd primary coll with a vibrator and • 
condenser fitted Internally can be used for this test. 
A *Pfanstiehl coil, is excellent for this purpose, or 
a Heinze coil unit as used on a Model N Ford, with 
the secondary winding short circuited, could also 
be used. 

Only the primary winding in connection with the 
vibrator is necessary, as the secondary winding on 
armature is used instead, hence reason for short¬ 
ing the secondary terminals. 


d ■ I n i n K secondary Is o. k, 

•mVW prta^ then on touching test 

Y.Latd point (T) to armature 

m ~ c= 28 U core, fig. 28, the apark 

l J will jump the % inch 

arn —n * ap * 

S tfiD TI Armature Oort I 

- - -- -JA mIl I If secondary Is short 

. ( 0 I circuited, the secondary 

•H spark on this test, will 

I | e-Toit l* U J arc from secondary wind- 

BoUtrjl \v to armature core, but 

: T® will not jtunp the gap. 

1* seconuary Is open, a spark could occur, as it 

could jump the open gap internally, but it would be 
weak. 

To actually tell If a secondary winding is open, 

about the only plan is to put a very low reading 

H -!— n —|- h sensitive voltmeter, con- 

u — L v\v ■ 11 nected with a 6 volt stor- 

s ft. \\ a$e battery across the 

-czr. 29 U winding per fig. 29. If cir- 

cuit is open, meter needle 
r—-—, - n - , —ly-n will not move at all. If it 

H - 1 — u — 1 - 5_y moves at all, then this cir- 

wwsa T cuit is k- 

\ J Note: Never run current 

H—f through armature when 

. ... J--magnets are on the mag- 

6-voii Batury neto, it may be run through 

in wrong direction and tend to demagnetise them. 

Magneto Spark Plug Gap. 

.020 to .026 Inch or about 44o of an inch is cor¬ 
rect gap. If too wide, starting will be hard and 
there is a liability of breaking down the high ten¬ 
sion insulation of winding If too dose, they are 
more likely to become shorted, due to carbon col¬ 
lecting on gap points. 

Compression of an engine determines type of 
magneto to be used. For instance if magneto is 
used on a high compression engine, then points 
must be closer than on a low compression engine. 
If, however, the magneto is made of sufficient ca¬ 
pacity for the high compression engine, then the 
gap could be normal, or .025. 

Contact Breaker. 

Usual troubles are dirty points; platinum worn 
off; arcing at points; gap too far apart or not far 
enough; points not genuine platinum. 

To test platinum points, use nitric acid, if it eats 
the points, they are not genuine platinum. The 
best test is to use a jeweler’s stone test (ask aay 
jeweler). Platinum, or platinum-iridium is gener¬ 
ally used for points on magnetos and Tungsten 
(which is very hard), for points on battery sad 
coil system interrupters. See also page 234. 


Disassembly and Assembly of tbe Berling Magneto. 

Fig. 22 shows how the parts of the armature on the type E and F Berling magneto disassembled. The 

interrupter which was first removed and the magnets, distributor, etc., are not shown. On most mag- 
__- netos there is but 
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r . one primary ces- i 
pj] nection to the eon- i 
denser, the other | 
I || primary terminal be- , 
i_i! grounded, alee 

irA one terminal of the j 
v condenser. Here 

primary leads are , 
connected to condenser and | 
one terminal of condenser j 
is grounded which gives the . 
same results. The primary | 
leads are soldered to con¬ 
denser. 

Fig- 21 shows armature 1 
parts being assembled. 

Figs. 23 and 24; sec¬ 
tional and top view ef 
completed armature. 


CHART NO. 149—Magneto Tests. Armature Disassembly. 

•This coil can be supplied by A. L. Dyke (Elect. Dept.), Granite Bldg., St. Louis—price $7.50. 
••Secondary is grounded. On some magnetos it connects to two collector rings. 
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INSTRUCTION No. 24. 

"‘IGNITION TIMING: Advance and Retard of Spark. Relation 
• of Time of Spark to Combustion. Relation of Spark to Speed. 
Relation Between Piston, Armature, Interrupter and Distrib¬ 
utor. Setting the Time of Spark. Pointers in connection 
with Setting of Magneto. Setting Time of Spark of Vibrator 
Coil System. Setting Time of Spark on Engines of Leading 
Cars. Spark Control and Overheating. Finding Position of 
Piston. Conversion Table; degrees to inches. 


Since in regular operation of the engine 
the charge is ignited just an Instant be¬ 
fore the top of the compression stroke, the 
magneto armature is so set relative to the 
engine crank shaft that the maximum in¬ 
duction effect occurs at this foment. 

It is, however, necessary to be able to 
vary the point in the cycle at which the 
ignition occurs, since, when the engine is 

**Meanlng of “Advance” 

The meaning of “advance” of spark; to 
cause the spark to occur earlier, before pis¬ 
ton is on top of compression stroke. 

The meaning of “retard” of spark; to 
cause spark to occur later. On engines 
that are cranked by hand, the spark is 
usually set “retarded” after top, so that 
there will be no danger of a kick back. 

The exact position to “advance” or 
“retard” is determined by running as far 
“advanced” as possible at all times until 
a knock is detected, and then “retard” 
until the knock disappears. The driver will 
then soon learn the exact position where 
engine gives the greatest power. Remember 
also, that a retarded spark heats up the en¬ 
gine, see page 69 and 319. 

Control of Spark. 

Principle. As the spark occurs only when 
the primary circuit is broken by the open¬ 
ing of the platinum contacts, the timing of 
the spark can, therefore, be controlled, by 
having these platinum contacts open sooner 
or later. This latter is accomplished by 
the angular movement of the timing lever. 
This movement gives a timing range 
of about 35 degrees. The spark is fully 
retarded when the timing lever is pushed 
as far as possible in the direction of ro- 


cranked by hand, the spark must occur 
after the end of the compression stroke, or 
else the engine may kick back. 

If started by some form of self-starter 
it is then possible to start with slightly 
more advance than when starting by hand, 
because the self-starter turns the engine 
crank faster. 

and “Retard” of Spark, 
tation of the armature and is advanced 
when pushed in the opposite direction. 

Magneto spark control. In order to make 
it possible to vary the time of the spark 
on a magneto, the circuit breaker housing 
(F, by means of lever L, chart 130, also lig. 
3, chart 150) is so arranged that it can be 
rocked around its axis, being provided with 
a lever arm for the purpose, from which 
connection can be made to a spark lever on 
the steering post. 

It will readily be understood that if the 
armature shaft turns right-handedly, and 
if then the circuit breaker housing is moved 
through a certain angle in a right hand 
direction, the contact points A and B will 
separate later, with relation to the position 
of the engine crank shaft; while on the 
other hand, if the housing F is moved in 
a left hand direction the circuit breaker 
point will open earlier. In this way the 
point at which the spark occurs can bo 
shifted through an angle of about 35 de¬ 
grees. 

Coil and battery system control: On the 
Delco and Atwater-Kent or similar systems; 
the advance and retard is obtained by shift¬ 
ing the housing surrounding the timer and 
distributor and also by governor action 
(see charts 117 and 143.) 


Spark Control Methods. 


There are three general principles used 
for control of spark: (1) by hand, to vary 
the spark position, which would be termed 
“variable spark;” (2) by a governor, which 
would also vary the spark according to the 


speed; (3) a fixed spark. 

e 

(1) By hand means the spark lever on 
the steering post shifts the commutator or 
interrupter, (see pages 222, 248, 66.) 


♦For ignition systems, firing orders, valve timing, etc. of motorcycle engines—see Dyke’s Motor Manual. 
•♦Also seo pages 61 and 68. 
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DYKE'S INSTRUCTION NUMBER TWENTY-FOUR. 


Fig. i 



0/ffV£ 

Fig. 1.—Six cylinder magneto speed relation: Note when piston makes a full stroke, or 
crank travels ISO 4 or one-half of a revolution. Armature would turn % of a revolution or 
S70* (A to B). 

Therefore if crank pin made one complete revolution, the armature would make twice % 
of 1^ revolutions. During this 1)4 revolutions it would have made three impulses. 

When the engine crank makes another revolution, then the magneto armature would make 

revolutions more or three revolutions to two of the crank, therefore, it would make six 
sparks during the three revolutions of armature or two revolutions of the crank shaft. There¬ 
fore the armature would then be geared to run 1)4 times as fast as the crank shaft. 

The six cylinder engine crank must make two revolutions to complete its four cycle opera¬ 
tion, therefore it would require six sparks during the two revolutions (720"). 

The distributor, however, having the six plug connections to make during one revolution 
of its rotating brush (B), would have to be geared so it would make a connection every 60*. 

For instance, if crank traveled ISO*, the distributor would travel 00*, 

If crank traveled one revolution or 360°, distributor would travel 1S0°. 

If crank traveled 720° or two revolutions, distributor would travel 360* or one revolu¬ 
tion. 

If on© of the cylinders fired every 120“ (or 
cylinders to fire during two revolutions or 720* 
sparks or impulses during 720* travel of crank. 

Distributor being geared one-half the speed 
placed 60* apart, therefore, when crank traveled 
(B) would travel 60*. There being six segments 
pulses during two revolutions of the crank. 


one-third of a revolution), there being six 
travel of crank, then we would need six 

of the crank shaft, the segments would be 
120* and required a spark, distributor brush 
60° apart, this would give six sparks or im- 



DISTtUSUTOlt 
CLOCK WISH 
COUNTER 
CLOCKWISE 



Ttg. S.—Illustration showing 
circuit breaker in '‘advanced* 1 

petition when magneto arma¬ 
ture ia running ' 'elorkwiae ' 1 
— (right hand). Note cam turn* 
to the right and diatribntor to 
the left. 


Fig. 4.—Illustration allowing 
circuit breaker In ' 1 advanced’ 1 
position when magneto arma¬ 
ture ia running “anti-clock¬ 
wise"* —(left hand). Note cam 
turns to the left and distribu¬ 
tor to the right. 


Note—Although the illastrations, figs. 3 and 4 ehow the cam 
ud distributor, viewed from the interrupter aide of magneto, as 
yp wning clock wise and anti-clock wise, the rule ia to view mag- 
atioa from abaft end —and thus speak of it aa clockwise or anti- 
□r coon ter-clock wise—see pages 313 and 296. 


Fig. 2.—Four cylinder magneto 
speed relations: Note if crank of 
engine travels 180", armature also 
travels 180*. Both traveling at 
the same speed. The four cylin¬ 
der engine requires four sparks 
during two revolution.! of the 
crank. 

The armature gives two sparks 
or impulses every revolution, 
therefore traveling at the same 
speed as the engine crank it will 
give four sparks during two revo¬ 
lutions. 

The distributor would be gear¬ 
ed one-half the speed. Every 
time the crank shaft moved 180* 
or half revolution it would move 
90° or )4r© volution. 

The distributor always runs 
one-half the speed of the crank 
shaft on all four cycle engines. 


CHART NO. iJM>—Explanation of Speed Relation between Crank Shaft of Engine, Magneto 
turn and Distributor. Six and Four Cylinder Type of Magneto as an Example. 
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If a magneto is used, the housing which 
the interrupter arm is placed on, is shifted 
in opposite direction of rotation to arma¬ 
ture to “advance/’ or cause the spark to 
occur earlier, or, in the direction of rota¬ 
tion to cause the spark to occur later— 
chart 150. 

When the spark is advanced or retarded 
by hand, it is left to the good judgment 
of the driver to manipulate the spark lever; 
except where the system is equipped with 
an ‘ 1 automatic 91 advance. 

(2) *The automatic advance is probably 
the most satisfactory with battery and coil 
system of ignition, because the spark occurs 
just at the right time automatically, and 
there is no guessing as to just how far to 
advance or retard at various speeds, see 
pages 249 and 246. 

(8) The fixed spark is sometimes used 
with a high tension magneto, which means, 
the time of spark Is fixed at one position, 
usually advanced, and the contact breaker, 
breaks at one position regardless of speed* 
This system has not proven very satisfac¬ 
tory on engines where speed varies, but 
would be satisfactory if the speed of en¬ 
gine was constant and did not vary. The 
objection, however, would be in starting— 
liability of a kick—for the spark would 
necessarily be placed advanced for proper 
running, (see page 311.) 


The disadvantage in one instance; sup¬ 
pose the car was running up hill, the charge 
of gas would be heavy and throttle would 
be open, - consequently a high compression. 
If the spark was advanced, which it usually 
is with a fixed spark, the spark would oc¬ 
cur at such a time that the combustion 
would take place before piston reached the 
top, because piston would be moving slow 
at ten miles an hour; the result would be, 
the force would be exerted on the head of 
piston causing the momentum of piston to 
buck against the force of the combustion, 
which would invariably cause a knock and 
loss of power. 

A remedy, but one that is not efficient, 
would be to cause the combustion to take 
place later, say on top or after top of com¬ 
pression. We could not do this by shift¬ 
ing the time of spark, therefore, about the 
only resource would be to enrich the mix¬ 
ture, by partly'' closing the air intake on 
carburetor. This would cause more gaso¬ 
line to be taken in and the “rich” mix¬ 
ture would be slower to combust, and the 
effect would be the same as retarding the 
spark. 

Where cars are equipped with a “fixed” 
spark, a rod could be fitted to the air valve 
lever to the dash. The fixed spark, how¬ 
ever, is not at all advisable on variable 
speed engines. 


Relation Between the Time of Spark and Time of Combustion. 


The combustion should take place as the 
piston is on top of the compression stroke, 
(fig. 2), because at that point the gas 
drawn into the cylinder has been forced 
up into the head of the cylinder and is at 
the point of greatest compression—hence 
more force exerted on the head of the pis¬ 
ton when the explosion occurs. 

If it occurs after the piston has started 
down, the compression it not as great. If 
it occurs before the piston reaches the top 
of the compression stroke, it is not as 
great. If running slow, the explosion oc¬ 


curring before the top of the stroke, the 
force will be exerted against the pistons 
travel, and will cause knock and loss of 
power. 

An example: Pig. 1—Note the piston 
is going up on compression stroke, push¬ 
ing or compressing the gas (which was 
drawn in at the previous suction stroke), 
into the head of cylinder. At the point 
piston is now, the gas is not very tightly 
compressed. 

Fig. 2—The piston has now reached the 
top of compression stroke and the gas is 
packed tight into the head of cylinder. 
It is clear that if the combustion took place 
at this time—the force against the piston 
would be greater than if the combustion did 
not take place until piston had passed over 
the top and was on the way down, as in 
fig. 3. 

Also observe that if the combustion took 
place before the piston reached the top 
of the compression stroke, as in fig. 1, 
especially if running slow, the power would 
be exerted on the up coming piston’s mo¬ 
mentum and not only cause a falling off 
of power, but a knock would occur, caused 
by the sudden reverse force. 

Remember, the momentum of the fiy wheel 
carries the piston up and down on the other 
three of the four strokes. 


♦Note—This automatic spark control takes into account variations in speed only. See pages 246 

and 249. 
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Time for the Spark to Occur. 

There is a difference in time, between the 
time the ‘‘spark’’ is made at the spark 
plug, and the time the “combustion” of 
the gas actually takes place. If combustion 
took place immediately that the contact 
was made or broken, then the proper time 
to set the spark to occur would be on top 
of the compression stroke. 

But as stated, there is a slight difference 
in time allowed for the gas to burst into 
full explosion after spark occurs; but as 
we desire that full explosion occur at the 
highest point of compression, we will fig¬ 
ure out just how we can make the combus¬ 
tion take place at the highest point of com¬ 
pression. 

♦First: We must figure out how far in 
advance of the top of the compression 
stroke the spark must be set to occur, in 
order to have combustion take place on 
top of the compression stroke. 

There are two main points to be consid' 
ered; the system of ignition being one; if 
a coil and vibrator system is used, then it 
U natural to suppose that the time con¬ 
sumed in making contact on the commu¬ 
tator and the time of action of the vibra¬ 
tor, will consume more time than a single 
contact, as in a magneto or single spark 
system. Therefore if a vibrator coil sys¬ 
tem is used, we would have to set the spark 
to occur a longer time before the top of the 
compression stroke, than if a quicker single 
spark system of ignition was used. 

The second consideration is speed; if the 
piston was traveling slow, the spark would 
be set (retarded) to occur later or nearer 
the top of compression stroke—than if en¬ 
gine was running fast. 

tSpeed Relation to Time of Spark. 

Suppose engine was running 500 revolu¬ 
tions per minute. Taking (X), fig. 3, as 
top of compression stroke; the distance to 
set spark would be, say at (Y), in order to 
give the combustion time to take place 
when piston was on top of compression 
stroke. 

Now if the spark was fixed to occur at 
(Y) (fig. 3), and speed was increased to 
1000 revolutions per minute, then the pis¬ 
ton would go to the top of compression 
stroke at (X), (fig. 4), and pass over it 
and down to (Y), on the other side or 
down in power stroke, before the process 



would be a loss of power during the pis¬ 
tons down travel between the points (X) 
and (Y) (fig. 4), the full force of the ex¬ 
plosion not being exerted on the piston 
until the latter point (Y) was reached. 

To Increase this, it will be necessary to 
recalculate the piston speed at 1,000 r. p. 
m. and set the spark at a point say, (Z), 
fig. 2, which will allow of complete com¬ 
bustion by the time the piston reaches 
the top of compression stroke (X). 

Setting the time of spark to occur be¬ 
fore the top of compression stroke, is called 
advancing the spark. 

In setting a magneto—the usual extreme 
range of advance on a magneto is 22 to 35*, 
therefore if you wanted to set the spark to 
occur 35° at full advance position so that 
you could have spark occur 35* before 
top, when running at full speed—simply 
place piston on top of compression stroke, 
set contact-breaker in “retard” position. 

If yon only wanted 80° advance at fall speed, 
place piston 5* past the top of compression stroke 
and set breaker box housing at full retard. 


♦♦Speed Relation between Crank Shaft of Engine and Cam Shaft. Also Armature of 

Magneto and Distributor. 


On a four cylinder, four-cycle engine, 
crank-shaft turns two revolutions (or 720 
degrees) to complete its four-cycle operation, 
explained on page 58: cam-shaft turns 1 
revolution; magneto armature turns 2 revo¬ 
lutions; magneto distributor brush, 1 revolu¬ 
tion (see pages 294, 306). 

Four sparks are necessary during the 2 revolu¬ 
tions of crank-shaft, therefore, as magneto arma¬ 
ture turns 2 revolutions, same as crank-shaft, it 
produces 4 sparks, or a spark at every % revolu¬ 
tion. Distributor brush is geared to turn % the 
speed of magneto armature, therefore, it will turn 
1 revolution (360 degrees) to 2 revolutions of 
crank- shaft. As the 4 contact segments on dis¬ 
tributor are spaced 90 degrees apart, then 1 revo¬ 


lution of distributor brush will make 4 contacts, 
producing 4 sparks 90 degrees apart during 1 
revolution of distributor brush, or 180 degrees 
apart relative to crank-shaft, or 4 sparks to % 
revolutions of crank-shaft (see page 294 and fig. 2, 
page 306). 

A two-point cam Is used on magneto contact- 
breaker, which interrupts the primary circuit twice 
during each half revolution of armature. 

On a six-cylinder, four-cycle engine, crank 
turns 2 revolutions to complete the four¬ 
cycle operation, just the same as the four- 
cylinder engine. The cam-shaft also turns 
the same as the four-cyUnder engine, that is, 
1 revolution to 2 of crank-shaft. 


•See page 311. tSee also page 319. **See also pages 294 and 306. 




IGNITION TIMING. 


309 


But six sparks are necessary during the two 
rerolntlons of the crank-shaft, because the crank 
shaft is divided into three pairs of throws (see 
page 122), each pair firing 120 degrees apart, or 
H of a circle. It is then necessary to gear mag* 
neto armature so it will turn 3 times to the crank¬ 
shaft 2, or 1% times to each revolution of crank¬ 
shaft. Armature produces 3 sparks during 1% 
rev., or 6 sparks during 3 revolutions (see page 
806, fig. 1). Distributor brush must turn 1 revo¬ 
lution to crank-shaft 2. therefore, if armature 
turns 3 times when crank-shaft turns 2 times, 
then distributor is geared from armature shaft 
to turn 1 rev. when armature turns 3 rev., or 
yk rev. when armature'turns 1% rev. 


As the 6 contact segments on distributor are 
set 60 degrees apart, then 1 revolution of dis¬ 
tributor brush will make 6 contacts, producing 6 
sparks 60 degrees apart during 1 rev. of distribu¬ 
tor brush, or 120 degrees apart relative to crank¬ 
shaft, or 6 sparks to 2 rev. of crank-shaft (see 
pages 306 and 294). 

A single cylinder, four cycle engine requires 
only one spark every other revolution. The usual 
practice, therefore is to pass over one of the two 
“maximum” positions of the armaturei simply by 
omitting one of the two cams, thus leaving primary 
winding short-circuited. Therefore as magneto is 
driven at cam shaft speed in this instance, a single 
spark is obtained. 


Relation Between Position of Armature To Contact-Breaker 
When Advanced or Betarded. 


Advanced position: Beferring to (M), the 
armature cheek is just breaking from pole 
tip (e), in direction of rotation. This is the 
maximum position, or when current strength 
is strongest. At this time the contact-points 
(P), fig. 4, should separate. We learned this 
on pages 266, 267. 

The magneto Is set at the factory with armature 
in maximum position (M) and the contact-breaker 
housing fig. 4, is placed In an advanced position. 
That is, it is moved opposite to direction of ro¬ 
tation of cam (c). The cam (c) is set so that it 
causes points (P) to separate when contact- 
breaker housing is in the advanced position. 



Armntnrr in Armature in 



Tig, 4—Contact- vu, n Oontart 

breaker advanced started 


Betarded position: Suppose the contact- 
breaker housing is retarded, or moved with 
direction of cam rotation as far as it will 
go, fig. 6, (t28 degrees is average range), 
then points (P) of contact-breaker would 
not separate until armature had traveled 
•further in the direction of rotation, approx¬ 
imately the position shown in (B), at which 
point the armature has passed the maximum 
position and where the current strength is 
weaker. By referring to pages 266 and 267, 
we learned that the current strength be¬ 
gins to weaken the nearer armature travels 
to zero position after maximum position. 

From the above explanation we learn that the 
spark is strongest at maximum position of arma¬ 


ture (M), with contact-breaker in advanced posi¬ 
tion (fig. 4)—and that spark is weaker when con¬ 
tact-breaker is in retarded position (fig. 6)—be¬ 
cause armature has passed the maximum position. 

Let us see what happens when we follow 
out the magneto-setting given on page 310, 
which says: place piston on top of compres¬ 
sion stroke, place contact-breaker in re¬ 
tarded positon, then turn armature in di¬ 
rection of rotation until contact-points just 
start to separate. 

This would place the armature In position 
(B), and contact-breaker in position, fig. 6 
—both retarded. In this position the spark 
would occur when piston was on top of the 
stroke—but we must remember that the 
combustion is not instantaneous, therefore 
allowing for this lag, then the spark would 
occur whew piston had moved slightly down 
after top—which at slow speed is desirable, 
but a weaker position of armature for start¬ 
ing engine on. 

This is why spark plug points ought to set close 
together and why magnetos do not permit engine 
to throttle down as slow as a constant source of 
electric supply, such as a battery. The contact- 
breaker is usually retarded when engine is run¬ 
ning slow and magneto armature is turning over 
slow, for reason stated on page 308, therefore 
both actions tend to weaken the spark. Always 
run as for advanced on magneto ignition as pos¬ 
sible. 

**Aa the speed of engine increases; if con¬ 
tact-breaker was retarded and combustion 
was not instantaneous, as explained above, 
then the piston traveling fast, would move 
further down after top before spark oc¬ 
curred—therefore as we have a rang^ of 28° 
which we can move contact-breaker hous¬ 
ing so that spark will occur earlier, we then 
advance the contact-breaker more and more 
as the speed of engine increases, so that 
spark will occur before top of compression, 
thereby giving the combustion time to take 
place, when piston was on top or just start¬ 
ing down. The more we advance the breaker, 
the nearer wo reach maximum or strongest 
position of armature. Therefore the cur¬ 
rent strength is greatest at high speeds. 

When setting a magneto, the only point to con¬ 
sider is if breaker housing is to be retarded or 
advanced when interruption takes place and posi¬ 
tion of piston. 


fThe average advance range of armature Is 22° to 35°—many magnetos actually having but 22* or 28* 
In which breaker moves from full advance to full retard. The Bosch Co., state that the Bosch 4 cyl. 

standard average speed (less than 2000 r. p. m.), has a timing range of 35° figured on magneto axis. 

On a timer or commutator, it is possible to get as high as 48°. For instance the Atwater-Kent timer; 
the timer shaft will advance automatically about 15* at high speed and the housing itself can be ad¬ 
vanced about 33°—see page 248. **See also pages 308, 319. 

•About Vi 6 in. break from cheek of armature to pole-piece (e) when advanced, is the average break. 
The distance at full retard, would be about 2%2 in. 

A 4 cylinder engine with a speed of 2000 or less, is termed average speed and gap between pole piece 
and armature cheek is Me in. An engine with speed of 2000 to 3600 r. p. m. would be tanned a high 

•peed engine and in this case the gap opening is increased to or %e in. 
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Setting the High Tension Magneto—"Retarded On Top." 

£1)— Place No, 1 piston on top of compression stroke. To find compression stroke, see page 320. 

(2) —Uncouple magneto from its drive shaft (see page 302, fig. 4). If magneto cannot be un¬ 

coupled, then time from magneto gear and gear driving it, by taking them out of mesh. 

(3) —Retard the breaker box (also called interrupter} (F), by turning it in the direction of 

rotation of armature shaft, as far as it will go. 

(4) —Turn armature In direction of rotation until the distributor aim (DA) is on segment 

(S) of No. 1 spark plug cable connection, then turn armature, one way or the other 
slightly; until interrupter arm (A), is just starting to separate the platinum point con¬ 
nection (F) with (K), which of course is caused by cam action as shown. In other 
words, just as the points start to separate, is the time to set the magneto. 

(6)—Couple magneto shaft, or mesh gears driving magneto at this point, being careful to 
not move either the armature or piston—(see page 312). 

(6)—Now see that wire cables from distributor are properly connected, as explained on 
page 296, In this instance, by looking at the distributor connections and noting direc¬ 
tion DA turns, the firing order would be X, 3, 4, 2, 

The above setting is for retarded position of Interrupter and piston on top —this setting would allow 
the spark to occur com iddrably before piston reached top of stroke when Interrupter was advanced, which 
is usually the case with high speed engines, and the average and usual setting. Exact settings cannot 
be given—sec page 811. 


Setting Magneto "Retarded—After Top." 

If instructions said, place piston say, % inch down after center of compression stroke with 
box retarded, then thin would not permit advancing spark so far ahead of stroke, and in some instances, 
this is done on slow speed engines and where very slow running or idling is desired, as truck and 
tractor engines. 

If OTB —The armature turns in opposite direction to distributor, therefore always note direction dis¬ 
tributor turns before connecting cables to plugs. To tell bow an engine fires if yon do not kno w - -see 
page 120. 

The breaker box (F) is sta¬ 
tionary. The arm (A) and (K) 
revolve with armature. 


5R&RK 
FIRES 134,2 


F15T0N m TOP CENTER 
OF COMPRESSION STPOKg 
OF NOICVL 



Usually when viewing 
neto from front of engine, 
magneto would bo facing In 
opposite direction—towards fiy 
wheel, as the rear end of a 
magneto is usually driven from 
front of engine (see fig. 4, 
page 802 and page 812.) 

When breaker points are 
just breaking; the armature 
cheek, breaking from pole (fig. 
2, page 818) is in correct posi¬ 
tion, as it was set at factory. 
Likewise the speed of distribu¬ 
tor to armature. See top of 
page 801. 



Magneto Setting by 
Sight Hole. 

Fig. 2. In some ma 
AOrtrr ZR Bosch for instance, the 
kBOOT magneto can be set by observ¬ 
ing sight hole. 


TO OPE 


Fig. 1 . — Diagram showing how a high tension 
magneto is usually timed; interrupter housing (F) 
is retarded and piston J* placed on top renter of 
compression stroke. 


Piston is placed to firing position, for full 
advance position. This point is determimtd 
by engine manufacturer. 

Armature is then rotated until _ 
can ht seen in window in face of __ 
tion plate. Cover of oil well is then 
and armature turned few degrees in 
rection or other until red mark on 

the distributor gear teeth is brought __ 

register with red marks on the side of the 
window. Magneto is then turned for fhU 
advance position, and gear or coupling is se¬ 
cured to armature shaft. See top of page 2fiT. 



CHART NO. 150A—Setting the Time of Spark of a High Tension Magneto. 

ilio pages 290 and 292. 
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Setlng Time of Spark of Magneto. 


There are three general positions of pis- 
ton* for setting the time for the spark to 
occur with the magneto: 

a) Top of compression stroke. 

b) After top of compression stroke. 

c) Before top of compression stroke. 

▲ variable spark is where the breaker can 
be shifted to advance or retard the time of 
spark. 

▲ fixed spark is where the breaker (or in¬ 
terrupter) is set or fixed at one position and 
cannot be varied, (see page 307.) 

Tn setting a magneto of the fixed spark 
type, the instructions in reference to the 
moving of the breaker housing to the ex¬ 
treme advance or retard position are to be 
disregarded. The magneto should be set so 
that the spark occurs at the most advan¬ 
tageous point in the cylinder. This should 
be decided upon by the engine manufac¬ 
turer, but where such information is not 
available, the spark should occur at top- 
center. 

In setting a magneto of the variable 
spark type, one of three methods can be 
used: 


(a) —by setting the piston on top of compres¬ 
sion stroke and setting magneto breaker retarded. 
In this instance the most advantageous position 
of the piston for the spark to then occur, when 
breaker is fully advanced, is determined by how 
mnch advance the magneto is capable of giving. 
A high speed engine requires more advance than 
a alow speed engine. Magnetos vary from 22* to 
85° or more. However, thie is the average and 
general setting as explained on page 810. This 
Is termed 4 'sotting piston on top and Ignition 
retarded.’ * 

(b) —Sometimes, on truck and tractor engines 
and others, the spark is made to occur, when pis¬ 
ton is down after compression stroke slightly— 
end breaker retarded. This wonld not permit 
advancing spark so far ahead of stroke—unless a 
magneto with a greater range waa used, but this 
is done on slow speed engines and where very 
slow running or idling is desired. 

(c) —By setting the piston before top of com¬ 
pression stroke and advancing the breaker wonld 
be termed 4 ’setting ignition advanced.” The 
point to determine here, as to where to set the 
piston depends entirely upon where yon wish 
spark to occur when breaker is fully retarded. 
For instance, suppose magneto range of advance 
was 85* and you wished spark to occur on top 
of compression stroke, simply set piston 85* 
before top, with magneto breaker full advanced. 
This would mean the tame thing as setting piston 
on top with magneto retarded. 


How The Instructions For 

(1) —set by marks on fly wheeL Usually 
designated on fly wheel by a mark “0“ or 
**F”. This mark is placed in line with 
a punch mark on cylinder which indicates 
that piston No. 1 is on compression stroke 
and the magneto is to be set advanced or 
retarded as instructions may be given, at 
this point. 

(2) —by inches; should the time for spark 
to occur be given in inches, for example; 
“time for spark to occur is full advanced 
position measured 3% inches on fly wheel, 
before upper dead center/ 1 

These are the instructions given to sot the 
valves on the Simplex engine, which is 4% in. 
here, 6% in. stroke and 18% in. fly wheel. 

Wo wonld simply set spark lever or breaker 
on magneto 'at r *full advance” position. Then 
turn fly wheel until the top center of compression 
stroke was reached—at this point a center mark 
on fly wheel is in line with a center mark on 
inspection hole. To have spark occur 8% inches, 
as measured on fly wheel, wonld mean to turn 
fly wheel back or before top of compression stroke 
until this center line was 8% inches away from 
oenter line on inspection hols. This would be 
the position for spark to occur. 

The armature of magneto wonld then bo un¬ 
coupled, breaker advanced, and armature turned 
•lightly until points were just starting to sep¬ 
arate. The coupling would then be tightened 
This setting would cause spark to occur 21 de¬ 
grees before top of compression stroke, with 


Setting a Magneto Vary. 

breaker housing advanced. (I found the degree# 
by referring to table on page 115). . 

(3) —by measurement of armature from 
pole piece, as per fig. 2, page 313, note (e), 
which is the distance the armature is to be 
set with piston on top and breaker points 
separating (see top of page 301). 

(4) —by sight hole, per fig. 2, page 310. 

(5) —by degrees; should the firing posi¬ 
tion be given in degrees, the movement of 
the piston, measured in inches correspond¬ 
ing with any given number of degrees of 
the crank shaft (where the relation of the 
crank shaft throw to the length of the con¬ 
necting rod is as *1:5.4) may be deter¬ 
mined by reference to diagram, page 314. 

Exam p l e: suppose yon were instructed to Ml 
the spark 84* before top of compression stroke— 
4 4 advanced,on an engine with 5% inch stroke. 

(a) Tarn to table on page 814; find 6% 
inches at bottom. Next And 84° to right. Fol¬ 
low instructions for finding result given in chart. 
The distance in inches to plaee piston would be 
midway between % and % of an inch from top. 

(b) With this information you wonld thee 
proceed to place piston, say, within fte inch of 
top of compression stroke. 

(e) The interrupter housing would then bo 
full advanced and armature turned in direction 
of rotation until the cam just started to separ¬ 
ate the interrupter points. 


Timing the Bosch 

This system Is explained on pages 280 to 282: 
Note that there is a battery interrupter and a 
magneto Interrupter (see fig. 6A, page 281). Al¬ 
though both are in the same housing on front of 
magneto—bat one setting; that or setting the 
magneto **lnterrupter Is necessary. 

The battery interrupter is so arranged that it 
will then interrupt or break its circuit approx¬ 
imately 10 degrees later than the magneto inter¬ 
rupter; this feature gives the full timing range 
of the magneto. For instance; if timing lever Is 
fully retarded and magneto Interrupter set to 
break when piston is on top of compression stroke, 
the battery Interrupter, with switch in battery 
position, wonld break slightly after top or 10 de¬ 
grees later. Therefore set the magneto interrupter 
just the same as yon would set the Bosch inde¬ 
pendent type of magneto. 


Dual Magneto. 

Setting Bosch Independent Type. 

Place piston on top of compression stroke and 
interrupter retarded as explained on page 810. 

Magneto Drive Shaft. 

Is usually tapered, therefore the coupling 
should be tapered to correspond. If driven by 
a gear, and teeth are meshed too tight, undue 
strain will result on bearings. 

Breaker and Spark Plug Points. 

Magneto points on dual system should be ad¬ 
justed to open about 0.85 millimeters or slightly 
under inch, and Interrupter points full Mm 
inch. Spark plug points should have a gap of 
about inch to .026. 


*1:4.6 la a ratio equation and means (as 1 is to 4 5/10) or in other words, the connecting red 
is 4% times longer then the crank throw. **See foot note page 298. 
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Example of Setting Time of Spark by Position of Piston. 


Engine used In this example is the Waukesha 4 cylinder truck and tractor engine, per 
pages 833 to 838, using a high tension magneto for ignition. 

In case the magneto has been removed from the engine and its connections have not bean 
previously marked it can be retimed as follows: 



First—open all the priming cnpa on top of 
cylinders and turn the engine oyer slowly until 
the compression stroke begins In No. 1 cylin¬ 
der. This can be ascertained by holding 
the thumb lightly over the priming cup of 
this cylinder and observing that both the 
valves remain closed. 

When compression stroke begins on No. 1 
cylinder stop and remove the cylinder head 
[dug; now insert a ruler and slowly turn the 
engine until the piston comes to upper d — d 
center, or when the ruler ceases ita upward 
movement (see page 836, “timing valves, 
Waukesha engine ' ). 

Second — now measure the distance from 
the top of the piston to the top of cylinder. 

For example, let ns aay 
that the distance meas¬ 
ures 2 inches from the 
top of the piston to the 
top of the cylinder. Turn 
the crank over until it 
I measures 2% inches. 
This means that the pis¬ 
ton has made a drop of 
% of an inch after top, 
on firing or power stroke, 
at which point the spark 
should occur. Replace 
the cylinder head plug to 
prevent any obstacles 
from falling in the cyl¬ 
inder. 

Third — remove the 
bolts (I-B) which con¬ 
nect the flanges (I-D sod 
I-O) (or leather ooupling 
I-G to I-H could be dis¬ 
connected). Magneto is 
driven by a gear is 
front of engine, which is 
driven from crank shaft gear, with an idler gear between. 


Fourth—set breaker (or interrupter) cam in stich a position that 
the distributor arm (T-L) will come on the No. 1 cylinder high ten¬ 
sion terminal in the distributor and so that the contact screws (I-K, 
U) of interrupter, are just starting to open. Letter (I-I) represents 
f bo opening hi- 1 worn £b l- platinum contact* (I-K, I-J) with the spflZk 

lever in the fully retarded position. 


Fifth—replace the bolts (I-B) in tbs flanges (I-D, I-O); that is. 
one on either side of the coupling. 



Sixth—attach the wire which leads from the spark ping on Vo. 1 
cylinder to the terminal marked No. 1 in the distributor p.ate; No. 2 
spark plug wire to the terminal marked No. 2 ; No. t 
•park plug to the terminal marked No. 4, and No. 4 
spark plug wire to the terminal marked No. 8 . (see 
page 206.) 

Never allow tbe ignition wires to lie on or near 
the exhaust pipe, as the insulation will burn off and 
lay the wire hare, causing a short circuit. Spaik 
ping gaps are V 62 " apart. Interrupter points . 020 . 


Fig. 2—A phantom view of the E-41 Berling high 
tension magneto. A “gap-distributor" is used 
(see pages 245 247, 261). Usual setting, i 6 as per 
page 310; retarded, piston on top. Interrupter ad¬ 
justment is .020. (Ericsson Mfg. Co., Buffalo, N. Y.) 


Special pols piece need on Bimms magneto 
!• gtoo equal epark intensity at aU 
speeds 

A special feature of the Simms magneto is the 
design of the pole pieces which have extensions ea 
tne edges following the direction of rotation ft 
the armature. These extended edges keep the edges 
of the armature shuttle within influence of the pole 
in all positions from full advance to full retard. 
That is to say, that at the moment of breaking the 
current the edge of the shuttle is never widely 
separated from the edge of the pole piece. There¬ 
fore current is generated at low or high speed* 
without much loss of intensity. 


IHABT NO. 150 B—Example of Setting Magneto and Illustration Showing How Tbe Magneto h 
Usually Driven. Note magneto faces rear of engine. Berling High Tension Magnet*. 

! Simms Magneto. 
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Timing the Eemy Magneto, 

Model EL is to be timed to the engine 
by the break of the contact points. When 
the piston is on exact dead firing .center, 
earn house must be in full retard position, 
and the platinum points must just be sep¬ 
arating. 

The high tension cable from this cylin¬ 
der, which is in exact dead firing, center, 
should then be connected to the distribu¬ 
tor terminal, corresponding to which the 
distributor segment is opposite. 

The remaining distributor terminals 
should then be connected up in the proper 
firing order of the engine. 

The position of the “inductor or rotor” 
type armature, is just the same as on a 
“shuttle” type armature; the interrupter 
should just be breaking when the “rotor” 
is just leaving the vertical position. 

Sectional cuts explaining the Eemy mag¬ 
neto with its inductor type of armature, are 
shown in chart 126. Set breaker points 
.025 inch gap. 

♦♦Timing the Elsemann Magneto. 

To set this type, turn engine by hand un- 


“BIi” Model. (See page 264.) 
til piston of No. 1 cylinder is on the dead 
center (compression stroke). Place the timing 
lever of the magneto to fully retarded posi¬ 
tion, then turn armature of magneto until 
No. 1 appears at the glass dial of the dis¬ 
tributor plate and make sure that the 
platinum contacts of the magneto are just 
opening. Fix the driving medium in this 
position. 

In order to insure absolute safety when 
cranking on battery, the contact breaker of 
the battery system is arranged so that it 
will open 10 degrees later than the mag¬ 
neto contact breaker. 

Timing the Splitdorf Magneto. 

Set piston on top of compression stroke 
with interrupter retarded. 

Now revolve the armature shaft in its di¬ 
rection of rotation until the oval breaker 
cam comes in contact with the breaker bar 
and just begins to separate the platinum 
contacts. Set coupling or gear at this point. 


Pointers in Connection with the Timing of a Magneto. 


In timing a high tension magneto to an 
engine, we will assume a 4-cylinder, there 
are several points to be considered. 


Firstly—Which way is the armature of 
the magneto to revolve? This will be 
settled by the construction of the engine. 



F*0. 0 —Positions of full retard of tho 
cam plate when looking at the driving 
cud of tho Simpler magneto. Tho flrtt 
view to tho counter-dockwite totting and 
the other tho olock Kite setting 


The magneto 
will probably 
have to be 
driven off one 
of the timing 
wheels, and it 
will depend 
upon the di¬ 
rection of ro¬ 
tation of these 
as to which 
way the mag¬ 
neto must run. 



Tlf. t. Mtttag tto Bo*ek Dual 
HnpiMa, when running ‘ 'clock- 

•I**" 


♦Clockwise and anti¬ 
clockwise^ Every 
maker of magnetos 
supplies machines to 
run either clockwise 
or anti-clockwise when 
viewed from drive end. 

A glance at the illus¬ 
trations showing the 
contact breaker (page 
298) will show that 
the breaker arm should 
be actuated from one 
direction only. Any 


magneto can, of course, 
run backward without 
doing any damage to 
its parts, and frequent¬ 
ly has to when back¬ 
firing occurs at start¬ 
ing, but for making a 
spark it is desirable to 
run in one direction 
only, as given by man¬ 
ufacturers. 

♦♦When a magneto is 
assembled the cam and 
r*. 2 SMtm« the Boech De*i contact breaker are set 

Magneto, when running '•oH . , 

riorkwiee ** in the correct relative 

position. The ii break” of the primary 
current is made to occur when the 
“cheeks” or segmental-shaped sides of the 
iron armature almost bridge the gap of the 
top and bottom of the magnet poles. The 
position is not quite symmetrical, but the 
“maximum” or most favorable position is 
slightly in advance, in direction of rotation 
of a vertical line through the center of the 
magnets and armature, as shown in figs. 2. 



It will be found in most types of mag¬ 
netos that the contact rocker has full re¬ 
tardation point; that is, the actual break 
between the platinums agreeing with the 
armature in this position of maximum 
effect. 


The reason is this: owing to the neces¬ 
sarily slow rate at which the magneto can 
be driven for starting, and as the spark 


Dyke's fonr and six cylinder engine working models of a gasoline engine explain the relation of 
the position of pistons, valves, cams and magneto, as well as the principle of engine and how the 
magneto is attached and operated by engine. 

♦Figs. 2 as viewed from driving end of magneto. **The Eisemann dnal system is similar to the 
Bosch dual. **See pages 309, 301 and 290. tSe^ page 922 for diagram of wiring of model RL magneto. 
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Fig. l.—Spark fully advanced. Fig. 2.—Spark fully retarded. 

Pig. 1. The object of this illustration is to explain the meaning of advance of spark. 
Note the time of spark is occurring a considerable distance before the piston is at the top of 
its compression stroke. This would be causing the spark to occur at full advanced position. 
Fig. a. Note the contact point on commutator has been retarded or moved in the 
direction of rotation, therefore the spark \will not occur until the piston has passed up 
on its compression stroke and part of the way down on its power stroke- 

On a magneto, the contact breaker or interrupter instead of a commutator is advanced 
and retarded, but the principle is the same. 

The angle of movement of contact maker is shown to make the principle clear, consider¬ 
ably greater than obtains in practice. 



The relation of the piston travel 
to the rotation of the crank shaft 
depends on the stroke and the 
length of the connecting rod. 

The piston travel of an engine 
is easily determined, and the de¬ 
termining of the rotation of the 
crank shaft in degrees, corres¬ 
ponding to any desired piston 
travel, may be ascertained from 
the accompanying diagram. In 
this diagram the relation between 
the crank and the connecting rod 
length is as 1:4.5. 

In the diagram the vertical lines 
numbered at the bottom give the 
stroke of the engine in inches, the 
rotation of the crank shaft in de¬ 
grees being indicated by the slant¬ 
ing lines and the figures at the 
right. 

The figure* on the left, and the 
horizontal lines indicate the piston 
travel in inches. 

As an example In the use of the 
diagram, it may be desired to find 
the piston travel for an advance 
of 30* on a motor of 6 inches 
stroke. The vertical line for the 
desired stroke may be indentified 
by the figures at the bottom of the 
diagram, and this vertical line may 
be followed upward until it cuts 
the diagonal line indicating the de¬ 
sired number of degrees, which is 
30* in the present case. 

The horisontal line nearest this 

{ >oint, should be followed to the 
eft, until it meets the diagonal 
line, and this followed to the left- 
hand side. In the present in¬ 
stance it will be seen to indicate 
about M inch. This gives the 
advance in inches, corresponding! 
to 80°. 


GHAUT NO. 151—Diagram for Determining the Advance In “Inches’* or fraction thereof, to Sit 
Piston when stroke is known and when the Time to Set the Spark is Expressed In “Degrees." 


'-mb foot note, page 311 for meaning of 1:4.5. 
it 
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has to be slightly retarded to prevent a 
backfire occurring, the most use must be 
made of the maximum position, otherwise 
there would be too weak a spark produced 
to ignite the gas. 

On the other hand, it must follow that 
on advancing the contact breaker for nor¬ 
mal running, the “ break” will be occurring 
at proportionately less favorable positions 
of magnetic effect; but another factor comes 
into play, which largely compensates for 
this, viz., the increasing speed of the arma¬ 
ture. 

In practice this works well ; and prevents 
the generation of excessively strong sparks, 
which are not required, and only serve to 
fuse up the electrodes of the plug. 

The spark is made sufficiently powerful 
for starting on, by the use of strong field 
magnets and breaking circuit in the most 
favorable position of the armature’s rota¬ 
tion. 

After starting, the intensity of the spark 
will increase as the speed increases, but it 
will never reach an excessive value, by 
reason of the advance of the contact maker 


timing the break before the maximum posi¬ 
tion. 

The “breaking” distance between the 
platinums should never exceed 1-64 inch. 
The amount of range provided for advanc¬ 
ing and retarding, is greater on some mag¬ 
netos than others; an average range is from 
22 to 35 degrees. 

No hard-and-fast rule can be given as to 
the best piston positions corresponding to 
full advance and retardation; but in gen¬ 
eral, a trial setting as per the average plan, 
fig* h chart 15 OA might be tried, in which 
the gear wheels are meshed so that, with the 
contact breaker fully retarded, the piston 
is on top of the compression stroke. 

If it is found that the contact breaker 
cannot be properly retarded at slow speeds, 
without the engine tending to knock, an¬ 
other setting must be made, and the piston 
moved farther on the firing stroke. 

After a few trials and careful noting 
of the pull of the engine, the best setting 
for the particular conditions will be at¬ 
tained. 


Setting Time of Spark—Miscellaneous Systems. 


The old style coil ignition system, with 
“vibrators and commutators” require a 
greater advance than magneto ignition. The 
reason for this is due to the time required 
for contact of commutator, contact of vi¬ 
brator and a possible loss of time for the 
vibrator to start operating. 

Quite often the trembler blade of a vi¬ 
brator coil is adjusted so that the vibration 
is slow to take place, this will cause spark 
to occur too late. The trembler blades also 
occasionally stick, thereby causing missing. 

The vibrator coil also gives a waste of 
current because the ordinary vibrator coil 
produces from four to ten weak sparks for 
each power impulse, whereas one good strong 
hot spark would fire quicker and save cur¬ 
rent. An illustrated example is shown on 
page 250. 

The usual method is to place the spark 
lever midway between advance and retard 
position, so that it will have half of the 
motion to advance half to retard (see fig. 
4, chart 152). 

This should allow ample range for retard¬ 
ing and advancing, but a trial should be 
made with the engine running, and a note 
made as to how the speed responds to 
the advance and retard movement and va¬ 
riation in setting made as found necessary. 

The amount of advance that can be given 
to any engine depends on certain variable 


factors. It is not possible to have as much 
advance on the ignition when the engine is 
running under a load as when, it is running 
light and at a fast rate. 

Note the setting of the spark on the Ford, 
fig. 2, chart 152, as an example of a coil 
with vibrator setting. 

♦Timing the low tension magneto, with 
make and break type of igniter: The ar¬ 
mature of the magneto must be positively 
driven off the engine by means of chain or 
gear wheels. On engines with cranks at 
180 degrees, where the ignition has to take 
place at 90 degrees relative to the cam 
shaft, the armature has to be driven at 
crank shaft speed. 

In the low tension “make and break” 
system the contact breaker is not fitted 
on the magneto; a connection from the 
outer end of the armature winding joins up 
to the terminal of the hammer-break device 
inside the cylinder. 

The general practice when timing (see 
chart 152), fig. 5 is to arrange for the 
mechanism of the break to “trip” when 
the piston is just completing the compres¬ 
sion stroke or a little earlier; say % of an 
inch (or an amount determined by experi¬ 
ment to give the best results), the arma¬ 
ture being, as in the case of the high ten¬ 
sion system, in “maximum” position. 


l Djke'i working model of a magneto explains the principle of a magneto. The armature is 
shown In section as well as the drive gears. The reader can easily figure the relation of speed of 
earn, armature and distributor, also actually practice setting the magneto with this model. 

♦When setting time of spark on a stationary engine, the spark is set to occur, when retarded, 
slightly after compression stroke to prevent kicking back. This type of engine is usually equipped 
with a "make and break" igniter system. 
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Timing the Ignition of the Modern Battery and Coil System. 

This heading would .comprise such systems as the Atwater Kent, page 248; Connecticut* 
page 252; Belco, pages 377, 390; Westinghouse, page 251; Bosch, page 253, and similar system*. 
By referring to the pages the ignition timing is given, (see page 317). 

Timing Commutator and Vibrator Coil System. 

Fig. 4: Owing to the lag and inertia of a coil trembler 
considerable range of advance is required to obtain the 
spark at the mogl effective position of the piston. (This sys¬ 
tem is seldom used—see page 215). 

( 1 )—plnce piston on top of compression stroke; (2) place spark 
lever in center petition of quadrant (SL) ; (3)—set contact on oom- 
mutAlor so it will make contact with No. 1 cylinder. 

This will allow for a range of advance and retard in either direc¬ 
tion from the center. 

T imin g Ignition of the Ford. 

Fig. 2: The Ford ignition timing is as follows; (1st)— 

bring No. 1 piston to top of compression stroke—then move piston down 
after top, about % inch; (2nd)™place spark lever on steering wheel at full 
retarded position (see page 771 showing position of spark lever to retard, 
which would be up); (3rd) “place roller of commutator, on No. 1 segment 
so it will just start to make contact with segment; (5th) —the firing order 
is 1, 2, 4, 3, therefore see that connections from commutator terminals are 
made accordingly; (6th)—set spark plug gap o inch or slightly less. 

Note—This setting ought to bring the roller on cam shaft in line 
with hole provided for it. The Fora uses a multiple type vibrator cod 
and roller type commutator. A fly wheel magneto (page 265) supplies 
electric current. See also, pages 803, 804, 805 and page 785 foa 

"valve timing." 

Fitting an Atwater-Kent system to a Ford (pages 248 and 810) : set 
piston Vi inch down after top—on power stroke— 
with interrupter retarded. This is possible, because 
AK) has a wider range of advance and retard. 
See also page 810. # 

Timing “Make and Break 1 ' Ignition. 

Fig. 5.—Illustrates the principle of timin g 
a low tension magneto using a “make and 
break'*' ignition. 

The armature is in one of the maximum positions 
just as the piston is completing the compression 
stroke and ‘ f break" or ‘‘igniter" mechanism has 
just tripped or broken circuit, (see text, page 315). 
This system is seldom used. 

Checking Ignition Timing. 

When gears are disengaged, which drive magneto or timer be sere 
they are marked—as indicated in figs. 15 and 16. When connecting high 
tension wires—first lenrn the firing order (see page 120 how to tell by 
position of cams) ond then connect as explained on page 296. ns- 
member the distributor on a magneto revolves opposite to armature. 
For instance, see fig. 16; crank gear revolves to left (standing m rear); 
idle gear to right; magneto gear to left and distributor to right. 

In flg is the rotor or distributor turns in a clockwise (right-hand) 
direction so that it next will make contact with the »tationary segment 
No 2 As the engine fires 1, 3, 4, 2, the cable No. 2 should lead to 
No 3 cylinder. No. 3 to No. 4 cylinder and cable No. 4 to No. 2 cyl¬ 
inder. (see page 296,) 

Remeshing Timing Gears. 

Fig, 15. (Overland as an example). Covered by a case, in front of 
engine and behind the lower pulley of the cooling fan, there are four 
spiral gears, the crank-shaft gear, the cam-shaft 
gear, an idler and *the magneto gear. Whoa 

these gears have been taken out assemble as fol- 

Njwtoj 70 . 

lows: 

Torn the flywheel until pistons one and fear 
are on appear dead center, with number oae 
ready to fire. On keying the cam-shaft gear 
and the crank-shaft gear to their shafts, the 
figure 1 on the former will mesh with the 
figure 1 on the latter, as shown in fig. 15. Now 
replace the idler gear so that the figure 3 ea 
crank-shaft gear and figure 2 on the idler aloe 
come in mesh. Finally, mesh the figure 3 ea 
the magneto gear with figure 3 on the idler gear, 
and the proper meshing of the gears will have 
been accomplished (see pages 112, 113, 89). 





CHART NO. 132—Setting the Time of Spark on Coil Systems of Ignition. Timing Ignition of the 
Ford; Checking Magneto Ignition Timing, E enmeshing Timing Gears. See also, pages 112 and lit 
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No variable advance or retardation is 
as a rule provided, reliance being placed on 
the proportionately greater volume or in¬ 
tensity of the spark as the speed increases, 
thus causing more rapid combustion. 

The factors to be determined in timing 
with low tension, are the time of break, 
piston position, and armature position. 

Simple method to aid in setting the * 'make 
and break” Igniter. The former can be 
very accurately set by the aid of an ordi¬ 
nary electric bell and battery, a simple cir¬ 
cuit formed through the “break” device 
on engine. When the break hammer is in 
contact with the insulated stud the bell 


will ring; but, on revolving the fly wheel, 
the moment the circuit is broken between 
hammer abd stud the bell will cease to 
ring. 

If, as should be the case, the fly wheel is 
marked off to indicate piston position, a 
very delicate adjustment can be made. It 
is important in adjusting the hammer-break 
to obtain a break of sufficient length, but 
not an excessive amount. This amount 
varies according to the type of break me¬ 
chanism used. An average distance would 
be about 3-16ths inch, with a maximum 
distance of one-eighth between the hammer 
or tappet and insulated stud, (see # pages 
215 to 217 and 260.) 


Setting the Time of Spark on the Atwater-Kent and Delco Battery, Coil and Timer 


System of 

The time for setting the spark to occur 
when using the Atwater-Kent, Delco and 
similar battery and coil systems differs 
only slightly from the time the spark should 
occur with a magneto. 

The method however differs as there is no 
armature to set. Instead, the timer shaft 


Ignition. 

is set as explained under the timing of the 
spark as per page 250. 

The Delco ignition is set in the same 
manner, see page 390. Also see Remy, page 
318, 251 and Connecticut, pages 251, 364, 
358. 


How to Determine the Setting of Time of Spark on Leading Cars. 


Plrst turn to the index and And “Speci¬ 
fications of Leading Cars;’’ turn to the 
charts and find the make of ignition sys¬ 
tem being used. If it says “ Bosch,” then 
turn to the explanation in this instruction on 
setting the Bosch magneto. If it says “At¬ 


water-Kent,” or “Delco,” turn to index 
for “Delco” or “Atwater-Kent” ignition t 
system and you will find the timing in 
struction. 

This same rule applies to timing the 
valves, carburetlon and other adjustments. 


Verifying the Ignition Timing. 


It occasionally happens that cars turned 
out of the factory hurriedly to meet pres¬ 
sure of orders, are not as well adjusted in 
the setting of the ignition timing as they 
might be, with the result that the car may 
not prove an easy starter. J 

In fact, the writer had occasion to locate 
a trouble of this kind. The nature of the 
trouble was irregular firing and knocking 
when running slow. When running fast 
the trouble disappeared, but in taking a 
steep hill the engine would slow down, and 
right where a retardation of spark was 
necessary, the trouble would make itself 
manifest. The ignition was a low tension 
magneto used in connection with a high 
tension coil. 

The cause of the trouble was found to 
be that the magneto had been set for the 
spark to occur too far before the piston 
was on top of compression stroke when 
spark lever was fully retarded—in other 
words, it was set too far advanced. 

The result was, when running slow, the 
spark would occur and combustion take 
place before piston reached the top of com¬ 
pression stroke, hence the pound. 

By remeshing the gears driving magneto, 
so the spark occurred when piston was on 
top of compression stroke, with full retard 
position of breaker housing, and points of 


breaker just separating at that time, this 
allowed the combustion to take place a 
little later. The trouble then disappeared. 

Testing Ignition Advance. 

*If the ignition is suspected of being set 
too far advanced, then test as follows: 

(1) Place No. 1 piston on top of com¬ 
pression or its firing stroke. This can be 
found, by following out the wires and 
noting when cylinder to be tested will fire. 

(2) Place breaker box in “retarded” 
position. 

(3) Note if the breaker box points are 
just separating when piston is on top. If 
so, the setting is about right for magneto. 

If, however, the points have already sep¬ 
arated, then it is likely there is too much 
“advance,” the amount being determined 
by the distance the spark occurred before 
top. 

If a vibrator coil system, then the contact 
on segment ought to be made when piston 
is say, % inch over top of compression 
stroke with retard spark lever. 

If a change is made of the setting, then 
a trial should be made with the engine 
running, and a note made as to how the 
speed responds to the advance and retard 
movement, and variation in setting made 
if found necessary. 


* Understand, thia rale must not be followed altogether. As some manufacturers set at full retard, 
slightly before top. 
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' Disassembling. 
(1.) Remove hood. 
(2.) Drain radia¬ 
tor. 

(3.) Remove rad¬ 
iator. 

(4.) Remove fan 
pulley and sleeve. 

(ft.) Remove all 
bolts holding gear 
cover to engine. 

(6.) Pry case 
free, taking care not 
to destroy the cork 
--™» should 

traskihift (Mr two sorrtogo Mitt which StlOlC tO to6 COVW 

* th< -I 1 * '"«• and be removed with 

‘MW ho*to l«* Uio woo of t%« goor jj 

Removing Timing Gears: These gears need only 
be removed when to be replaced or a general over¬ 
hauling of the engine, fig. 2. 

(1.) Remove .plunger on springs in gear shaft 

ends. 



J 2.) Remove inspection hole cover on flywheel 
[ erank engine until 1-6-IN-O is at the top. This 
point can be felt by holding a file through the 
hole, with the point resting on the engine side of the 
flywheel face, and slowly cranking the engine. A 
hole is drilled in the flywheel at this point and the 
file will drop into the hole. 

(S.) Mark gear faces so that they may be re¬ 
turned to the same position. (This is not essential 
If new gears are to be installed, but for ordinary 
overhauling will facilitate the assembly.) 

(4.) Remove wires locking cam-shaft gear re¬ 
taining bolts and unscrew bolts. 

(5.) Remove dowel plate. 

(6.) No puller is required to remove this gear, 
as each side of the gear is drilled and tapped 5/16 
in., permitting two cap screws to be used to force 
the gear from the flange. The gear MUST be re¬ 
moved evenly. 

(7.) Use the puller shown in Fig. 1 to remove 
the crankshaft gear. 

(8.) Remove bonnet base strip on generator side. 
(8.) Remove cotter pin and nut holding gener¬ 
ator drive gear on its shaft. 

(10.) Remove timer control rod and spring. 

(11.) Disconnect wire at rear of generator. 

(12.) Disconnect universal coupling. 

(13.) Unbolt generator from base and lift gen¬ 
erator off. (The shims should be marked and kept 
so they may be returned to the same position.) 

(14.) Remove wiring from timer and plugs. 
Mark so that they may be returned. 

(15.) Free timer from engine and remove, noting 
position of distributer brush, so that the timer may 
be replaced in the same position. 


(16.) Remove the screw on timer drive shaft 
bearing plate, freeing timer drive shaft. 

(17.) Remove screws on rear bearing plate. 

(18.) prive generator drive shaft out of gear. 
(It is poor practice to pull this gear off.) 

(19.) Inspect all parts for wear, clean thorough¬ 
ly and provide new parts where necessary. 


The Assembly 

(1.) Replace generator drive shaft in housing 
and drive the gear back onto it. 

(2.) Replace crankshaft gear. „ 

(3.) Adjust valve tappets so that they have .002 
in. clearance between tappet and valve stem, no 
camshaft may be turned from the front to do this. 

(4.) See that the point 1-6-IN-O is still at the 
center of the inspection hole In the flywheel ease. 

(5.) Turn camshaft counter clockwise until the 
inlet valve of number' 1 cylinder starts to open. 
This can best be felt by placing a screwdriver in 
the slot in the valve, as in grinding. By taming 
the valve back and forth the instant it atarto to 
open may be felt. 

(6.) Press camshaft gear in position with the 
teeth so meshing that the retaining bolts stand in 
the center of the adjusting slots. 

(7.) Replace retaining nuts on camshaft goer 
and bring them up so they pinch the gear onto the 
flange. 

(8.) Turn flywheel backward about one-eighth 
turn and then back in direction of rotation, at the 
same time turning the inlet valve of No. 1 cylinder 
with a screwdriver. 

(9.) Stop turning the instant the inlet valve 
starts to open. 

(10.) Note whether point 1-6-IN-O is directly 
beneath the inspection hole in the flywheel case. 

(11.) If it has not yet reached this point, using 
a drift, drive the flange nuts on the camshaft gear 
back in a clockwise direction twice the angular die- 
tance that the point 1-6-IN-6 must go to reach the 
vertical. 

(12.) If it is past this point, drive gear in op¬ 
posite direction in a similar manner. 

(13.) Check timing for No. 6 cylinder in same 
manner. 

(14.) If dowel pin holes in gear and flange do 
not line up, drill new holes and replace strap. 

(15.) Tighten bolts and lock with wire. 

(16,) Replace timer gears and generator taking 
care not to draw the bearings too tight. 

(17.) Set engine on 1-6-IN-O with inlet valve of 
No. 1 cylinder Just opening. 

(18.) Set distributing brush on timer to connect 
with No. 6 terminal, or spark plug wire. 

(19.) Set timer in retarded position. 

(20.) Set hexagonal cam on breaker so that the 
points are Just breaking, Fig. 3. 

(21.) Lock in position with lock nut. 

(22.) Adjust breaker points to about .015 in. 
clearance, and lock adjusting nuts in position. 

(23.) Check adjustment of ignition. An al¬ 
lowance of 1 in. late is permissible. 

(24.) Replace timing gear cover, making sure 
that end thrust plungers and springs are in place, 
and that cork packings are not broken. Hilo should 
be set in shellac on the case side only. 

(25.) Replace fan pulley, fan belt and fan. 

(26.) Replace bonnet base strip. 

(27.) Replace radiator and hose connections, 
making sure that all connections are tight. Com¬ 
mon rubber cement should be used on au Joints. 

(28.) Replace hood. All radiator. 

(Also see page 251.) 


CHART NO. 158 —An Example of Ignition Timing (Remy) and Valve Timing on the Chalmers 
Incorporating a Method of Removing the Timing Gears—(Motor World > 
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♦Spark Control and Overheating. 


As few motorists really understand just 
bow the power efficiency of an is af¬ 

fected by the spark timing, (which is gen¬ 
erally under the control of the operator) the 
following may be of Interest: 

When a combustible mixture has been 
compressed in a cylinder by the rising pis¬ 
ton and the spark occurs, a very amn.ll por¬ 
tion of the mixture in the immediate vicin¬ 
ity of the spark is ignited; and if the mix¬ 
ture is of the proper proportions and suit¬ 
ably compressed, the flame propagation 
throughout the entire combustion chamber 
will be rapid. 

This is as it should be. When combus¬ 
tion takes place intensely heated gases are 
formed, which in their effort to occupy a 
larger volume of space exert great pressure 
on the walls of the combustion chamber and 
upon the piston head. 

As a gas or gaseous mixture is com¬ 
pressed it becomes heated, and the greater 
the pressure the greater the heat. 

If a mixture is of proper proportions, 
the greater the pressure the more readily 
will it ignite, and the greater the speed of 
flame propagation or combustion. 


Thus it must be understood that to get 
the utmost efficiency out of a combustible 
charge it must be ignited at or near the 
point of maximum compression. 

Let it be assumed that a car is being 
driven at a speed of about 30 miles per 
hour, and that the engine is necessarily 
turning over at a speed of about 1200 revo¬ 
lutions per minute, the spark lever advanced 
so that sparks occur when the piston is 
ascending as at (G). 

Ignition we will assume, is complete at 
(H), and combustion at (I), at which point 
the maximum pressure of the expanding 
gases is being exerted. 

Under these conditions the engine runs 
smoothly and cool. 

Now by retarding the spark and advanc¬ 
ing the throttle lever it is found that the 
speed of 30 miles an hour, still can be 
maintained. 

The engine is generating the same amount 
of power, but with the spark retarded and 
the throttle advanced; but after about 30 
minutes 9 running the radiator begins to 
steam and we see that the engine is over- 


On tho other hand as the pressure of a 
combustible mixture is reduced, it loses its 
heat, and its speed of ignition and com¬ 
bustion is also reduced. 






Sereril interesting 
r condition* may be 
i J shown with the dia- 
grama of flg. 2, which 
like flg. 1, represent 
different positions of the 
crank shaft, and of the 
pistons in the cylinders. 


heated. 

What is the causef It is this: The 
spark is retarded so that now it occurs when 
the piston is at (I); compression is already 
reduced so that ignition is slower and is 
not* complete until the piston is at (J), 
and combustion is still incomplete at (K). 

The explosive mixture is now richer in 
fuel, so that more heat is given off than 
under the first mentioned condition; there¬ 
fore, the expansive force is greater than 
before, so that the speed of the engine is 
the same, but note the area of wall surface 
of the cylinder at (K), which now is ex¬ 
posed to this more intense heat. 

The water in the jackets not only hae 
to take care of the heat absorbed by the 
walls of the combustion chamber, but also 
of an excessive amount absorbed by the 
cylinder walls. 


Range of Spark Advance and Retard. 


Fig. 1. Is a diagram showing the range 
of spark advance and retard representing 
different positions of a crank shaft and 
the relation of 'the piston in the cylinder 
at these different positions. 

Referring to this diagram, if an engine is 
running at an extremely high rate of speed 
the spark might be advanced so as to oc¬ 
cur in the cylinder when the throw of the 
crank shaft is ascending and at the point 
(A); thus combustion might be complete or 
so nearly complete by the time the throw 
reached the point (D), that a very strong 
pressure would be exerted upon the piston, 
which is as it should be. 


If the engine were being subjected to an 
extremely hard pull, as in ascending a hill 
on high gear so that its speed is consid¬ 
erably reduced, and ignition were to take 
place at (A), combustion might be complete 
at (B) or (C), and the pressure or power- 
impluse on the piston head would tend to 
turn the crank shaft in a reverse direction. 

If the car were traveling at a very low 
speed or if there were not sufficient mo¬ 
mentum in the fly wheel or the car itself, 
the engine would be stalled, or killed, as the 
saying goes. 

Of course, if the car or engine were travel¬ 
ing at a sufficiently high rate of speed to 


*8se also page 808. 
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carry the crank and piston over this dead 
center, a large percentage of the power 
weald be applied in the right direction, but 
considerable would be lost; there would be 
what is known as an ignition knock, and 
the strain on the bearings would be quite 
severe. 

On the other hand, if the engine has been 
slowed down considerably under hard pull 
and the ignition is retarded so as to occur 
at about (C) or (D), combustion might be 
complete at about (E) or (F), or perhaps 


even a little farther down where the lever¬ 
age on the crank shaft is greatest, and thus 
the greatest amount of the downward pres¬ 
sure on the piston is utilized. 

It must be remembered that the greatest 
power is dependent upon the momentum or 
torque of the fly wheel. 

An engine always should be ran with the 
spark advanced as far as possible without 
causing it to knock or lose power, and it 
will overheat, if caused to ran for any great 
length of time with a retarded spark. 


Finding Position of the Piston. 


In the previous matter we have men¬ 
tioned about placing the piston on top of 
compression stroke. To tell when piston is 
•n top of compression stroke is explained 
below. 

N Usually a mark is placed on fly wheel to 
indicate when piston is at top. For instance, 
if a four cylinder engine, a mark will likely 
be on fly wheel as ”D C 1-4 ,* 9 meaning 
1 * dead center up 1 ft 4” or one and four 
pistons are at top of stroke. If a fix cyl¬ 
inder it would probably appear as “D C 
1-6 up,” meaning pistons 1 & 6 on top. Or 
mark may be, ”1-4 up” or ”1-6 up,” 
meaning the same. 

It is necessary to find, however, just 
what stroke the pistons 1 & 4 or 1 ft 6 are 
up on, therefore watch the valves; on cbm- 
pression stroke, both valves should be 
closed. Or watch when inlet valve opens— 
piston is then starting down on suction, 
therefore the next (up stroke) must be 
* ‘ compression . f ’ 

The fly Wheel will then have to be turned 
until this mark is centered with an indica¬ 
tor mark usually on cylinder or some cen¬ 
tral point, see pages 102 and 104. 

From this point the fly wheel is turned 
to the right, to place piston before top of 
stroke, or to left, to place piston after the 
top of compression stroke. ThiB rule ap¬ 
plies when standing behind fly wheel, when 
fly wheel is on rear of engine. 

The exact point, however, when the pis¬ 
ton is on top of compression stroke is 
rather difficult to determine. 

If engine happens to be a ”T” head 
motor with a compression cock in the cen¬ 
ter, then it is easy to find when piston is 
on top of compression stroke by placing a 
wire or bicycle spoke through the pet cock 
and turn the engine over; when the wire 
rises to its highest point the piston is on 
top of dead center. 


On a four cylinder engine, when No. 1 
piston is on top, No. 4 is on top also. On 
a six, when No. 1 is on top No. 6 piston is 
also on top. 

Therefore, to find when this particular 
piston you propose to work from, is on com¬ 
pression stroke; watch the valves. Both 
valves will be closed. The exhaust cam 
would be at a position where it would open 
the exhaust valve after one movement or 
stroke—this stroke being the power stroke. 

If cylinder is of the ”L ” head type it 
may not be possible to get a wire into the 



cylinder. In this case open compression cock 
and place your finger over it, have some one 
crank engine slowly until you feel compres¬ 
sion; let this escape gradually. When the gas 
has ceased escaping, the. piston is at or near, 
top dead center. The compression stroke is 
found by watching when 'both valves are 
closed. 

This plan is uncertain however, and the 
best plan is to remove lower crank case 
and turn the crank until the connecting 
rod and crank shaft throws are straight up 
and down, in line; at the same time watch 
the valves as mentioned above. 

This procedure however, is not necessary 
if there are marks on the fly wheel to indi¬ 
cate just when pistons are on dead center. 


To determine the end of the compression stroke in any cylinder (Overland as example); turn the 
crank until the exhaust valve in that cylinder, which is the one directly beneath the priming cup. 
has just reached its seat; and then turn the fly wheel approximately one revolution, stopping when 

the mark 1-4 UP (or 2-8 UP) is at its highest position and in line with the guide mark on the baek 

end of the crank case. Another method is to turn the engine while the hand is held over the opes 

priming cup and idontify the compression stroke by the escape of air. After the fly wheel is in the 

proper position install the timing unit as directed. 
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INSTRUCTION No. 25. 

ENGINE STARTERS: Ignition or Switch. Primer and Ignition. 
Compressed Air. Acetylene Gas. Gasoline and Air. 
Mechanical Starters. Parts of an Electric Starting Motor. 


The first form of self-starter was the The Christensen gasoline and air starter, 
Ignition starter. It is still used but to no fig. 6, page 322, Is used on aeronautical en- 


great extent in connection with the priming 
systems and gas systems of starting as ex¬ 
plained in chart 164. A special form of 
switch however, is sometimes provided 
which causes a spark to occur in all cyl¬ 
inders simultaneously. 

It is posible to start any engine ocasionally on 
the switch, if the cylinder in which the spark is 
made at the time, happens to have a charge of 
gas and the ignition is a battery and coil system, 
either as an auxiliary or regular system. If, 
however, the magneto system and breaker is 
used in connection with a non-vibrating coil, then 
the chance of obtaining the spark is not so great. 
The breaker points 'will not permit the opening 
and closing of circuit when engine is idle. 

Therefore a special connection is usually pro¬ 
vided on the coil in the form of a button switch. 
This applies to four or six cylinder engines. The 
principle is this; there is always a certain amount 
of unexploded gas remaining in one of the cylin¬ 
ders when engine stops, especially if driver has 
taken the precaution to open his throttle before 
engine stops. Therefore, if a spark occurs in the 
cylinder this unexploded gas will combust and 
give enough momentum to start the engine. 

As stated above, if a coil system is used, the 
switch can be thrown on and a quick movement 
of the spark lever, its full length will cause con¬ 
tact to be made on. the timer or commutator, 
thereby causing a spark in one of the cylinders. 

Naturally the cylinders must be in good condi¬ 
tion. The piston rings must be tight so the com¬ 
pression will not be lost by leakage. When stop¬ 
ping the engine the throttle ought to be opened 
part way so as to admit a full charge of gas to 
the cylinders, in order to make starting easier. 
The engine must of course be speeded up, but by 
holding the clutch out. 

The priming method of starting was the 
next method used. Instead of depending 
on the pistons to draw in a charge of gas, 
a special pump was devised as shown in 
fig. 3, chart 154. This pump forced a 
charge of carbureted gas into the cylinder. 

The acetylene gas idea of starting de¬ 
veloped from both of these systems. The 
Presto-lite Co. worked out a very satisfac¬ 
tory system for starting as explained in 
fig. 6, chart 154. This system also em¬ 
ployed a special electric connection for 
igniting the gas. 

The compressed air system was first used 
by taking the pressure from the exhaust, 
storing it into a tank, then distributing it 
to the cylinders. The compressed air starter 
is divided in two classes; the type which 
uses a pump, operated mechanically from 
the engine to store fresh air into the air 
tank, as shown in fig. 4, chart 154. The 
other type; the exhaust gases are stored into 
a tank. 


glnes, as the Thomas, Sturtevant, Roberts, 
Duesenberg, Hall-Scott, Curtiss, Wisconsin 
and others. Also motor boats, trucks, trac¬ 
tors and automobiles. 

Principle: this starter does not crank the 
engine but starts it as follows: The engine 
when running, uses gasoline and air, prop¬ 
erly mixed, as its fuel. When not running 
it cannot be started ordinarily only by 
cranking by hand or some other starter. 
The Christensen starter supplies this mix¬ 
ture to the engine in ready-made form, un¬ 
der compression, to each of the cylinders in 
firing order so that the engine is started on 
the first touch of the button. 

The parts are shown in fig. 6 and consists 
of the compressor; a clutch for engaging and 
disengaging same; a carburetor chamber (in¬ 
dependent from engine carburetor) and a 
distributor, timed with the firing order of 
the engine; a control valve, which is used 
for starting the engine and for engaging tins 
air compressor; a tank for holding the air 
' and a gauge telling how much air the tank 
contains. 

Into each engine cylinder a starter check 
valve is screwed, (usually in the priming 
cup opening) and a pipe runs from the 
check valves to the distributor. 

Method of attaching: The starter unit is 
usually driven by Oldham coupling from 
the crank shaft or cam shaft, and is 
mounted in the most convenient place. (The 
Christensen Engineering Co., Milwaukee, 
Wisconsin.) 

The mechanical starter is made in many 
and varied forms, one being shown in chart 
154. 

Therefore, we have the several classes of 
self-starters classified as follows: Ignition 
or switch starter; primer and ignition; 
acetylene gas; compressed air; gasoline and 
air; mechanical and electric. 

Electric Starter. 

The electric starting motor has many ad¬ 
vantages over other systems, in that the 
motor is easily applied and manipulated. 
The source of electric supply is derived from 
a storage battery which is kept recharged 
by an electric generator (dynamo). 

The electric starter is the system in general 
use and will be treated in the next instruction. 
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Fig. 4.—Compressed air starter: The Stewart starter 
for the Ford, cranks the engine from the front end of the 
erank shaft in exactly the same manner it would be 
cranked by hand. To start the engine, it is only necessary 
to press the pedal which is installed on the foot-board. 

The starter motor, or cranking unit. Is an air-tight cham¬ 
ber, circular in form and replaces the crank handle. 

Passing through this is a shaft which engages the engine 
shaft, the same as the crank handle formerly did. Within 
the cylinder is a stationary head; also a revolving valve. 

This valve is attached to a collar through which the starter 
shaft passes. In operation, the charge of air is, admitted 
Into the starter motor at a point between the stationary 
head and the revolving valve. This air pressure forces the 
revolving valve to make almost one complete revolution. 

Inside of the collar, attached to the revolving valve is a pawl which 
engages the grooves or teeth in the starter shaft. A 4 ‘driving" 
clutch 4s attached to the end of this starter shaft. 

▲ "driven" clutch is installed on the end. of the engine crank shaft. 
The driving clutch engages with the driven clutch in the same 
manner as formerly, when the car was started by the old crank 
handle. (Stewart Speedometer Oo., Ohicago, Ill.) 


CYLINDER CHECK. VALVES 


Fig. S.—A primer starter: Cylinder p 
mere are all operated very much along I 
same lines, the fuel being injected ii 
either the cylinders themselves through si 
cial priming cocks or into the intake mm 
fold. A hand operated pump is usually used 
to draw the gasoline from the supply teak 
to the feed pipe. The gasoline is brought 
into the primer cylinder from the carbure¬ 
tor supply pipe. It is then forced into the 
intake manifold through a special form cf 
spray noszle. An upward stroke of the 
handle fills the primer cylinder, and a 
downward stroke forces it into the valve 
chambers of the engine. With all priming 
systems it is necessary to have a spark at 
the correct time—see text, page 282 far 
"starting on the switch." 


PNEUMATIC 

qAUGE 


Fig. 2.—A mechanical starter: Ibis 
device (S) is attached to the front 
of the car in place of the ordinary 
starting crank. It is about the sis* 
of an ordinary automobile headlight 
and looks Like one reversed. Them 
are two powerful springs in the de¬ 
vice which are released by a very 
slight pressure on a pedal (H> which 
is located near the driven seat 
1 American Ever Ready Works, Lone 
Inland City, K. Y.) 


QA5ULLNt 

INLET 


UNIT 


OVERFLOW 


Fig. fl—The Christensen gasoline- 

air method of starting {page 321). 



Fig. 6.—Gas starter: The Prestollte gas starter 
system permits the starting of the engine by the 
injection into each cylinder of a measured amount 
of prest-o-lite gas, which is exploded by pressing 
the button on the ignition switch. (See ignition 
starting, page 282.) The driver charges the cyl¬ 
inder with gas by making one or two movements of 
the handle, which is located on the dashboard. 

Tbere is placed at the tank an automatic reducing 
valve, which reduces the pressure beyond the tank 
to two ounces. Whether the tank pressure be 150 
or 250 pounds, the pressure in the lines can only 
be two ounces. On account of low pressure it is 
necessary that the gas be forced into the cylinders, 
as the cylinder compression is many times stronger 
than two ounces. This is accomplished by a pump 
which is placed on the dash in easy reaeh of the 
driver. In cold weather the driver can press a 
by-pass valve button and cause the gas to pass 
from the tank directly to the intake manifold. 

(Prost-o-lite Oo., Indianapolis, Ind.) 

Compressed gaa tank was a type of starter 
formerly used on the Winton. Part of the exhaust 
gases from the engine was stored up in a tank, 
during the exhaust stroke. This gas was then 
used for pressure, to force the piston (which was ready to commence its power stroke) down. 
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.T NO. 154—Engine Starting Devices; Mechanical, Air, and Gas. 
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SWITCH 

VD 



3 W- SER/ES W//V0//V6 
FC- FIELD CORE. A - ARMATURE. C- COMMU¬ 
TATOR. 0-0ROS//. FF- POLE F/ECES. 

5W.- SERIES WJNDtNO ONFIELD CORE . 



Starting Motor—Simplified. 

Fig. 1. — A simple form of a series wound electric motor. The field cores are magnet¬ 
ized only when the current from the battery flows through the "series” wire winding, 
hence the term, *' electro 7; magnetized field. The lines of force come out at "N” pole 
and pass in at "S” pole. 


There are two poles or pole pieces (PP) to this motor, hence it is called a 
"bi-polar” motor. If it had four or more poles, as per chart 160A, it would be called 
a " multi-polar” type. 


The winding on the field core is 1 'series” wound, meaning, one part is connected with 
another in series; for instance, start at the battery and follow the current path and note 
the succession of parts connected. 


A 4 ‘permanent” magnetized field is shown in fig. 2. The magneto or fields (PM) 
are permanently magnetized. 

The armature, however, on both machines is of the "drum” wound type —the arma¬ 
ture shown on page 258, is a "shuttle” wound armature. 



The field however, can be 4 ‘electro” or 
“permanent" magnet type. 


B—brashes; commutator segments are 1, 
2, 8, 4. There are two conductors from 
each coil. Note one end or conductor, of 
two different coils is connected to one com¬ 
mutator segment. 


Armature—"Dram” Type. 

Fig. 3.—On a drum armature, the coils are 
wound longitudinally over the surface of the 
armature core drum. 

C—are the coils of wire, cl is the core, 
usually made of laminated iron. 1, 2, 3, and 
4 are the commutator bars, or segments on 
which the brushes rest and carry the current 
to the armature coils. Each segment is in¬ 
sulated one from the other by mica. There 
are as many segments as there are coils of 
wire. 

On a "shuttle” type of armature as shown 
in fig. 7, page 332, the winding is quite dif¬ 
ferent—note the illustration. 

The parts of an armature are; core, coils 
or winding, shaft, copper commutator bars, 
mica insulators and the binding wires, (see 
fig. page 330.) 

The core is usually made of sheets of iron 
placed side by side and then turned on a lathe 
until round. Slots are then cut into the 
laminated core (L), to hold the armature coils. 

Banda of fine brass wire, (BB), are then 
placed around the armature to hold the arma¬ 
ture coils in place when revolving. 


' CHART NO. 158—Parts of an Electric Starting Motor. 
Oherta 155, 156, 157 omitted (error in numbering). 






[ dykb’s Instruction number twenty-six. 



WORM AND CHAIN 


CHAIN AW5 TIMING GEAR 


GEAR AND 
CHAIN 


GEAR AND SUDINC PINION 

<3UD1NC UNION DIRECT 


AutomobH* «ngln« viewed from above, ehowlng eeverel of the extenelvely used methods of applying the oleetrfe 



Illustrating the various 
methods of applying the 
electric starting motor to 
engine. 

When starting engine by 
chain or gears, there must 
be some form of release, 
so that the motor will not 
continue to run after en¬ 
gine is started. This re- j 
lease is usually in the form 
of a roller clutch or gear 
shift. 

The method of starting 
through the fly wheel is 
the most popular system. 
Also see pages 326 and 331 
for the Bendix starter. 



Fig. 8—Showing Application of starting motor to 
crank shaft by chain and sprocket. Note clutch is 
in sprocket. Both chain and sprocket run with 
engine, but clutch in sprocket cuts out motor after 
engine is started. 

This system formerly used by the Oray and 
Davis on the 1914 Overland. 


Fig. 7—Showing application of starting molar 
to crank shaft by gears. Note clutch is in K. 
The Westinghouse starting motor is connected in 
this manner on the Dorris car. A feature worth 
mentioning is that the gears are all out uf mask 
after motor serves its purpose, (see page 838.) 


UiT NO. 150—Application of the Electric Starting Motor to the Engine; through the Fly 
Wheel, Transmission Shaft and through the Crank Shaft. Note different methods of each. 

e most popular method of drive is through the fly wheel using the Bendix Inertia gear shift method. 
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INSTRUCTION No. 26. 

THE ELECTRIC STARTING MOTOR: Mechanical and Auto¬ 
matic Gear Shift Method Explained. Types Of Motors. 
Starting Switches. Reduction Gears. The Rushmore Dis¬ 
placement Type or Automatic Electric Gear Shift. Bendix 
Inertia Gear Drive. 


The electric starting motor is an electric 
device or motor for turning over the crank 
shaft of a gasoline engine. 

The electric motor is a device for trans¬ 
forming electric power into mechanical 
power. The electric motor receives its elec¬ 
tric current for its motion, from an elec¬ 


tric storage battery. The storage battery 
receives its charging current from an out¬ 
side source or an electric generator, usually 
run from the gasoline engine. Quite often 
this generator (also called a dynamo), is 
made a part of the starting motor, as will 
be explained later, (see instruction 27.) 


♦♦♦Parts of Electric Starting Motor. 


Principle: To know the principle upon 
which an electric starting motor is con¬ 
structed, it will be necessary to know the 
names of the parts* ** *** 

The magnets or “field” cores (FC) (page 
323) are either “electrically” magnetized 
or “permanently” magnetized. 

When electric currefit is passed through 
the “coil” winding, on the “field” mag¬ 
nets, the latter are “electro” magnetized. 
They are “permanently” magnetized (PM), 
when the field magnets are of the type 
shown in fig. 2, chart 158. 

The “electro” magnetized pole pieces 
may have two or more poles, one must be a 
north pole and the other a south pole, simi¬ 
lar to a common horse shoe magnet. This 
is necessary in order that the magnetic lines 
of force from the pole pieces attract the 
magnetized coils on the armature. 

When the current passes through the wire 
surrounding the soft iron field core, the pole 
pieces acquire magnetism. When the flow 
of current is stopped, then the pole pieces 
lose their magnetism. tHence it is termed 
an “electro” magnet. 

The windings on electro magnets, can be 
wound three different ways, series; shunt; 
and compound. The winding shown in fig. 1 
is called a “series” winding, and is usu¬ 
ally of heavy coarse wire. 

The “permanently”* magnetized pole 
pieces, are shown in fig. 2. Wire is not 
wrapped around the field cores, but the mag¬ 
nets retain their magnetism permanently. 
One pole being “N” and the other “S” at 
all times. 

The pole pieces (PP), at the lower end of 
the field coreB, as shown in fig. 1, are the 
north and south .poles of the magnetized 
field cores. The pole pieces are placed 
very close to the armature and are the parts 
between which the armature revolves. 

The pole pieces in fig. 1, are called “bi¬ 
polar” type, because there are two poles. 


When there are more than two pole pieces, 
as in fig. 1, chart lfiOA, it is called a 
“multi-polar” type. 

The armature on an electric starting motor 
is the part which revolves between the pole 
. pieces. There are several types of arma¬ 
tures, but for starting motors, and genera¬ 
tors to recharge batteries and supply cur¬ 
rent for lights, the “drum” type, fig. 3, 
is generally used. 

The “shuttle" type armature, fig. 7, chart 162 
and fig. 1 chart 120, is used for magneto ignition. 
The shuttle type of armature, is used only on mag¬ 
neto type of magneto generators and generates an 
“alternating” current, being used principally for 
ignition. 

The source of current from the storage 
battery, to operate the electric motor is 
“direct” current. 

♦The commutator on the armature, passes 
the current to armature coils from brushes 
on the motor. On a generator it transmits 
the current from armature. It ia the part 
placed on the end of armature on which the 
brushes rest and to which the terminals of 
the armature coils connect, as shown in fig. 
3, chart 158, see also chart 161. 

There are as many copper segments on 
the commutator as there are coils on the 
armature, (see fig. <3, page 323 and note 
connections of coils c* to commutator seg¬ 
ments 1, 2, 3 and 4). The segments are in¬ 
sulated, from each other, with mica between. 

•♦Commutator troubles usually arise from too 
much oil on the commutator, causing a coating to 
form across the insulation, between the insulated 
commutator segments. 

tBrushes on starting motors are the parts 
(B), chart 161, and 3, page 324, resting on 
the commutator segments and which conduct 
the current to the commutator. They are 
usually made of copper, bronze or brass wire 
gauze and also metal graphite which con¬ 
tains copper. A great quantity of current 
passes through a starting motor brush. 

There are usually as many brushes as 
there are field windings. 


*Don’t confuse the meaning of a commutator on an electric motor or generator with the commuta¬ 
tor used for ignition, as shown in chart 106. 

**See also pages 409, 404, 406, 831. tSee foot note page 408 for generator brushes and starting 
motor troubles, also read foot note bottom of pages 407 and 405. 

***To learn the fundamental principles of an electric motor and dynamo we recommend Swoopea* Les¬ 
sons in Practical Electricity, see &d in back of book. 
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Mechanical Method of Starting Motor Gear Shift. 

Position 1—when switch is at position (1), the starting motor switch is off and starting 
motor idle, (see fig. 6.) 

Position 2—starting pedal is depressed slowly, this causes contact to be made at (P) with 
(PI), at which time resistance (R) is in the circuit causing armature to rotate slowly. This 
slow rotation allows pinion (J) to mesh easily with fly wheel. 

Position 3—starting pedal is depressed 
fully. This causes (P) to make contact 
with (Q) at which point the resistance 
(R) is cut out and full voltage applied to 
starting motor terminals in order to crank 
the engine. 

After engine is started, the starting 
pedal is released and th£ spring de-meshes 
the pinion (J) from flywheel gear (FG) and 
switch cuts-out and assumes position (1). 

Note the reduction gear drive. Also the 
type of switch as it appears from outside 
view. This is one of the Westinghouse 
principles. This concern also supplies auto¬ 
matic and other principles—see page 338. 

The Automatic Method of Starting Motor Gear Shift—The Bendlx Principle, 

Also called the Inertia Gear Drive. 

Fig. 8.—The Bendlx '‘automatic" shifting pinion as used on a large percentage of the 
different makes of electric starting motors, also called the "inertia" gear shift, is pictured in 
fig. 8. This illustration is not exactly as it appears today, but explains the principle clearly 
(see page 331). 

This type as used on the King (page 331), the reduction is 10% to 1 or 12 tooth pin¬ 
ion on a 126 tooth gear on the fly wheel. The teeth are each 10 pitch and the starting motor 
will crank engine at speed ef 150 to 200 r. p. m. 

No arrangement of levers to slide the pinion into mesh nor any over-running clutch is re¬ 
quired. It is only necessary to operate the switch of the motor, or press a switch button, 
and this can be done at the wrong time, i. e., when the engine is already running, without 
damage. 

The parts are few and simple. The armature shaft has a screwed extension provided 
with an outer bearing (B), and carries the pinion (P). 

A weight (W) is solidly attached to the 
pinion and the latter is loose enough on 
the shaft to always occupy the position 
shown, with the weight underneath when 
the shaft is idle. The leading screw has a 
triple thread. 

On starting the motor, inertia of the 
weight (W) causes it and the pinion to be 
carried quickly along the shaft into mesh 
with the teeth on the flywheel where it re¬ 
mains performing the operation of crank¬ 
ing until the engine commences to fire, 
when the direction of the drive is reversed, 
coming from the flywheel to the pinion, 
throwing out the pinion. 

Action is easy to understand. But a query will naturally arise as to what would happen 
if the. starting switch is not released and the motor continues spinning. It would seem that 
the pinion would again return and either get into mesh or continue chattering at the edges 
of the teeth. Neither happens. The pinion simply continues to rotate out of mesh until the 
switch is released. This is due to a secondary function of the weight (W). Immediately the 
pinion is thrown out from the flywheel the speed of the motor is such as to cause a binding 
of the pinion on its shaft due to the one-sided position of the weight. The action involved is 
that of the center of gravity of the weight attempting to get into the central plane of rotation 
of the pinion and the slight necessary looseness of the pinion on the shaft allows a temporary 
binding as a result. ! 

The spring (8) is simply to ease the shock of starting by permitting a slight play between , 
the motor shaft and the screwed extension. The teeth of both flywheel and pinion are bev- I 
eled on the entering side for easy engagement. As shown the motor is geared by a single 
reduction to the engine, but the device is equally applicable to a double reduction. 

3HART NO. 160—Application of the Electric Starting Motor to Fly Wheel of Engine; the “E* 
chanlcal" and "Automatic" Method Explained. 

Note:—The Bendix is also known as the EclipseBendix. 




Fig. 0.—Mechanical method of applying starting 
motor to drive fly wheel. 
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Type of Electric Motors. 

Although there axe many different makes the brashes resting apon the commutator 


of electric starting motors, we have dealt 
only with the type in general use, which is 
the “series” wound field cores, with the 
“drum” type armature as explained in the 
charts. 

We have given the names of the parts, 
also explained, that when the current from 
battery flows through the field coils, thence 
through the armature coils by the way of 

Application of the Electric 

The starting motor can drive the gasoline 
engine through the fly wheel, or by connec¬ 
tion with the crank shaft* or drive through 
the transmission shaft. 

The drive through the fly wheel is the 
most popular. There are two general meth¬ 
ods used; (1) by gears as per A B C D, 
chart 160, which necessitates throwing the 
gear (J) in mesh with the fly wheel gear 
(FG) by hand or foot. 

The other method is “automatic;” by 
pressing a button or foot switch the cir¬ 
cuit is closed between the storage battery 
and starting motor. The “inertia” gear 
pinion (P) then automatically .meshes with 

Starting 

The switch with resistance was formerly 
used with starting motor. This resistance 
prevents the full flow of current going to the 
motor, until armature is in motion. The re¬ 
sistance is in the form of German silver 
wire or other like substance which offers re¬ 
sistance to the flow of current. A further 

*The Storage 

The electric current is supplied to the 
starting motor from a storage battery. The 
voltage is usually 6 volts, but some systems 
use 12 to 18 volts, others 24 volts. 

The voltage of storage battery can be as¬ 
certained, by counting the number of cells. 
For instance, if there are three cells then the 
battery is a six volt battery. If there are 
six cells it is a 12 volt battery. Each cell 
gives two volts—no matter how large or how 
small, (see instructions 32 and 32A.) 

♦The amperage or quantity of current 
consumed by a starting motor varies. The 
average length of time the starting switch 
is down is about 10 seconds. Therefore, 
this great quantity of current being drawn 
from the battery it must have large heavy 

tCharging the 

A starting and lighting storage battery, 

could be charged by removing it from the 
car and taking it to a charging station, but 
owing to the great amount of current used, 
the size of the battery required, in order 
to last for 'a satisfactory period of time, 
would necessitate entirely too large a bat* 

*See "index” for explanation of “volts and 
Only “direct” current is used for starting motors. 

fThe positive terminal of a storage battery I 
The negative could be grounded, as it would make : 


segments, which are connected with the ar¬ 
mature coils, the armature, is then caused 
to revolve by magnetism, the pole pieces 
drawing the armature coils around. We will 
not attempt to explain why this armature is 
made to revolve, because this would neces¬ 
sitate a lengthy explanation and deep study 
of electrical engineering, not required by the 
average student. 

Starting Motor to the Engine. 

fly wheel gear as explained in chart 160 

and 161A. This system is the most popular. 

Another “automatic” method is where 
the gear is shifted “electrically,” as in 
chart 161. This type is also called a “dis¬ 
placement” type of armature. 

The drive through the crank or transmis¬ 
sion shafts; can be by means of gears or 
chains as illustrated in chart 159. 

After starting engine: In each instance 
some means must be employed to disengage 
the motor and engine after it is started, 
this is done by means of the shifting gear 
or clutch. See illustrations in charts 159 
and 160. 

Switches. 

depression of switch, see fig. 6, chart 160, 
shows how the resistance (B) is cut out 
when switch contact (P) is id full contact 
with Q. 

Switches for the “automatic gear shift” 
do not require resistance. See chart 160B. 

Battery. 

plates as well as large connections from one 
cell to the other. . 

Large wire for conducting the current to 
the motor is also necessary, (see pages 425 
and 427.) 

The average cranking current is 475 am¬ 
peres when first starting—for say % of a 
second, then 180 amperes as the engine fly¬ 
wheel turns. The voltage of a charged bat¬ 
tery when being used for starting, drops to 
approximately 5.75 volts. 

(This test was made on a leading battery at a 
temperature of electrolyte of 86° F.) This of 
course varies according to compression, size of 
engine, etc. 

The overload on the battery, it will be noted, 
is considerable, in fact, it is a temporary dead 
short-circuit for an instant, but being only momen¬ 
tary—a good battery will stand it. (see pages 427. 
400 and 408.) 

Storage Battery. 

tery. Therefore a dynamo, also termed a 
“generator,” is operated from the engine. 
When the engine is running the car at a 
speed of ten miles or more per hour, this 
generator, generates electric current and 
stores it into the storage battery. The gen¬ 
erator is treated in the next instruction. 

amperes,” also index for “storage batteries." 
See “index" for “direct” current, 
i usually grounded, if system is a single wire. 

o difference. 
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Field Magnets. 

Or “pole pieces’ 1 are usually fitted with pole* for 
the field windings (W) as shown in fig. 1. All 
starting motors have two or four poles (P) as shown. 

The illustration on page 323 shows the principle 
of winding but are never constructed as illustrated 
on that page. A-B-0 are “multi-polar** types with 
4 poles ana windings. D, is of the “bi-polar“ type 
with two field windings. All starting motors are 
series wound. 

When the multi-polar field is used the conduc¬ 
tors on armature, revolving between them, cut the 
magnetic lines of force many more times in one 
revolution so that as the size of machine increases 
the speed decreases—which is an advantage. 

Fly Wheel and Crank Shaft Drive. 

Figs. 4 and 5 Is a typical example of a starting 
motor (the Westinghouse). This motor is for fiy 
wheel drive and could be equipped with the “Bea- 
dix inertia gear drive” page 326. Or with the 
Bijur below. 

Fig. 6 shows double reduction gearing inside of 
motor housing, if starting motor is intended for 
crank shaft drive—which allows for slew speed 
connection, by chain or gears to crankshaft—see 
page 324, fig. 7. 



Pig. 4. For fly wheel drive. 



Fig. 5. For fly wheel drive. 



BRUSHES 


BRUSH 

HOLDERS 




The Bijur Double Gear Drive. 

shift (fig. 7) for starting motors driving 
. i h whe « 1 « ® imilal : ln 8om ® respects to the Bendix (page ^AR 
B26) »nd can be attached to the armature shaft (A) of any starting 
motor with shaft machined to fit it. . 7 • 

?? rt8 i A ~ 1 armature shaft; B—drive shaft; D—driving gear; 

E—clutch, H sleeve; L—clutch spring; M—pinion which meshes with 
?ie shaft gear ° r pin,on * °“" h K ht ■P**mg; X—pinion on end of arma- 

To start engine: Driving gear (D) rotates drive shaft (B) through 

clutch .mechanism 


FLYWHEEL 


Fig. « 


Crank 


shaft 


drive. 


commutator 


Fig. 7. Sljur doubta-gvarad pinion shift 
See also page 925 for Bijur generators. 


(E A F). This 
causes pinion (M) 
to screw itself 
to left along the 

shaft (P) and after meshing with teeth of fly wheel 
(M), continues to travel in mesh until (M) comes 
in contact with sleeve (H). It then pushes (H), 
the whole clutch assembly and driving gear (D) ia 
same direction and compresses clutch spring (L). 

When the members are in this position there is 
sufficient pressure between the face of the driving 
gear (D) and the clutch member (E) to cause the 
clutch to transmit to the driveshaft the power re¬ 
quired for cranking. This it continues to do until 
the engine begins firing. 

When the engine starts the pinion (M) is routed 
faster by the flywheel than by the electric motor. 
It, therefore, screws itself to the right and out of 
mesh with the flywheel teeth. On «>wfag out of 
mesh the pinion is cushioned by the spring (O). 


1ABT NO. 100A—Field Poles or Magnets of a Starting Motor. Example of a Starting Molar 
For Fly Wheel and Crank Shaft Drive. The Bijur Double Gear Drive. See page 373, ad¬ 
dress of Electric Motor Mnfg’rs. 
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Shifting Mognot Storting Motor 


[ttdro-Mcgnehc 


Starhn g Mog net^Stgrting Motor 

_. -j ^ ** *•—Driving 

' Pinion 



L^OPf 


fjp- 3—With Hand or Foot 
Operated Starting Switch 


Fig. 4-With Electro-Magnetically-Operated 
Starting Switch Controlled by Push-Button 
Diagram of Electrical and Mechanical Connections of Motor 
For Automatic Electro-Magnetic Pinion Shift. / 
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Fig. 10—With Hand or Foot- Fig. 11—With Electro-Magnetically-Operated 

Operated Starting Switch * Starting Switch Controlled by Push-Button 


Starting Motor 
Switches. 

Oan be operated by 
“hand*’ or by “foot.” If 
hand operated it may be 
in the form of a “single 
pole” switch or a “push 
button.” If by foot ft is 
usually by a foot pedal. • 

Starting motor drive sys¬ 
tems are divided into three 
systems of drives; fly wheel, 
transmission and crank 
shaft drive. 

Switch for crank shaft 
drive: a “geared starting 
motor” connected to the 
crank shaft is usually im-. 
ployed (see flg. 2, chart 
159). The starting moto* 
drives through an over¬ 
running clutch on the en¬ 
gine shaft. Pressure upon 
the starting pedal of switch, 
closes circuit through the 
starting motor and battery. 
Releasing the starting pedal 
cute off the current from 
the battery to motor. The 
switch that is used with 
this application has only 
a short travel as there are 
no gears to shift by tbs 
operation of the switch 
pedal. 

Switches for fly wheel 
drive may be divided into 
three clasiflcations as men¬ 
tioned below. 


Diagram of Electrical and Mechanical Connections of Double-Reduction Motor 
and Switch for Automatic Screw Pinion Shift 


(Single-Reduction Motor Has Screw Shift Directly on Motor-Shaft Extension) 


Non-automatic mechani¬ 
cal shift, employs a switch 
lever that shifts the pin¬ 
ion (gear), also closes 
starting switch, first spin¬ 
ning the motor then shut¬ 
ting off the power till gears mesh with motor gear, turning from its momentum, finally throwing on full 
power and cranking the engine, see flg. 6, chart 160. 


Automatic mechanical shift. Worm shaft mechanism to throw pinion into mesh automatically with¬ 
out shock when motor starts; throws pinion out when engine picks up, see flg. 10 and 11, also chart 160. 
Note that a hand or foot operated switch or an electro-magnetic switch with push button can bo used 
(see below). 

Bosch fly wheel starting motors (known also as the Rushmore system) operate on the electro-mag¬ 
netic principle, but without extra gear shifting solenoid. "See chart 161.” 

Electromagnetic shift. A solenoid on one end of the motor throws a spirally cut pinion into mask 
with gear on flywheel when the starting switch ia closed and releases it when the engine picks np. 
Hither foot switch or electrically operated switch with push button control can be used, see flg. 8 and 
4. Note the type switches which can be used with this system. ( Note in flg. 4—word over armature- 
reads: "starting magnet,” should he “shifting magnet.”) 

The "electromagnetic” gear shift, is the Rushmore principle, chart 161. also see figs. 8 A 4 above. 



Types of Starting Switches. 

Flg. 9. Shows a foot operated starting switch 
for antomatlc pinion shift” drive as “Bendlx.” 
Contact is closed at (a) and (d) when (B) is 
depressed. 

Flg. 8 shows the “push-button” switch. Flg. 
7 the electro-magnetically-operated switch for the 
“electrically-operated automatic pinion shift* * as 
shown in diagram of flg. 11 and chart 161, and also 
the automatic mechanically operated pinion or gear 
shifts see chart 160, flg. 8. 

The principle of the electro magnetic type switch: 
The operation of this switch is controlled by a 
push-button, (see flg. 8) which closes an auxiliary 
circuit from the battery. This circuit energises the 
electro-magnetically operated switch as per flg. 7 
and as shown in diagram of flg. 4 and 11. 

Set chart 160 for switch of resistance type used 
with the “non-autometie“ gear shift. 


ART NO. 160B—Starting Motor Switches 
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Construction of motor: Series wound type; and is intended for use in connection with a 6 or 12 1 
volt storage battery. 


The construction of the motor is such that the armature can he shifted endwise in its bearings, paral¬ 
lel to its axis. In the normal or non-operating position, the armature is held out of its electrical cen¬ 
ter or, in other words, out of line with the pole shoes, by means of a spiral spring in the commutator end 
of the armature shaft; therefore, when in the normal position, the pinion on the drWing shaft of the starl¬ 
ing motor is out of mesh with the gear ring on the flywheel of the engine. 

The motor Is regularly provided with three terminals (W, W1 and W2), two of which are heavier, 
or of larger diameter than the other. The two heavier terminals are for the main circuit, and the single 
small terminal is for the shunt circuit. 


Principle of operation: During the first part of the downward movement of the switch pedal (D), 
an electrical circuit is established which causes the current from the battery to pass through the switch 
“shunt" (E). 

The amount of current that can flow is limited by the resistance (E) of the circuit, but, of the 
current which passes through the switch "shunt," a small portion is allowed to flow through the 
motor armature, while the greater portion flews through the motor field coils, forming thereof a strong 
electromagnet. 

The result is a powerful attraction between the field coils and the armature, causing the latter to be 
drawn endwise into the magnetic center of the motor or, in other words, into its working position between 
the pole shoes. The passing of the small current through the armature causes the armature to rotate 
slowly, and as the rotary motion occurs simultaneously with the shifting of the armature endwise, the 
meshing of the motor pinion (P) with the gear ring on the engine flywheel- (FG) is accomplished quickly 
and positively. 

As the switch pedal (D) reaches its limit of motion at (O), the flow of battery current through the 
switch "shunt," as well as that through the shunt cable to the field coils, is interrupted, and a straight 
series motor connection is established, allowing the entire current to pass through the mctor field and 
armature windings, and causing the engine to turn over until it starts firing. 


As isoon as the engine starts, the starting motor is relieved of its load, and the current passing 
through it drops rapidly in volume, thiB being a characteristic of series motors. In consequence, the 
strength of the field magnets is lessened to a point where the spiral spring in the end of the 
armature shaft overcomes the magnetic attraction holding the armature, and returns it to the original or 
non-operating position; it is this action that automatically and positively throws the armature shaft 
pinion out of mesh with the flywheel ^ear-ring. Thereafter, until the starting switch is released, any 
current which continues to pass through the armature will merely cause the latter to revolve freely 
but without meshing with the flywheel, due to the fact that the amount of current utilised when the 
motor is running free is not sufficient to overcome the pension of the spiral spring. 



Fig. 4; 0, commutator; B, brushes (carbon or copper); L, laminated iron core. A. W. T.—arma¬ 
ture winding terminals. B. B., brass bands around armature to hold coils in place. F. 0.. field cere. ( 
also pole pieces. F. W., field winding. A. 8., armature shaft. 8, segment of commutator, where arms- . 
ture coils connect. MI., mica insulation between the copper commutator segments. P, drive gear or 
shaft pinion. FG, fly wheel driven gear. 


I TT aw NO. 161—The Bushmore Principle of Starting Engine through Ply Wheel, with “ttt 
placement” Type of Armature. ThiB system is now known as the Bosch System. It is ths 
sailed an ” Automatic Electro Magnetic Gear Shift” system. 
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THE ELECTRIC STARTING MOTOR. 


Bendix Starting Motor Inertia Gear Drive. 

Starting motor (six volt): Carried on the flywheel case at the rear of the engine over 
the fly wheel extending slightly back into the driver’s compartment of the car. 

The starting switch is mounted directly on the starting motor, the button of which ex¬ 
tends through the casing convenient to the driver’s foot. 

When starting button is pressed electrical connection is made with battery and current 
causes motor armature to rotate rapidly, this causes gear (A) to travel towards motor and 
mesh with gear ring (D) on fly wheel. (B) is a coarse threaded sleeve, which is connected 
to shaft through spring (C) this allows a certain amount of flexibility and prevents a too 
sudden application of the power. 

In the type shown in fig. 8, page 326, the spring is positioned at inner end of sleeve, and 
gear (A) travels in opposite direction but the principle is exactly the same. Various con¬ 
structions are necessary to fit different instal¬ 
lations. In this construction counter-weight 
on gear (A) is in the form of a flange. 

As soon as the small gear (A) is fully en¬ 
gaged with fly wheel gear (D), it comes up 
against a stop and is locked firmly to sleeve 
(B), thus rotating with the starting motor 
armature shaft and allowing the starting 
motor to crank the engine. 

When the engine starts under its own 
power and the starting button is released, 
the small inertia gear (A) is thrown out of 
mesh with the flywheel gear (D), and the 
starting motor comes to rest. 

Care of Starting Motor. 

Lubrication: The bearing at the commutator (rear) end is fitted with a wick oil cup underneath the 
bearing. The wick dips into the lubricant and the upper end rests against the armature shaft, so the 
oil is constantly fed to the bearing. The wick should be cleaned with gasoline and the oil cup filled with 
non-fluid oil or vaseline once every 3000 miles. Oil hole is on top of bearing bracket. 

Commutator: The commutator and brushes can be exposed by unscrewing the screw in (E) and re¬ 
moving the band coyer. Do not touch the commutator so long as the motor starts properly. If it be- 
comes dirty, clean with a piece of canvas moistened with gasoline; if rough, polish with No. 00 sand paper 
while revolving. See page 407 for 4 ‘Care; of Starting Motor." 

**Bendix Starting Motor Troubles. 

... P 1 the starting motor falls to start the engine when the starter button Is pressed, the following 

he found helpful in tracing the trouble, fl)—Ignition switch in "off" position. (2)—-Throttle closed. 

j?~T Uarno ir c h°ked. (4)—Loose ignition wire connections. (5)—Interrupter breaker points out of 
adjustment. (6)-—No gasoline in main tank. (7)—No gasoline in gravity tank. Remove carburetor float 
chamber cover and if no gasoline, see that shut-off cock underneath gravity tank is open. If there is gaso¬ 
line in the main tank and none in the gravity tank, see gasoline feed instructions for remedy, page 165. 

Starting motor runs, but does not crank engine. This trouble is only apt to occur in extremely cold 
weather when the oil congeals, causing the starter inertia gear to stick, and not move into mesh with the 
?k* Wh /si A. all &ht tapping on the starting motor housing will usually overcome the difficulty, but if 

tnis fails, start the engine with the hand crank and when motor is warmed up, it will operate properly. 

Starting motor does not ran. This might be caused by any of the following: (1)—Loose connec¬ 
tions at either starting switch, starting motor or battery. (2)—Battery discharged. (Test solution with 
hydrometer.) (S)—Dirty starting motor commutator. (4)—Worn or loose brushes, (see pages 407 and 422.) 

. P pinion goes into mesh with a "bang" and there is considerable noise while cranking, it is evident 
that the clamping bolts (R) fig. 2 , have loosened. Be particular to line up the motor properly before draw¬ 
ing them up. By turning the threaded sleeve (B) with the fingers, the pinion (A) can be moved into 
mesh, and unless it meshes easily, it is not In line. 

Starting switch--—good contact and a quick release, is important. Examine spring occasionally, as it 
must be in good order to prevent damage to gear teeth. Keep clamping bolts (that hold down motor) 
drawn up snug at all times, otherwise motor will shift out of line. 

Occasionally a Bendix drive gear will stick in mesh, and will not release after the engine has started. 
This is often caused by improper alignment of a starting motor. Or if the gear meshes harshly, or spins 
considerably without meshing, proceed as follows: 

(1) —Remove the outer end bolt holding the Bendix spring and sleeve in position and remove the 

spring sleeve and gear. 

(2) —Wind a strip of emery cloth on a round stick and thoroughly clean inside of threaded sleeve. 

(3) —Olean the armature spindle carefully with a fine emery cloth, removing all dirt and rust. 

(4) —Apply a small amount of light graphite grease to 
the inside of the Bendix sleeve, and replace the parts. 

(5) —To bring the starting motor into alignment, loosen 
the four bolts holding the starting motor to the trans¬ 
mission, and place a Vfe* to V 62 " shim between the motor 
support and gearbox bracket. This shim should be placed 
on the inside of the motor nearest the gearbox (this may 
or may not be necessary). 

It is essential that no other parts of the Bendix drive 
as mentioned above under "lubrication," with exception 
of the inner sleeve, be lubricated. The action of the 
starter depends upon the inertia weight attached to the 
gear, and this action is hindered if there is any collection 
of oil, grease or dust upon the threads carrying the gear. 


CHART NO. 161A—Example of a Modem Starting System — the Electric Starting Moto 
with a Bendix Inertia Gear Drive (used on the King Car). The Bendix drive is used o 
different makes of starting motors and is the most popular system in use (fig. 8 V page 

See cage 860. for King wiring diagram. **See also page 668 . _J 



Pig. 2—Bendix drive troubles may develop 
from rust and dirt collecting on the inner 
drive shaft and sleeve. Tnis should be 
cleaned out by moans of emery paper, being 
careful no trace of emery is left. 






DYKE’S INSTRUCTION NUMBER TWENTY-SEVEN. 


SERIES VJlND/N* 
SHUNT WtNOiMO- 



FC—field core. PP—pole pieces. A—armature. B—brushes. 

A Simple form of Generator with a “shunt" and another with a “compound" winding. 

» 

Note the generator supplies current to charge the storage battery; also for lights. If 
the generator stops or slows down, then the current would flow back into generator from 
storage battery, therefore a 11 cut-out 1 ’ is required, as will be explained further on. 

. The above generator has the “electro-magnetic” type of field magnets. 





Tig. 3.—Ester line Generator has permanent, mag¬ 
nets and auxiliary “electro magnets" and may be 
arranged in the Compound Class. The permanent 
magnets serve the same purpose as the shunt field. 
At low speeds the field windings assist the perma¬ 
nent magnets and at high speed they oppose them, 
so the output is maintained fairly constant. On 
the Esterline an auxiliary winding (Z) is used to 
increase the output when lamps are turned on. 

Armature is “drum" type, if it was the shut¬ 
tle type as usually used on magnetos, it would gen¬ 
erate an “alternating" current. Therefore would 
not charge the battery. 


SHUTTLE TYPE ARMATURE 
WITH ONE WINDING- LOW TIN$i6n 


Fig. 7.—Shuttle type of Armature, used on 
magnetos, for ignition; not suitable for storage 
battery charging—generates “alternating" cur¬ 
rent. (Also see Chart 120.) 

r com mutator 

/•DRUM ARMATURE 


ORUM TYPE OF ARMATURE*. 

Fig. 8.—Drum type of Armature—type used 
on generators for charging batteries and lights. 
Generates “direct" current. 
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A modern type of generator, Showing the two pole pieces 

showing the cut-out location on (PP), “bi-polar" type; also wind- 
generator—this cut-out is some* ing on fields, 
times placed on inside of dash. 

OHABT NO. 162—Principle of the Electric Generator. 

1 is the commutator. 


Showing end plate which i 
ports brushes, and bearing 
of armature shaft. 
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INSTRUCTION No. 27. 

THE ELECTRIC GENERATOR: Principle, Construction, Oper¬ 
ation and Drive. The Magnetic Cut-Out. Series, Shunt and 
Compound Windings. Regulating Methods; Bucking Series, 
Mechanical Governors, Third Brush, Voltage or Potential 
and Thermal. Ignition from Direct Current Generator. 


Relation of a Generator to an Electric Motor. 


♦♦The electric generator is similar in many 
respects to an electric motor. The principal 
difference being in the winding. The motor 
is usually “ series ” wound and the copper 
wire is heavy or coarse, in fact it is in the 
form of copper strips on some motors. With 
a few minor changes the electric generator 
can be run as a motor, using the same 
winding. 

The series motor possesses great starting 
power, but under a light load may attain a 
dangerously high speed. A series dynamo, 
to be used as a motor, and run in the same 
direction as it does as a dynamo, must have 
the leads from the brushes interchanged. 

A “series” wound generator will rotate 
in an opposite direction to that as when run 
as a motor. 

A “shunt” wound generator when used 
as a motor, will turn in same direction as 
when used as a generator. 

The shunt wound motor has not such great 
starting power as a series wound machine, 
but runs much more uniformly in speed un¬ 
der a varying load. Brush leads remain as 
in dynamo for the same direction of rotation. 


A “compound wound” generator, when 
used as a motor will turn in an opposite 
direction—providing that if the “series” 
part is more powerful than the “shunt” 
and in the same direction if the “shunt” 
is more powerful than the “series”—this 
is called a differential winding and will 
be explained later in the Entz and other 
systems where the same machine is used for 
a motor or generator. 

The compound wound motor is about 
equal to the shunt motor in starting power, 
and runs at an almost constant speed under 
all loads. Brush leads for motor remain 
as in dynamo. To reverse direction of ro¬ 
tation of motor, current must be reversed 
through armature. 

The generator, however is usually separ¬ 
ate and distinct from the starting motor. 
The Delco however, (in some of their sys¬ 
tems) employ one armature with two com¬ 
mutators; one operating when used as a 
generator and the other when used as a 
motor. The Entz system is another exam¬ 
ple of one armature with two windings, 
used for both a generator and starting 
motor, see page 352. 


♦♦Principle of the Generator. 


*Dynamo machines. This machine is 
based on a discovery of Faraday, who found 
that when a conductor is moved across a 
magnetic field, a momentary current of elec¬ 
tricity is generated in it by what is called 
induction. 

The dynamo consist of two main parts— 

(1) , a means of producing a strong mag¬ 
netic field known as the “field magnets”; 

(2) , a series of conductors in which the 
currents are generated by induction, called 
the * * armature . } 9 

One of these parts must be capable of 
rotation relative to the other. If one con¬ 
ductor on such an armature be connected 
to a galvanometer it will be noticed that 
during half a revolution, either of the ar¬ 
mature or field magnet, the current is in 
one direction through the conductor and 
that for the other half of the revolution the 
current is in the opposite direction. 

Such a current is called an ‘ * alternating ’ 1 
current, and the machine producing it is 


called an alternating-current generator, or 
a “magneto.” 

If such a machine is fitted with a num¬ 
ber of metallic segments insulated from 
each other, called a “commutator,” to 
which equidistant conductors of the arma¬ 
ture are joined, and two brushes are placed 
on opposite segments (for a two-pole ma¬ 
chine) of this arrangement so that the ar¬ 
mature of the machine can be rotated while 
the brushes remain fixed and make contact 
with the segments as they rotate, and so 
arrange the brushes that just as the cur¬ 
rent is reversed in a conductor the segment 
attached to that conductor is under the 
brush, the current produced will be con¬ 
tinuous in direction. A machine so ar¬ 
ranged is termed a continuous or “direct” 
current dynamo. 

A dynamo is perfectly reversible. If 
electrical energy is supplied, it is trans¬ 
formed into mechanical energy and when 
thus used is spoken of as a motor. 


*A dynamo and generator are referred to as the same. **Those desiring to go doeper into the prin¬ 
ciple of the dynamo and motor—we recommend “Lessons in Practical Electricity’*—see ad back of 
this book. 
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Pig. 1. The generator is usually driven from crank shaft of engine as shown in chart 164. It chargee the 
storage battery and supplies current for lights. 

The storage battery merely 4 ‘floats on the line.'* The cut-out action .is shown in fig. 2. The 
storage battery supplies current for starting, ignition to start on, and the lights, when generator is not 
running fast enough. This would be textned a 4 ‘constant* * source of electric supply, which, in very 
important when first starting, as the ignition does not depend upon a 4 ‘mechanical’ * method of g*n 
erating the ignition current to start with, or for lights when engine is idle. 


CEKCILATOR- 


-OUT 


BATTERY 


LAMPS 



Fig. 2. The automatic magnetic cut out, opens 
the circuit between battery and generator when the 
generator is running slow or engine is stopped, also 
referred to as the “vibrator type'* of cut out. The 
principle is explained on page 344. 



i 



RESISTANCE IN FIELD CIRCUIT 



A shunt wound generator—showing how current is i 
taken from brushes to energized field magnets. A plain 
shunt wound generator usually requires a magnetic I 
type of current regulator as in (A). 



A compound wound generator, (fig. 2, chart 162). 
in many cases requires no outside mechanism for rage 
lating the output. 

A —*‘magnetic'* principle of regulating the current i 
and keeping it constant, at high speeds: resistance Is 
thrown in to the field circuit (see chart 168). | 

B—Bushmore “thermal** principle of placing tree 
resistance across bucking coils. ■ 

0—A centrifugal governor clutch releaaea over car- ! 
tain speeds, thus keeping the speed constants—“me- i 
chanical governor principle.* * | 


CHART KO. 108—Control of Generator Current. Some of the methods for regulating the voltag* 
•"4 -amperage output of the generator. (Motor Age.) 





















































THE ELECTRIC GENERATOR. 


335 


Parts of the Direct Current Generator (Dynamo.) 


The parts of the generator are: (1) The 
armature; in which the current is generated. 
(2) The field cores or magnets; " perma¬ 
nent 1 ’ or "electro.’’ (3) The pole pieces; 

bi-polar or multi-polar. (4) Commutator. 
(5) Brushes; metallic or carbon. (6) Reg¬ 
ulation of current output. 



The word "shunt” means an additional 
path established for the passage of an elec¬ 
tric current or discharge. Another winding, 
is the "compound winding,” see fig. 2, 
chart 162. 

Continuous or "direct” current dynamos 
are divided into three classes, differing in 
the manner in which the field magnets are 
wound. 

1. Series machine. Coils on field mag¬ 
nets consist of a few turns of large wire, 
through which all the currents generated 
flow; joined in series with armature and ex¬ 
ternal circuit. 

2. Shunt machine. Coils on field magnets 
consist of many turns of small wire arranged 
as a shunt te external circuit, and allow¬ 
ing only a small fraction of the total cur¬ 
rent generated to flow through them. 

3. Compound machine. Partly excited by 
shunt and partly by series coils. 


Fig. 1. Parte of a direct cur¬ 
rent generator with one field .wind¬ 
ing above armature. 



Fig* 2 Parts of a direct current generator with 
two field windings, one on each side of armature. 


The Generator Windings. 


The field core Is that part of generator 
on which the wire winding is wound. When 
wound with insulated wire and a current 
of electricity passes through them, they 
are called "electro magnets,” meaning that 
they are magnetized when running; at which 
time current flow* through the wire wind¬ 
ing and magnetizes the core thereby pro¬ 
ducing the magnetic field in which the ar¬ 
mature revolves. 

A generator which generates a "direct” 
flow of current can have either a "perma¬ 
nent” magnetized field magnet, as In fig. 
2, page 323, or "electro” magnetized 
fields, where the fields are magnetized only 
when armature is revolving—but in every 
instance the armature must be "drum” 
wound type and not the "shuttle” type. 
The "electro field magnets” are more pop¬ 
ular. 


The windings on the field-cores of a gen¬ 
erator; instead of a plain "series” wind¬ 
ing as on a starting motor, there is a 
"shunt” or "compound” winding, see figs. 
1 and 2, chart 162. Note the terminals of 
the field winding are connected to the 
brushes, instead of one end of field wind¬ 
ing going to the battery as in fig. 1, 
chart 158. 


Sometimes "permanent” magnets are 
used for the field magnets, for instance fig. 
3, chart 162, on a "direct” current gener¬ 
ator, and the appearance being similar to 
a magneto, the impression is formed that it 
must produce an alternating current. By 
referring to page 256, the subject of "al¬ 
ternating” current magneto type of genera¬ 
tor is explained. 


Armature. 


The type of generator used for charging 
storage batteries and also for Ignition when 
used in connection with a storage battery 
and lighting system generates a "direct” 
flow of current. 

A generator which generates a "direct” 
flow of current must have a "drum” type 
of armature. If armature was of the 
"shuttle” type, as per fig. 4, page 256, 
it would make but two waves of current at 


each revolution; the waves being strongest 
just as the end of armature breaks from 
the pole piece, and not being provided with 
a commutator, to change the direction of 
the induced current, this armature would 
generate alternating current; because alter¬ 
nating current does not flow in one direc¬ 
tion continuously is the reason why it is 
not suitable for charging a storage battery. 
To charge a storage battery the current 
must flow in one direction continuously. 
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Fig* 1. Driving the generator from cam shaft, 
also distributor and ‘'Interrupter/ ’ but independ¬ 
ent from each other. The starting motor drives 
4 'through the rrunk shaft 1 ’ by a silent chain and 
over running clutch* This system is a ’'three unit*' 
system formerly employed by “Studebaker Six*’ ’ 
Bee page 244, fig. 4, for description of this 
* 1 interrupter 1 ’ timer* 


Tig, S. The generator and Btarting motor are 
combined in one. Drive is through transmission 
abaft by means of a silent chain. The ignition is 
independent. This is a “two unit system." This 
system formerly used on Chalmers, see chart 171* 


Fig. 5. Generator driven by bolt which drives 
the fan. Startling motor ie the "automatic elec¬ 
tro magnetic pinion shaft" drives through 
fly wheel. This system would be termed a 
"three unit system." 

The Ignition is the Atwater-Kent system and 
is driven from cam shaft separate. This system 
formerly used on RegaL 



Fig. 6. Generator, driven by gears and silent 
chain. 
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Fig* 4. Generator driven by gear from crank 
shaft. The starting motor drives through the trans¬ 
mission shaft, Ignition is. the ‘ ‘interrupter’" type 
mounted on the generator but driven independent 
of the armature shaft, otherwise, on account of the 
clutch on other end of armature shaft the timing 
would be thrown out of time. Reo system. 


Fig. 7. Generator and motor combined, Ou** 
armature serves for both. Generator driven 
from pump shaft also distributor and timer 
Starting motor drives through the fly wh#*L. 
Delco system used oo Hudson, Cadillac, Olds, 
Bn irk, and others. 
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CHART NO. 104—Various Methods for Driving Generators. 14 See Specifications of Leading Cara," 
giving makes of systems used on various can. 




























































































THE ELECTRIC GENERATOR. 


337 


Charging Storage Battery—from Generator—how Connected and Disconnected 

from Generator. 


The electric generator Is operated by belt, 
chain, shaft, or gear drive from the engine, 
and supplies electric current to the storage 
battery and the lights. 

When the engine Is not running, or is 
running at a very low speed, the lights and 
Ignition are supplied entirely by the bat¬ 
tery. This provides a “constant" source of 
supply of current for ignition. 

Automatic cut-out: The Ward Leonard as 
an example, see pages 342, 344. A magnetic 
switch, called an automatic “cut-out" is 
placed in the circuit between the generator 
and storage battery. This device auto¬ 
matically connects the generator to the light¬ 
ing system and battery when the engine is 
running at—say, approximately 7 to 10 
miles per hour car speed or over, and char¬ 
ges the battery and supplies current for 
light and ignition. 

When running at less speed, the "cut¬ 
out" disconnects the generator from the 
battery and lighting circuit, and the bat¬ 
tery then supplies the current. 

If lights are burning when generator is 
connected to battery, then the generator 
furnishes part of the current to them; as 
the speed increases, the proportion of cur¬ 
rent supplied by the generator increases, 
until at high speed the generator supplies all 


of the current to the lights, and in addition, 
charges the battery. The amount of cur¬ 
rent the generator furnishes to the battery, 
depends upon the number of lamps burning, 
and the speed of the engine. 

Therefore the purpose of the automatic 
“cut-out" is to open the circuit (as at V3, 
chart 165), when the generator is run nin g 
slow or not running at all, so that current 
will not flow back into generator. Also, to 
dose the circuit when generator is running 
fast enough, so that the generator will 
charge battery and supply current to the 
lights. 

Floating a Storage Battery on the 
Line. 

This term refers to the storage battery 
used in connection with a generator, where 
the storage battery supplies current, for 
lights, when generator is running slow or 
not running at all, as explained. 

The generator charges battery and sup¬ 
plies current for lights, when running at suf¬ 
ficient speed. If the speed of engine is 
varied, part of time the battery would be 
in use and part of the time the generator— 
the battery would then be “floating"— 
see chart 163. The “cut-out" would be 
changing from one to the other—owing to 
the variable speed of engine. 


♦Regulation of Out-put of Generator. 


In a dynamo, the voltage Increases with 
speed. The dynamo begins to charge the 
battery, at about 7 to 10 miles per hour, but 
it is also desirable to charge battery and 
supply current for lights at a higher speed. 

As the voltage increases with speed, then 
the lights would be burned out and generator 
would be injured by excessive sparking at 
commutator, and an excessive amount of 
current would flow to the battery. 

Therefore some form of “regulation" 
must bo used to keep the voltage or poten¬ 
tial and amperage or quantity of current 
constant at high speeds. 

♦♦Methods of Regulation. 

Regulators are classed as, “current" 
(amperage) regulators and “voltage" reg¬ 
ulators, and operate in various ways. 

(1) By methods of winding the Held 
colls as shown in figs. 1 and 2, chart 162; 
compound and shunt connected, which con¬ 
trols the current (amperage) production at 
high armature speeds, and holds the cur¬ 
rent to the proper output. 


(2) By electrical magnetic devices as 
shown in charts 165 and 168; which forces 
the current to travel through a resistance, 
thereby weakening the strength of the mag¬ 
netic field, and consequently the output of 
the dynamo. These regulators can be wound 
to control the voltage or the current. 

(3) By a mechanical governor which con¬ 
trols the speed of the armature to a fixed 
number of revolutions (see chart 170 fig. 8). 

(4) Thermally, by an increase of resis¬ 
tance coming into play in connection with 
the shunt field winding by means of i rise 
in temperature, due to Increased current flow 
—as explained in Rushmore generator sys¬ 
tem (chart 166, figs. 1, 2 and 3). 

All regulation methods will be explained, 
under the description of different eloctrie 
systems. For instance under “Delco" the 
11 variable resistance ’ 9 9 ‘reverse series 9 9 and 
“third brush" regulation will be treated, 
which are also explained on pages 345 and 
925. 


There are two principles of compound windings in general,use: “differential compound" per page 
348 and “cumulative compoud" per page 347. 

♦It may be well to mention that voltage means pressure, and amperage means quantity. The gen¬ 
erator may be reading 6 amperes of current to the battery at a pressure of 6% volts, but while the 6% 
volts would go to each light, the 5 amperes would not go to one light, alone, as the lights cannot take but 
from 1 to 5 amperes each, according to their sise. In other words no matter what quantity of 

current roes to the battery, the resistancec of the lamp filament allows only so much current to pass 

through It—yet if a higher voltage goes to the battery, then the lights would be burned out. For as 

the voltage increases above the voltage the lamps are intended to use, the lights get brighter until 

filament burns out. **See also page 848 and 845. 
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Fig. 1: Starting Engine. 

Whan starting pedal is pressed 

'down, switch makes contact at (P 
and PI), causing current to flow 
from battery to (P), thence through 
resiatance, causing motor to torn 
slowly. Further depression of pedal 
full contact is made at (Q). At 
the same time pinion gear engages 
with fly wheel gear. Engine crank 
shaft then revolves and engine 
starts— at which time the pedal is 
released and pinion gear is thrown 
out of mesh and switch opened, or 
f in other words, starting mo- 
r tor is then out of service, as 
:** it has done its work in start¬ 
ing engine. The storage bat¬ 
tery supplies current for igni¬ 
tion and lights until a higher 
speed is reached. Note the 
rj circuit is open between stor- 
r \ age battery and generator 
(V3). 


Ml flGENERATORl 


PAtH +' li 

p/e to JT 


ST A ere A 
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Fig. 2: (Generating Current. 

When the engine mas, the generator runs, but before 
generator can be of any service li must run fast enough 
to generate voltage higher than the battery. Therefore 

- when engine is running about 

starting 9 or 10 m. p. h. car speed, 

p«oal up the generates suffi- 

\ F cient voltage to cause “cut- 

ff) y/ out” core (V) to become mag 

^_Hi ]f yV netized enough to draw cut-out 

* ^ (- S-—1L arm (VI) to it—at which time 

the circuit is closed between 
battery and generator. Follow 
~""1 circuit from top brush of gen¬ 

erator through regulator coil 
thence (V3) to battery. Re¬ 
turning from battery to lower 
j brush. The “main field” 

-jn ^ ” winding is merely 

- fi * “shunted” across the 

i *n wires from brushes 
/L Jr Jl Generator now supplies 

* C-f/r current for ignition and 

^ >r / lights and battery is 
“floating on the line.” 

J «« **• 1. P»S» 334. 


[GENFRWOR 


r' ^ Fig. 3: Regulating Current.* 

When engine is running at a very high speed, generator will 
run at high speed. As high speed causes generator to produce a high 
voltage which would bum out the lights and increase the charging j 

-current to battery more than desired 

pedal —* voltage regulator is used to regu i 

f wow tv late this—note resistance (R). ! 

. Jl J $ H At a high rate of speed the reguls- 

N~ # ~ — - I- I. tor coil core (S), is wound, to that if 

. ~ “J |/U-- t PI- Z? —II // over a certain amount of current 

H J. SrTrmv—^ ^jknrmvk v <£>==> passes through same, it becomes mag- 

'ttntm [Wr - 11 i[-F 7 -~\ = netiaed sufficiently to draw arm (SI) 

1 v 3M~x/ _ to it, against tension of spring (82). 

GFNFR ATOP This action forces the “main field” 

0 £ current to travel through the resistance 

_f: •> (R) (at its circuit haa been opened at 

1 J_= * S3) thereby weakening the field mag 

2 r -* ^ 7* ■■ ■ , . ■■■.. ■ — netiam. When weakened suf- 

7r*" m | / - ^' 1 I flciently, the arm ia drawn 

• \ i I ~ r,, 1 I back again to (S3) by tension 

v V\_ r ±~J2i /A/ LjLjn ] of spring (82). 

^ ^ j . X- ( — In actual practice this ara 

st. ^ 63 Jl (81) vibrates in running back 

--- J !| 

t cur cor / viReferring to fig. 2 again. 

Ct - or,t ° ^1- ~ _ note this resistance ia not in 

action, because the field car- 

rent flows through the path which has least resistance. But in fig. 3, it must flow through the resistance 
(R), because of the opening at (S3). 


JHART KO. 165—A Simplified Example of Starting Motor and Generator at Starting and VtiM 
Speeds, showing Operation of “Cut-Out” and “Regulator,” also Switch with R e s istan ce . 

See also page 344, explaining how and why the cut-out is demagnetized on reversal of current flow, which is «t 
explained in this chart. See also page 342. 
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Fig. 1.—Diagram of Bushmorc generating sys- 
The bucking coil ie a “series" winding 
on the field. The main field winding is “shunt¬ 
ed" across. Out-out is the usual magnetic type. 




bucking coil series 
winding and location 
of “ballast coil" in 
circuit. 


Fig. 3.—The “Iron 
wire" “thermal" type 
regulator of current, 
•Jailed “ballast coil" 
which allows a certain 
quantity of current to 
pass, but beyond that 
quantity the iron wire 
heats and offers resist¬ 
ance to flow of current 
in field, therefore the 
current must go through 
the bucking coil or series 
winding (in figs. 1 A 2) 
which action does not 
permit the current to in¬ 
crease but keeps it at a 
constant strength. 


Rushmore Thermal Principle of Current Control. . 

The action Is to reduce the strength of the field magnet at high speeds, by means of counter excita¬ 
tion produced by a few turns of magnet wire, called a ‘bucking" coil, on the field poles (fig. 2). 

The amount of current passing through this bucking coll Is determined automatically by the varying 
resistance of a small coll of Iron wire, called the “ballast" coll, (fig. 8) which is made in the form of a 
cartridge fuse and carried in clips on the switch-block in the main line between the dynamo and the 
battery. 

At low dynamo speeds and outputs of current this ballast coil is cold and acts as a short circuit to 
divert the current from the field bucking coil. 

As the output increases the iron wire becomes heated, although its resistance remains practically 
the same as when cold, until reaching a certain “critical" temperature, just below the dull red heat, its 
resistance goes up with a Jump so that, practically speaking, it will not permit another ampere to pass 
and after that any excess current must pass through the field bucking coif. 

At car speeds below 16 miles an hour the dynamo acts as a simple uncontrolled shunt wound ma¬ 
chine, while at the higher speeds, owing to the counter effect of the bucking coil, the resultant excita¬ 
tion is barely 1/6 of the excitation due to the main shunt field coil alone. 

In order to keep the current in the main shunt field coll as 
nearly constant as possible, it is connected at a point beyond the 
ballast coil (fig. 2) instead of directly across the brushes. Thus 
it does not feel the fluctuation of voltage at the brushes. 

The effect of controlling the bucking coil by the current output 
is to produce an approximately constant current at the higher speeds. 

The voltage Is determined by the storage battery and is simply 
the voltage required to force the specified current against the coun¬ 
ter electromotive force plus the small internal resistance of the 
battery. 

Assuming that the battery Is in good condition the dynamo 
voltage will be slightly In excess of the open-circuit voltage of the 
battery, i. e., from about 6)4 to 6)4 volts, depending upon the 
state of charge. 

The battery is absolutely necessary to control the voltage of 
any automobile lighting dynamo and must never be disconnected 
therefrom while the dynamo is In use. 

Principle of Inherent Control. 

The potential winding (P), fig. 4, remains always electrically 
connected with the dynamo and the current passing through this 
winding flows always in the one direction. 

When the dynamo speed is such that the voltage generated 
is sufficient to send through the potential winding enough current 
.to magnetize the iron core (0) to a point where it attracts the arm 
(A), it will cause the cut-out contacts to close. The instant the 
contacts are closed, current flows from the dynamo through the 
cut-out series winding (S) to the battery. It will be noted that 
under such conditions, the current passing through the cut-out series 
winding is in the same direction as that through the potential 
winding, thus adding to the magnetisation of the iron core and cans- 
ing the contacts to be held together so firmly that vibration or 
jarring cannot affect them. 

When the dynamo speed drops below the minimum necessary to 
charge the battery, or, in other words, when the dynamo voltage is 
less than that of the battery, the current in place of flowing from 
the dynamo to the battery, flows from the battery to the dynamo. 
Under such conditions, the direction of the current through the po¬ 
tential winding remains the same as in the case where the dynamo 
voltage exceeds that of the battery, the change being in the direo- . 
tion of current through the series winding of the cut-out, as shown 
by the heavy arrows. 



* Fig. 4.—Diagram of the Bosch 
standard lighting system, using 
type D. 8. G. dynamo, with an 
inherent method of regulation in¬ 
stead of a thermal principle. 


This reversal of current through the series winding creates a magnetic field which Is in opposition 
to that created by the current In the potential winding (P), with the result that there is a neutralization 
of the magnetic attraction between the core and the iron button of the cut-out, with the further result 
that the spring causes the contacts to separate and disconnect the battery from the dynamo, thereby 
eliminating any possibility of the battery discharging through the dynamo. (For further information 
relative to Bosch system, tee page 253.) 


CHART NO. 160—Rashmore (now known as Bosch). 
Principle of Regulating the Current Output. 


Thermal Principle and Bosch Inherent 
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The one armature and one set of field magnets serve for both the motor and generator. There 
,re two separate windings and two commutators, however. Ignition timer and distributor are mounted 
vith this unit, but the distributor drive spiral gear 1 b not attached to the armature shaft as would 
laterally be inferred but is connected to the pump shaft, or shaft driving the generator. In other 
rords if connected to the armature shaft the action of the clutch used in connection with the genera- 
or drive (not shown above) would affect the timing operation. 




Fig. 2.—The two unit system, divided into classes; A and B. 


A—Where starting motor and generator are 
ombined in one unit and the magneto (or coil 
nd distributor) for ignition in another, it is called 
, “two unit" system. The above illustration is 
upposed to iillustrate a “double decker," meaning, 


generator is placed over motor, using a separate 
armature and separate field magnets, see page 352. 

B —Starting motor in one unit—generator and 
ignition in another. This is also a “two untt M 
system. 



Fig. S.—The three unit system—These are separate parts. The -ignition can be of the “magnets" 
lternating current type, or of “coil and distributor" direct current type, in fact any ignition system 
eparate from the generator and motor, can be used. 


LET NO. 167—Different Methods Employed to Combine and also Separate the Starting Motor, 
Generator and Ignition. 

NOTE—There are many other types of motor-generators, but we will not show all of them in this trestim 
will confine our instruction to the general principle. After the principle is mastered, then the reader osf» 
» able to understand all systems. 
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Driving the Generator. 


The generator must ran when the engine 
runs, because it is necessary to recharge the 
battery and supply current for lights; and 
in many instances, ignition also. Ignition 
current, however, for starting, is provided 
by the battery. 

The generator Is usually driven from 
crank shaft or cam shaft, by means of chains 
or gear, or driven from the pump shaft. 
In some instances, it is driven from the 
drive shaft of the transmission. (See chart 
164, fig. 3). 

Over running generator clutch; when the 
starting motor and generator are combined, 
for instance see fig. 7, chart 164, note the 


starting motor drives through the fly wheel 
and generator is driven through the pump 
shaft. A “ clutch 19 must be provided be¬ 
tween this pump shaft and armature shaft, 
else the starting motor could not be inde¬ 
pendent. 

The overrunning clutch enables the motor 
to turn the engine over when the power 
comes from the motor, but permits the en¬ 
gine to run forward without turning it. 
Therefore when power is cut off the motor, 
the engine can continue to run on its own 
power but the motor comes to rest . (The 
roller type clutch is the type in general use, 
see figs. 5 and 6, page 351, for the prin¬ 
ciple). 


Ignition from the “Direct” Current Generator. 


The modern ignition system is explained 
in instruction 19. Note the distributor and 
4 'timer” or distributor with “breaker” or 
“interrupter” are the approved methods. 

Distributor drive method. The ignition 
distributor is quite often an integral part 
of the generator but is driven independent 
of the armature shaft if an “over-running 
clutch * 3 is used between generator drive and 
generator, as explained above under genera¬ 
tor clutch. If however, the starting motor 
and generator are not combined and the 
clutch is not used, then the distributor and 
timer can be driven from armature shaft, 
providing armature and ignition shaft are 
driven at proper speed. 



Fig. 1. The modern method of 
driving the generator and igni¬ 
tion unit, la to mount the Igni¬ 
tion unit on the generator. The 
latter is driven by a silent chain 
at 1 % times engine speed and 
ignition shaft is geared to arma¬ 
ture shaft and tarns at % en¬ 
gine speed. 


fig. 1, chart 167, where the starting motor, 
generator, and ignition unit are combined— 
but note, the ignition shaft, is independent 
of the armature shaft—see page 377 “dis¬ 
tributor and timer shaft, how driven” and 
“generator clutch” page 386. 

A modern method is shown in fig. 1 below 
and fig. 2, page 340. The starting motor in 
this instance, is separate, therefore this 
would be called a “two unit” system. 

“Magneto Ignition” term is often ap¬ 
plied to the coll and battery system, and is 
no doubt confusing, as it implies that the 
current from the coil and battery system 
was “alternating,” whereas it is a “di¬ 
rect” flow of current taken from the direct 
current generator when engine is running, 
or from the storage battery when starting 
or engine is running slow. This “direct” 
current passes through the primary winding 
of the high tension coil and is “inter¬ 
rupted” or contact “made or opened” sud¬ 
denly by the timer or interrupter as ex¬ 
plained in figs. 2 and 3, page 242. 

This is why the term “magneto” igni¬ 
tion is sometimes referred to in connection 
with a generator of the “direct” current 
type; because the timer is of the “inter¬ 
rupter” type which gives a “single” spark, 
and not of the “commutator” type as ex¬ 
plained in fig. 1, page 242, which gives a 
“succession” of sparks—see page.248. 

The high tension coll used with the mod¬ 
ern direct current generator system, is a 
double wound coil without vibrator as ex¬ 
plained in fig. 4, page 245. 

This coil is sometimes mounted on the 
generator, or, it can be mounted on dash, 
under hood or any convenient place. 


It is evident that if the distributor and 
timer were driven from armature shaft and 
a clutch was between the drive shaft of 
generator and the ignition system, the lat¬ 
ter system would be thrown out of time. 
This would appear to be the case as in 


A “constant” source of electric supply is 
provided with the coil and battery system. 
In other words, the battery is kept charged 
by the generator, hence it is always availa¬ 
ble ns n constant source of electric supply 
for ignition and lights. 
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♦The cut-out: The proper charging of the battery is automatically regulated by the cut-out. 
When the car speed becomes approximately 7 miles per hour, the dynamo armature will give a voltage 
sufficient to charge the battery. The circuit between the dynamo and the battery is normally open, 
but when the voltage of the dynamo becomes proper for charging, the coil (A) (figs. 8 and 9) on the 
magnet core (B) magnetizes the core sufficiently to attract the arm (0). This arm moves toward 
'the core (B), and thus two spark-proof points (DD’) are brought together, establishing the circuit 
between the battery and the dynamo, and the dynamo begins to charge the battery. 

In case the engine speed becomes so low that the dynamo voltage is less than that of the bat¬ 
tery, the magnetism caused by the “cut-out” coil (A) is weakened so that the spring (K) pulls the con¬ 
tact (DD’) apart. Thus the circuit between the dynamo and battery is opened by the “cut-out” when 
the dynamo speed is too low for proper charging, and closes the circuit when generator is running fast 
enough to charge battery. See page 344 for more detail of the “cut-out.” 

♦Current regulator: In a dynamo the voltage increases with the Bpeed, unless a method of controlling 
it is adopted. The dynamo should charge at about 7 miles per hour, but it is desirable that when the 
car nius at a much higher speed, as 15 to 60 miles per hour, the dynamo voltage shall not increase. 
If allowed to increase, such an excessive dynamo voltage would tend to cause sparking at the brushes, 
excess current and consequent trouble at the commutator, and excessive wear and heating of the bear¬ 
ings. It w r ould also cause an excessive amount of current to flow through the battery. To prevent this 
the strength of the dynamo field (fig. 9, page 844 and this page), and consequently the output of the dy¬ 
namo, is made dependent on the touching of the two points (EE 1 ) of controller or “regulator” as follows: 

, All of the generator current must pass through the coil (F) on controller or 4 ‘regulator,” on its way 
to cut-out and battery. If this current becomes a certain amount (usually in practice ten amperes) the 
core (G) becomes sufficiently magnetized to attract the finger (H). This separates the contacts (EE) 

and a resistance (M) is inserted in the field circuit, weakening 
it. This causes the amperes to decrease. When the current de¬ 
creases to a predetermined amount (say 9 amperes) the coil (F) 

(figure 9) does not magnetize the core (G) enough to overcome 

the pull of the spring (J). The spring (J) pulls together the points 
(EE‘), the full field strength is restored, and the current tends to 
increase. Under operating conditions the finger (H) automatically 
and rapidly vibrates at such a rate as to keep the current constant. 

As a result the dynamo will never charge above a predetermined 
amount (10 amperes) no matter how high the speed of the car, 
but at all speeds greater than a predetermined speed (about 15 

miles per hour in practice) the dynamo will produce a substantially 
constant current. 

Fig. 9 . 

flfilfi ADM eiiv miv ^ 



Fig. 8. The Automatic Oontroller. 
A —cut-out. F—regulator. 



IABT KO. 168—The Ward-Leonard Starting, Generating and Lighting S y stem using a magnetu 
principle of “Cut-out” and Current Regulator. 

When studying this system don't confuse the 4 ‘cut-out, ” which Is termed a “reverse current cut-out,” with the 
“regulator.” Also note page 844 for more detail of “cut-out.” The “cut-out” merely opens or closes eir 
suit between battery and generator and the “regulator” controls the current output. 
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Starting Motor, Generator and Ignition—how combined or separated. 


A “three unit” system, is shown in fig. 
3, chart 167. Here the generator is one 
separate unit and the starting motor and 
ignition each, separate. 

A “two unit” system, is shown in fig. 
2, here the starting motor is in one unit 
and the generator and ignition another or 
the starting motor and generator could be 
combined and the ignition separate. 

A “single unit’’ system, is where the 
three are combined in one; .starting, gener¬ 
ating and ignition. 


The different systems in general use will 
be treated farther on. It will be advisable 
for the reader to study each carefully and 
then determine in his own mind, after read¬ 
ing the description of each system, the fol¬ 
lowing points: (1) Is It a single, two or 
three unit system? (2) How driven? (3) 
Is starting motor and generator combined. 
If so how? (4) What method is used for 
regulating current output? (5) How Is the 
Ignition system driven? (6) Is the igni¬ 
tion timer the type shown In fig. 2 or fig. 
3, page 242 f 


Example of a Modem Starting, Generating and Ignition System —see chart 168. 


The starting motor in this particular in¬ 
stance (page 342) is a 6 volt “series” 
wound motor fitted with the Bendix drive 
as explained in fig. 8, page 326 and 331. 
It drives through the fly wheel as shown. 

The starting switch used with the Ben¬ 
dix drive is the push button type which 
can be operated by hand or foot. There is 
no resistance in connection with this switch 
and when pressure is applied to the button 
full current of the battery is at once im¬ 
pressed on the starting motor. The switch 
contact is held only for an instant. 

To start engine, press the button of starter 
switch. The pinion on the end of arma¬ 
ture shaft then meshes with the gear on 
fly wheel, as explained in chart 160. 

As engine crank revolves, the generator 
armature revolves, winch turns the timer 
and distributor shaft (see Atwater-Kent 
systems, chart 117.) The current from the 
storage battery supplies the ignition cur¬ 
rent, which passes through the high ten¬ 
sion coil. The engine then starts and con¬ 
tinues to run on its own power. 

After engine starts, the starting motor 
has served its purpose and is now idle and 
is not used until starting is again necessary. 

The generator begins to generate current 
the moment its armature is started in mo¬ 
tion by the gear from cam shaft (quite 
often a silent chain) but does not generate 
sufficient current to overcome the voltage 
of the battery until speeded up, say from 
7 to 10 miles car speed, therefore the bat¬ 
tery supplies current for the ignition (lights 
also, if on), until the generator attains suf¬ 
ficient speed to generate sufficient voltage 
to overcome the voltage of storage battery, 
at which time the generator supplies cur¬ 


rent for ignition and lights and begins to 
charge battery. 

The automatic cut-out (see chart 168;, 
disconnects the battery from generator when 
engine is running slow or not at all and con¬ 
nects the generator with battery when gen¬ 
erator is running at sufficient speed to over¬ 
come the battery voltage. This cut-out is 
explained in chart 168 also see figs. 1, and 
2, chart 163 and note how the battery 
“floats on the line.” This contact lever C, 
fig. 8, chart 168, vibrates back and forth, 
owing to the speed of engine. 

Ward-Leonard “constant current” regu¬ 
lator: Amount of current supplied to bat¬ 
tery is governed by the “regulator” as 
explained in chart 168. On this particu¬ 
lar type of regulator, note how resistance 
(M) is Inserted Into the field circuit of 
generator thereby weakening it. This causes 
the amperage to decrease. If it decreases 
say below 9 amperes, the contact is closed. 
If it increases above 10 amperes, the con¬ 
tact is opened, throwing in the resistance 
(M) again, and in this way the amperage 
output is kept fairly constant. This would 
be termed constant current regulation but 
with an external type of regulator instead 
of inherent type. 

Difference between the “cut-out” and 
“regulator” is exemplified in chart 168. 

The cut-out principle explained in this 
chart would be called the “automatic,” or 
“magnetic” or “vibrating” type principle 
of the reverse current type. 

The controller of the Ward-Leonard sys¬ 
tem consists of the “cut-out” and “regu¬ 
lator” mounted together as in fig. 8. 

A careful study of chart 168 will make 
the principle of this system clear. 


Different Regulation Methods. 


We might class the different methods of 
regulating the voltage and amperage of a 
generator under three heads; (1) constant 
current with inherent regulation; (2) con¬ 
stant current with external regulation; (3) 
constant voltage or potential regulation. 

Inherent Constant Current Regulation. 

Inherent or constant current regulation is 
so named, because its method for regulat¬ 
ing the current or amperage output does not 
depend upon external agents, as a separate 
mechanical regulator, etc., but its connec¬ 
tions are embodied internally, into the gen¬ 
erator proper. With this system, the cur¬ 


rent output is constant but voltage slightly 
varies, see page 925. 

The inherent or constant current regula¬ 
tion control may be a “third-brush” sys¬ 
tem, “bucking series,” that is, a differ¬ 
ential compound winding, or “cumulative” 
compound winding, or a “thermal” prin¬ 
ciple, all of which would come under 
the head of “constant current” or “in¬ 
herent” methods of regulation. 

Third brush regulation: This principle 
is explained on pages 925 and 389, and con¬ 
sists of a third brush, which regulates the 
output. It is used quite extensively and 
—continued on page 345. 
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-——-——-—--- - --- Circuit Details of the Ward- 

me Mtwnri yMng D f ibc Ward L™ n » r j controller it Leonard “Cut-Out.” 

thown m Figure 9 Although the subject was dealt 

tw«u** _ with in chart 16 8, the winding 

riftid (L) and other * * cut-out 9} diagrams 

CO m w U c JTftftKROTn were not fully explained. By re- 

x - ferring to illustrations on upper, 

. =■ | right hand illustration of chart 

o 1 (AM/ ) * a rmatiirv 168, and fig. 10, this page, note 

* Brtttufl™ califs) /C~\S there are two coils (L and A) 

L - t- wrapped on the core (B); one 

<Wj _ a “shunt ’ 1 (A), and one ‘ 1 series ’ 9 

Dl Sif'Ci3?i if.Oj: j % coil (L). This iron core (B) at- 

pp] u I h Li § 0_ tracts and repels an iron lever 

A —LJ 5 * (C). Attached to this lever (C) 

R \/- ---—-£- r-y — are contact points (D) at which 

the contact between the genera¬ 
tor and battery is made and 
Bdll broken. The shunt coil (A) is 

_ ^ D -q_ connected directly across the two 

; _ I brushes of generator and there- 

f — i 1_o_ill re—^ fore the full generator voltage is 

^ S * . c= ^ —^ impressed across the ends of this 

I) coil similar to (P) fig. 2, page 334. 

11 The series coil (L) of cut-out 

11 11 11 { \ is connected in “series'' with 

^ J U y J battery and generator through 

controller or current “regulator" 
Fig. 9 coil (F). The current from gen¬ 

erator, to charge battery, must 
d k pass through the “regulator" 

s i ^ _j_ 7_'- , coil F.* Therefore, this series 

1 1 ~f?' , # r . ~i coil (L) of cut-out carries the 

* -v 5 ggp : /■) charging current when battery is 

Ch/ : f - J JgB . /Jn being charged—fig. 2, V, page 

^ c fej t vL/ 334 will probably make this idea 

1 Why Beversal of Current 

In Cut-Out Coil L. 

9mich + dr <a The coil ( L ) is em P lo 7 ed to in- 

ff ^ ^ sure perfect demagnetisation of 

\ pulo© l Ff B D the core (®) on rever sal of cur- 

i H V —' \ -- rent > 80 it will release blade (C) 

|paltry I-*"® ARMftruRE (V) 1 q uickl y> explained as follows: 

u OO O O ~TT___ w* ■$ When the engine is started, 

° the generator is driven by the 

LAMP3 p I0 ,Q generator engine, and it, therefore, in- 

■ — -r- : ■ - ■■ ■ J creases and decreases in speed 

with the engine. When the engine 
Explanation of cut-out and regulator circuit: The path is speeded up the generator fol- 

of charging current is from (A + ) on generator, to A on cut* i nwa {fh <, n rr««nnmlintr InormuM 

out, thence through battery to (D) on regulator, thence through f ows W1 * n corresponding increase 

windings (F and L») to contact point Dl, across D1 to D. then in speed and the voltage of the 

down lever (0) to magnet frame, then from ground connection generator rises as the soeed in- 

on magnet frame to part (B) of controller and from there to * OQ „ Aa mn "* *i 

(B—) of generator—thus completing the circuit. The purpose of creases. As SOOn as the genera- 

resistance (M) is explained on page 342. tor voltage gets to a point above 

the voltage of the battery, which 
is approximately six volts, the shunt coil (A) pulls the iron lever (C) towards the magnet 
core, thereby closing the contact at the points (D). As soon as this contact Is made, the gen¬ 
erator is connected to the battery, and a charging current will flow from generator to the 
battery through the series coils (L) and regulator coil (F) which are in series with the gen¬ 
erator and battery. The generator continues to charge as long as contact points (D) re¬ 
main together, but when the engine speed is decreased, so that the generator voltage falls 
below the battery voltage, the battery will discharge through the generator and therefore 
through the coil (F); under discharge conditions current flows through winding (L) in the 
opposite direction to that which it does under charging conditions. While in the wind¬ 
ing (A), the flow of current is in the same direction. This reversal of the flow of current 
in (L) causes the winding to buck or work against each other, therefore demagnetising 
the core (B) which allows the spring (K) to pull lever (C) away from the magnet core, 
thereby opening the contact at the points (D), which disconnects battery with generator. 


CHART NO. 168A—Detail Explanation of the Ward-Leonard “Cut-Out,” Called a Reverse On- 
Tent Cut-Out, the reason of which is explained above. 

*8ee page 343 for explanation of the 1 'regulator*’ coll (F). This part of the controller is to regulate the oet* 
put of generator, whereas the “cut-out" merely opens and closes circuit between battery and generator. 


EaTT 

GENERATOR 


Explanation of cnt-out and regulator circuit: The path 
of charging current is from (A + ) on generator, to A on cut¬ 
out, thence through battery to (D) on regulator, thence through 
windings (F and L) to contact point Dl, across Dl to D. then 
down lever (0) to magnet frame, then from ground connection 
on magnet frame to part (B) of controller and from there to 
(B—) of generator—thus completing the circuit. The purpose of 
resistance (M) is explained on page 342. 
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comes under the head of inherent or con¬ 
stant current regulation. 

Backing series regulation: This method 
would also come under the head of inher¬ 
ent or constant current regulation. A sim¬ 
ple explanation of the working of the “buck¬ 
ing series” winding is given below. 



„ IP* V— Wi I in *. diagram of WestinghouBe six- 
volt system, showing grounded return wire with 
bucking-senes method of regulation. 

Machines of this type are essentially dif¬ 
ferential compound generators with internal 
connections such as shown in fig. 1. The 
series field (SEF) increases in strength with 
increase of output and opposes the shunt 
field (SHF), thereby reducing the resultant 
field and keeping the voltage and current 
within permissible limits. A separate me¬ 
chanical regulator is not used. 


With this type of generator the storage 
battery really regulates the voltage and the 
series winding and speed of generator de¬ 
termines the current or ampere output. 

*A reverse current cut-out (RC) is pro¬ 
vided and is so adjusted that on the average 
car the battery circuit is cut in above 10 
miles an hour and cut out below 7 miles. 

When the generator is connected to the 
battery by the automatic switch (RC) the 
current rises rapidly with the speed until a 
value of from 5 to 7 amperes is obtained if 
the lamps are not burning. Above this, the 
output rises very gradually, the curve being 
nearly flat for all motor speeds so that the 
danger of an excessive charging rate to the 
battery in day touring, when lights are off, 
is eliminated. The idea is that the current 
comes primarily from the shunt field wind¬ 
ing and should be kept as nearly constant 
as possible, although the speed of genera¬ 
tor is increased or lamp load is added. 

This is accomplished by what is termed 
the reversed compound field windings on 
the generator, or the addition of a series 
coil which has a bucking or opposing effect 
to the flow of current in the shunt coil 
winding. This effect is obtained, by caus¬ 
ing the curent in the series field coil (SEF) 
to flow in such a direction that its effect on 
the magnetic field of the generator will op¬ 
pose the effect on the magnetic field of the 
shunt field (SHF). 


For example: when the lights are turned on 
the output of the generator increases propor¬ 
tionately, explained as follows: assume that the 
lamp -load requires 6 amperes and the generator 
output is 5 amperes, then 1 ampere must be 
taken from the battery. This battery current 
must go through the serlee field (SEF) on its 
way to the lights in order to complete the cir¬ 
cuit, thus it assists the shunt field (SHF) in¬ 
stead of bucking it, therefore the current value 


will rise as lamp load increases, but not exces¬ 
sively, as the bucking effect will come into action 
and prevent it, explained as follows: 

Now aasumo that the generator output is 7 
amperes and the lamp load is 6 amperes. This 
leaves 1 ampere which will now be taken from 
the generator to the battery, to charge it. This 
1 ampere must pass through the series field (SEF) 
—but will pass in a reverse direction to what it 
did when it came from the battery—this change 
of direction through the series coil causes the 
series coil to buck or oppose the shunt field 
(SHF) instead of assisting it. as in the above 
case. Therefore, as the Bpeed increases the effect 
of the series coil bucking or opposing the shunt 
coil and the de-magnetizing effect of the armature 
current will be more and more pronounced and 
thus prevent excessive current rise as the genera¬ 
tor speed is increased to relatively high values. 
The effect of this action is to proportionate to 
. the speed of the generator and to the quantity of 
lamp load so that at all times the output of the 
generator will be greater with lamp load than 
without. 

Series bucking coil and thermal method of 
regulation: Another method of causing 
the series coll to buck the shunt coll Is by 
means of a thermal principle, explained on 
page 339. The difference here is in the 
addition of an iron wire ballast or thermal 
coil which permits the current to flow 
through it and not through the series coil 
at low generator output, but as generator 
output increases the iron wire heats and 
offers resistance and current must flow 
through the series coil which then bucks 
the shunt coil and thus regulates the out¬ 
put fairly constant. This would be termed 
an inherent method of regulation—although, 
the iron coil is placed separate from genera¬ 
tor, the action is not mechanical. 

A cumulative compound winding is shown 
in fig. 4, page 351 and explained on page 
347. 

Constant current regulator of the external 
and mechanical type is shown on page 342. 
Instead of the current being regulated in¬ 
ternally (inherent), it is regulated by an 
external regulator which cuts resistance ih 
and out of field circuit. It is similar to a 
voltage regulator, except the magnet coils 
are wound to regulate the output for con¬ 
stant current instead of for constant volt¬ 
age (don’t confuse the battery “ cut-out” 
with the regulator). 

Constant Voltage or Potential 
Regulation. 

An external device is used, known as a 
“voltage regulator” which operates me¬ 
chanically. The voltage is kept constant 
but the current output varies with this 
system, as explained on page 925. 

The voltage is regulated through a range 
which permits the charging of a storage 
battery at a high current rate when battery 
voltage is low, and at a much lower rate 
when battery voltage is high. In other 
words, the charging current depends upon 
the state of charge of the battery or its spe¬ 
cific gravity. A nearly discharged storage 
battery will take a heavier charging cur¬ 
rent, which charging current will be reduced 
as the battery becomes charged. 


•Don’t confuse the action or purpose of the battery cnt-ont (called a reverse current cut-out, principle 
of which is explained on page 344) with that of a current regulator or voltage regulator. In fact a 
cut-out is used with either the voltage or current regulation system, however, on some constant cur¬ 
rent systems, Delco, for instance, the cut-out is eliminated, (see page 383.) 

Soo page 925 about removing battery with a constant current and a voltage regulation system and 
note difference. 
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The generator in this instance is a 6 volt generator whieh 
can be driven by a silent ehain or gear drive. 

The cut-out is shown, which is of the usual reverse current 
type of relay (note relay and cut out are synonymous). It's pur¬ 
pose is to open and close the circuit between the battery and 
generator as explained in charts 168 and 168-A. 

The regulation of this generator is called the “inherent’ 1 sys¬ 
tem, which is similar to “ current 19 regulation and is different from 
voltage regulation. Note the “ ground 19 to the generator frame. 

The single wire or ground return, using the frame of ths 

The starting motor is of the series 
wound type, with ground to motor 
frame. 

The Westinghouse vertical igni¬ 
tion equipment consists of a vertical 
ignition unit as shown in this, and 
chart 168-C, diagram fig. 7. An 
ignition switch, a ballast resistor and 
a battery. 

Equipments are made for 6 or 12 
volt circuits and for use on 4, 6 or 
8 cylinder engines. The system 
shown in this chart and 168-C is a 
6 volt\>attery and generator. 

The ignition unit is made up of 
four essential parts, namely, the in¬ 
terrupter (IC, connections to it), the I 
condenser (see fig. 1), the induction 
coil (C, and fig. 1), and the distribn- [ 
tor (D), all included in one case. 

(see also pages 347, 348.) \ 

IHABT NO. 168B—The Westinghouse Starting, Lighting and Ignition System, using a Reverse 

type “Out-out” between Battery and Generator with an “Inherent” system of “Begolattof" 
the Output of Generator—a “two unit single wire” system. 



Fig. 2. Westinghouse generator with the ignition distribu¬ 
tor and timer and high tension coil mounted on the generator. 

The coil is beneath the distributor and timer. The generator 
is driven by a silent chain from cam shaft, the distributor 
shaft is driven from a spiral gear on armature shaft (S), and 
.is of course driven at cam shaft speed. T, generator ter¬ 
minals (see fig. 1, F-A); G, ground connection terminal. 
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Westinghouse Vertical Ignition Unit 
Mounted on Generator. 

This system is explained in charts 168-B 
and O. One part which is not fully ex¬ 
plained in charts is the Ballast resistor. 
Its purpose is explained below. 

The ballast resistors (see chart 168-B 
and C) has a resistance, having a high tem¬ 
perature co-efficient, placed in series with 
the primary coil of the ignition unit. This 
resistance with the resistance of the coil 
keeps the primary current at the correct 
value when normal voltage is applied. It 
has many other functions. If the engine 
is left idle with the ignition switch on, the 
resistor gradually heats up causing its re¬ 
sistance to materially increase and cut down 
the primary current, (see also “ ignition re¬ 
sistance unit,” page 378). This decreased 
primary current very much reduces the prob¬ 
ability of burning at the primary coil. 

When the engine is running a certain 
amount of primary current will flow at each 
closing of the contacts. As the engine 
speed increases the time of contact is short¬ 
ened and the time allowed the primary cur¬ 
rent to build up materially reduced. As 
this current reduces in value the resistor 
tends to cool, consequently reducing the 
value of the resistance. In this way the 
total resistance of the circuit is reduced 
and the current in the primary coil may be 
built up very rapidly. 

The Mechanical Governor OontroL 

The model of starting motor used in the 
1914 Overland, in this instance, chart 170, 
is used as an example in order to bring out 
the unusual driving method and action of a 
roller type of clutch. Also to bring out the 
action of the mechanical governor prin¬ 
ciple of controlling the output of genera¬ 
tor current. 

The drive in this instance, is by means of 
a double sprocket which “over runs’* the 

How One Armature Serves 

The Delco system, explained under in¬ 
struction 2 8A, is a system of this type. 

Another system, using the same armature 
for motor and generator was the “non- 
stallable’ ’ Entz system formerly used on the 
Chalmers, (see page 352.) 

This Entz motor-generator system consists 
of the following parts: (1) storage battery 
18 volts, 9 cells. f2) motor-generator. 

(3) shaft with universal joint to start en¬ 
gine and drive generator (fig. 3, chart 164). 

(4) silent chain running in oil connects 
the motor generator drive shaft with engine 
shaft by means of a sprocket located just 
ahead of the flywheel. (5) a switch on 
the dash which opens and closes the circuit. 

TJ. 8. I*. Graphite Pile Regulator. 

The generator takes the place of the fly 
wheel. The construction and principle is 
shown in chart 172. 


roller clutch (D), which is the starting 
motor driving member. After engind is 
started, the generator is then run by en¬ 
gine crank through a chain, to double 
sprocket which “over runs” the clutch 
(D). (see chart 170.) Other methods of 
drive could be employed. 

The “roller* * type of clutch is used on 
many different systems and it will be worth 
while to study its action. 

The clutch on the governor of the genera¬ 
tor (fig. 3) is of the “friction” type ac¬ 
tuated by centrifugal motion, and is a 
different principle from the “roller” clutch. 

*Oumulatfve Compound Winding. 

The generator Is compound-wound with a shunt 
field, SHF, and series field, SEF, fig. 4, page 851. 
Unlike most compound-wound machines used for 
electric lighting the two field windings assist one 
another instead of oppose as per fig. 1, page 345. 
For this reason this is called by the electrical en¬ 
gineer a “cumulative” compound instead of “dif¬ 
ferential” compound machine; that is, it is so 
wound that the output of the dynamo increases 
as more current is required. This provides an 
automatic control of the load. 

The purpose of the additional field, SEF, is to 
increase the output of the generator as the light* 
are turned on, without increasing the speed of the 
generator. For example, with all lights out, the 
generator will deliver about 6 amperes, while with 
all lights burning it will develop 12 amperes. Be¬ 
tween these two points it will deliver additional 
amperes in proportion to the number of the lamps 
burning, that is, with half the total number, 9 in¬ 
stead of 12 amperes will be the output. 

This Gray and Davis generating system employs 
the usual type of automatic magnetic “cut out.*’ 
The later Gray and Davis system is explained in 
chart 178. 

The Mercury Type Regulator. 

This system is now seldom used, but will 
be explained in order to show the first prin¬ 
ciples of a Delco motor-generator and the 
“mercury*’ method of regulation. 

In order to clearly understand the sys¬ 
tem it wiM be necessary for the reader to 
study the principle of the entire 1914 sys¬ 
tem. For explanation, see chart 186. 

for both a Motor and Generator, 
similar to the system explained in chart 
165. Instead of “resistance wire” being 
cut into the field shunt winding, in this in¬ 
stance “graphite” piles are used. Graphite 
offers resistance to the flow of current, 
therefore the same effect or principle is the 



| Bmh _ Arawtiw FUM toA Switch | 

ri*. 1: Ptru •! tb« U. 8. L. fly wheel type of Oeaereter. 

result—weakening of the field current at 
high speeds. This regulation system is not 
used on the later models of the U. 8. L., but 
is merely shown in order that the reader 
will understand the principle. 


The regulation of the 1914 system was 

tSee pages 337 and 345, for explanation of “constant current” or “inherent" regulation and “volt¬ 
age" regulation. *Th« “differential" compound winding is explained on page 345. The difference 
between “cumulative" and “differential" winding is explained on this page. 
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View of the parts of the Westlnghouse Ignition unit as per page 846. See also page 251 and 252. 




Fig. 4. Fuse block with ballast resistor. 
The fuse block and ballaBt resistor (B) may be 
combined in one unit or separate. Instead of 
the ballast resistor being on the back of the 
switch as in fig. 3, it can be placed along side 
of the fuses protecting the lighting current 



From Battery 

Fig. 7. Diagram of connections of the West* 
Inghouse vertical ignition unit. 

Operation—With the ignition switch turned to 
the “on" position and the engine turning over, 
each segment of the interrupter cam (fig. 1) in turn 
passes on and off the fibre bumper. As each seg¬ 
ment passes off the bumper, the interrupter con¬ 
tacts close, closing the circuit from the battery to 
the primary winding of the induction coil (fig. 7). 
Then as they pass on the bumper, the contacts are 
opened, interrupting the circuit, thus inducing a 
high voltage in the secondary of the induction coil. 
This high voltage is directed by the distributor on 
the top of the ignition unit to the proper spark 
plug, causing a spark as it jumps the spark gap of 
the plug inside the cylinder, and igniting the charge 
therein. 

The ignition switch is double-pole with the inter¬ 
nal parts so arranged as to reverse the direction of 
current through the interrupter with each operation 
of the switch. The reversal of current principle 
and purpose is explained under "polarity switch," 
page 248. 


Fig. S. Front and rear view of the "ballast 
resistor" on the back of the switch (fig. 2). Par- 
pose of which is to protect the ignition inter 
rap ter points from burning. A 5 ampere fuse 
may be used to relieve an emergency but igni¬ 
tion must be turned "off" when engine is not 
running. (See page 347, explaining the "bal¬ 
last resistor.") 



Fig. 2. The doable pole ignition switch ar¬ 
ranged so it will reverse the direction of flow 
of current through the interrupter, see pagt 
248, explaining the function of a "polarity" 
switch also called a "current reversing type" 
of switch also note lighting switches. 


CHABT NO. 1680—The Westlnghouse Battery and Coll Ignition System as used with the eleetrii 
avstem shown on page 346. 3ee also pages 251 and 252. 
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WIRING DIAGRAM OF 
C4 AND B4 MODEL 
RERCE ARROW 


This generator U an ordinary shunt 
wound machine, with a separate volt¬ 
age regulating device, and differs from 
the previous machine, which had dif¬ 
ferential field windings. To explain 
this type generator in brief, would say 
that it has a cutout switch which op¬ 
erates exactly on the same principle 
as did the switches on the elder ma¬ 
chines, but in addition there is a device 
for throwing a resistance into the field 
circuit from time the voltage rises above 
a predetermined point, 6.8 volts. 

Voltage regulation: The shunt field 
current goes from the right hand brush 
up through the shunt field, through coil 
"D," then up and across the voltage 
regulating points "A" and down through 
the series coil "B," series regulating 
coil “0” and back to the other brush 
of the generator. As the voltage tends 
to go high, the current flowing through 
coil "E" and **0," and consequently the 
A’’ are pulled apart. In such case the 
.B," coil 


magnetic pull of core “0,” becomes of such magnitude that points 

shunt field current has to pass from coil “D" through the resistance unit and then through coil 
*‘C" and to the other brush. With the resistance in the shunt field circuit, the voltage tends to drop be¬ 
low six volts, but as soon as this drop starts the points “A" close again and boost up the voltage. These 
breaker points "A," vibrate at a high rate of speed and in doing so hold the voltage at the correct value. 
The coil "D," used in connection with this vibrating voltage regulator, is a compensating coil, used to offset 
the effect of stray fields set up by the generator. 

The cutout switch: Current leaving the right hand brush of the generator passes through the shunt cutout 
■witch coil "E" and then through coils “B” and '‘0” and back to the other generator brush. This U the 
usual type of cutout, similar to the Ward-Leonard shown in chart 168. 


Westinghouse ignition unit is composed of a very compact high tension coil with a mechanical breaker in 
the primary circuit operated by a cam on the end of the generator shaft. High tension current is led from 
the coil to the high tension distributor and then from there to the plugs. The coil and distributor units 
are built up in one housing and electrical connections are established with terminals of the generator by 
means of the two screws holding thiB housing in place. Primary current going to the ignition unit goes from 
one terminal of the battery to one side of the magnetic control switch, then up through the main lead for 
the lighting switch, first going through the 30 ampere fuse and then through the ammeter. From the ammeter, 
ignition current goes down to the top of No. 3 fuse and then across on the copper strap to the bottom of No. 
1 terminal post in the fuse box. From here it passes up through the small resistance unit of .6 ohms and from 
there to the point "PB" on the ignition switch. When the ignition switch is thrown on "B" or “MB,’* po¬ 
sitions, then “PB" and "1G" are connected. From * *IG" on the switch the current goes directly to the 
central terminal "I" of the generator and then through the primary winding of the H. T. coil, down across 
the breaker points to ground and back to the battery. Note that when the dash starting button is pushed 
that in addition to closing the starting circuit, by connecting the two points "SS" it also cbnnects the points 
"P" and "PB" on the ignition switch; and point "P" is connected to point "IG" whenever the switch is 
unlocked. Thus whenever the engine is started with the ignition switch on magneto position, the battery sys¬ 
tem of ignition is in action as long as the starter button is held down. 


The iglnltion switch, aside from the connections noted above to be used when starting, has an additional 
magneto ground, which is operated by pushing against the switch lever when same is in magneto position. 

Starting motor: Current goes from the battery across the magnetic control switch to the solenoid mount¬ 
ed at the front end of the motor. When current passes through this solenoid it pulls the starting pinion into 
mesh with the flywheel. From the solenoid the current passes to one pair of motor brushes, through the ar¬ 
mature winding, to the other pair of brushes, and then through the field windings to ground to the battery. 
(Similar to chart 161.) 

The electric clock: The electric clock is wound up by energising a small electro magnet, which operates 
every four and a half minutes; in other words, this clock will not run more than four and a half minutes after 
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_ i Remy Electric System. 

— 1 " Type:—Two unit. Voltage: 

coopum; pavk_ ^. - -_ j rvst paw ct —6. Voltage regulation:— 

F 1 Q o e =— gCA a UMf I T/ Q _ Third brush and vibrator. 

JUTITVY ^ srtXDOHCTts The equipment varies with 

1/ i| tTPifiTor^ -V y s^SoDflo \\ Q J) each make of car, but that used 

^ / Hoyool on the Velie may be taken as 

g -SW ITCH —T- to SPARK plow an example. 

Ji ll -—. Mill * 

A I yTjVI I and timer: at one end. geared 

_' to armature shaft. Out out or 

q 1+ E SsS tI relay:—at other end. 

coil- ► fixl* Wiring—The negative line 

f fciT TKn brush is insulated from the met- 

ffX_J y Cu f° T {B&fV_ #1 rocker ring, while the poei- 

\J=^ ^^**=*58^ rccitlator JU F\T£rfI\ea ne five line brush and the Held 

\ My brush, are connected to it, the 

I \vr ^ iU circuit from the battery te 

-v. / V- • H I J nwi_ill ' Jw these brushes being through the 

pATTCRr"^^^ / w 4 * 40 * frame of the generator. 

*"* 1 ichi now c cjr ojator The cutout and regulator are 

combined on the same Bakelite 
base. As soon as the generated 

voltage is greater than that of the battery the cutout points close. 

The regulator consists of an electro*magnet, an arm operating on bronse pivots, two sets of contact 
points and a resistance unit. 

When the generator is running at a speed lower than that required for maximum output, the con¬ 
tact points are held together by a spring and current supplied to the generator field passes directly through 
these points. 

As soon as the speed increases and the generator output tends to rise above the desired maxi¬ 
mum, the contact points are opened, forcing the field current through a resistance, consequently reducing 
the strength of the current with the result that the voltage generated is limited. This action takes plaee 
with such rapidity that the voltage actually remains constant at the prescribed maximum. 

_ _ _Fuse—A fuse is provided on the regulator base so 

Jrmrx - that the generator will be protected in case the bat- 

wiTffl (jfHCTE? nrjTOf ttur tery should become disconnected. 

C, 7 JC " “ "it " - Ignition—The breaker gap should be .02 or .025, 

f \ f ~Q A>N and the rebound spring should be at least .02 in. 

// / | \\\ from the breaker arm when the points are at maximum 

|a* TTttr f L -frp rrfM opening. Spark plug gaps for best results should bs 

-4-. III Ig f^VkJ ill 1 .025 40 - 08 hi- ( a * 80 * ea chart 118 and page 251.) 

T [ III t)} I I* is important to see that ignition switch is off 

i v yiL-tt whenever engine is stopped, as otherwise the batter? 

f J \\ y will discharge. The engine should never be operated 

| I \\ // while battery is disconnected unless the generator fuss 

"*■ ■* M on the regulator-cutout is removed. 

Qiagram of connseHont with Remy thsrmoatat TTOUbl©S. 

———-—- If lights, ignition, starting motor and horn are dead 

__ . __ _ the cause may be a loose or broken connection 

^TO ttunuoc rio* The Bemy at the battery terminals, or where the battery is 

automatic reg- grounded to the frame; a loose or broken connection 
1 1 Waaan rtl JJ**®** c on- at t j l0 starting switch or at the starting motor, or wire 

C ~— --- J the between the battery and fuse block; a loose or broken 

cMCB«ro* nw) _?7 v** u connection at the starting switeh or starting motor 

THCtMomT ciosio jwitoh- or w i re between the fuse block and the lighting switch 

~ to ccidutim ncu r f^ U ^ a fS broken and either fuse No. 1 burned out or the hors 

^ -p? winding ^ °P en ‘ olreQited - 

I Q L . aoon m the If *n lights go out and Ignition and starting motor 

. . 1 tempera t u r e are dead, there may be a loose or broken connection 

\reoM ctvcvAToa mu*b Of thermostat at th ® starting switch or starting motor. 

nitwotm os» rises above If all lights go out and ignition and horn are dssd 

160 degrees, the difficulty , may be a defective connection betwees 
~ NormftlW th. th « b »“« r y *»d the fuee block or between the Utter 

■ " * -J contacte are and th « «S b «“« ewltch and either fnee Wo. 1 beta* 

. kept together, but when thermostat element Is burned out or the horn open-circuited, 
heated, the point# separate. The resistance All lights out and Ignition dead shows that the wire 
(shown between the two springs) is then thrown between the fuse block and the lighting switch is d* 
into the field circuit. fective or that the ignition circuit is open, and eitfcff 

fuses Nos. 2, 8 or 4 are burned out. 

If the lights are Inoperative bnt the Ignition is o. k. the trouble is in the wires between the light¬ 
ing switch and the fuse block, fuses 2, 3, 4, and the wires to the lamps. 

If the Ignition Is dead and the lights are o. k. the ‘trouble is somewhere in the ignition wiring. 

If tho lights go dim and the battery Is not discharged and after examining the bulbs to see that the? 
are not of lower voltage, greater candle power or lower efficiency, look for a short circuit in the wire 
between the battery and the fuse block, between the fuse block and the lighting switch or between tbs 
switch and the generator. If the generator protective fuse is blown, look for a short circuit, but if i 
not examine the cutout. 1 


\reoM cmtAToa mum 

ruceitomT on* 

diagram of eon hoc- 
flow* for Remy automatic output 
regulating thermostat 


The Bemy 
automatic reg¬ 
ulator con¬ 
trolled by the 
temperat are, 
which switch¬ 
es a resistance 
into the field 
windings a s 
soon as the 
tempera t u r e 
of thermostat 
rises above 
150 degrees. 


1 regulating thermostat | Normally the 

* contacts are 
kept together, but when thermostat element Is 
heated, the point# separate. The resistance 
(shown between the two springs) is then thrown 
into the field circuit. 


CHABT NO. 169—The Remy Two Unit Electric System. The Starting Motor is not shown, but & 
Starting Switch and Connections are shown. One wire from switch connects with starthf 
motor terminal, the other terminal of motor is grounded and circuit is completed through frsm* 
of car. Remy Electric Thermostat. 
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The dynamo or generator is mounted directly 
under the starting motor, and is driven by chain 
from the double sprocket. 

After starting motor starts engine, the dynamo 
continues to run, but the clutch on sprocket permits 
the double sprocket to revolve without revolving 
motor. 

Starting Motor is geared by means of reduction 
gears in end of motor case (A A B). 

The Ratio of gearing is 28 to 1. 



Fig. 3—Gray A Davis Generator with 
Mechanical Governor. (See text for elec¬ 
trical action of regulation). 


The regulation of current (amperes) out¬ 
put is accomplished in two ways: Elec¬ 
trically, by compound winding in field and 
Mechanically by a Governor. 




QVe# B 


S/0£ V/EVO* 
DOUBLE BPROCHtn, 
OVSH CLOTC# 



CLUTCH 



The regulation of maximum output is ef¬ 
fected by the centrifugal governor, which 
keeps the speed of the machine constant. 
For that reason this may be placed in the 
class of mechanically regulated machines. 
Variations in speed are taken care of by 
the automatic clutch. 

The clutch (A A B) will slip more or less 
according to the stfeed of the engine, and 
the amount of such slippage is controlled by 
a governor. 

As soon as the speed of the armature In¬ 
creases beyond the rated number of revolu¬ 
tions, the governor will act on the friction 
clutch. In other words, the two clutch 
halves (A A B), will be pulled apart and 
slip in such a manner that the armature will 
rotate not faster than the pre-dctermined 
speed. 


sar 



Action of Roller Clutch: (D) is connected to motor armature shaft at (3 & 6). When motor shaft 
revolves by current from battery, (D) turns in direction of arrow point, causing rollers (R), to clutch 
against inner surface of sprocket (2). 

After Engine is Started and motor switch is off, sprocket (2) then becomes the driving member; 
causing roller (R) to roll in ‘opposite direction, thereby releasing its clutch. 

The Double Sprocket (2). then over rides (D), and starting motor is idle. 


CHART NO. 170—The Gray and Davis Starting ana Generating system, turner typo oiutcn ex 
plafiled. This system is out of date, but used to explain the “mechanical governor” ant 
“roller” type clutch. This type of clutch is used to a considerable extent and is also ** 
plained in Delco Instruction. See page 347 for explanation of fig. 4, generator winding . 
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A-ARMATURE SHAFT 
CCOMMUTATOR 
B- BRUSHES 
BO-BUSS BARS 
CONNECT I NS BKUSHt 
HEAVY WIRE'.? 
MOTOR W/NO/Nf 
U6HT m ure:- 
SENERATOR W/NOHM 


^-MOW OR CURRENT ASH 
^>-njO*0f CORAfHTdkS 


Entz Motor-Generator. 

Operation of Ents self-starter: The operation re¬ 
quires only one movement on the part of the driver— 
the movement of the starting switch. I 

Switch: Controls both the starting and the igni- ! 
tion; the same operation makes contact with the pri¬ 
mary circuit of the battery, so that the regular cycles 
of the ignition system will be taken up when the 
engine begins rotating. 

The starter switch is kept in charging position, ex¬ 
cept when driving for more than one quarter mile be¬ 
low eight miles per hour in high gear; in this case, 
the switch is set in neutral, throwing the switch back 
to charging immediately the car increases its speed 
to over eight miles per hour. Under all other running ! 
conditions, regardless of the speed, the switch is kept 
in charging position. 

If the car is left standing for any length of time, 
the engine is stopped. If it is necessary to keep the 
engine running, the switch is set' in neutral, while the 
car is standing still. After idling the engine or run¬ 
ning slowly foi> a considerable length of time, the 
switch is put back in charging poeition, as soon si 
the speed of the car picks up. 

The combined motor and generator of the Ents else- , 
trie system, Is known as differentially wound motor- | 
generator. The series and shunt field coils are con¬ 
nected so they operate compounded as a motor, differ¬ 
entially as a generator. 

All automatic cutouts, regulators or controllers hare 
been eliminated from the system. There is but one 
armature and one set of field magnets, but two field 
windings. 


x - - -- —' The motor-generator is a 4 pole “multi polar** type 

of generator, with four brushes. The motor winding 
is the large wire. The other differential winding is small wire wrapped over the large wire and is the 
generator winding. 

When starting engine with starting motor, switch is placed “on.** It remains on until engine is 
stopped. When the switch is placed “on” position, the engine is revolved 80 revolutions per minute 
by the starting motor, (heavy winding of wire). 

Above 600 revolutions, the motor Is converted Into a generator—as above this speed" the small wire 
winding is generating enough current to overcome the 6 volts pressure of battery, hence it stores cur¬ 
rent into the battery. If, however, the engine is reduced to 80 revolutions or less, the generat r agaia 
is transformed into a motor, and the generator not overcoming the pressure of the batteries; battery 
again turns armature as a motor—therefore, the engine is “non-stallable.” 

-.— - In other words, in any circumstances where engine would ordinarily be 

stalled, immediately upon releasing the clutch pedal the motor will turn engine 
crank and become operative. 

/ / \ r ;; Both the fine and coarse wire winding is wound in the same direction os 

k the but current in the heavy wire winding travels in opposite direction. 

due to pressure from battery which tends to reverse the polarity of the fields 
or “buck the fields." This tendency to reverse the poles of the field is gov¬ 
erned by the amount of charge or amperage hours in the battery. That is. 
if the battery is in a discharged condition the fields will build up, causing a 
greater flow of current through the fine wire, but as the battery becomes 
charged the fields will become weakened, which condition will cause less cur* 
>! / rent to flow through the fine wire. 

’ The electric light globes are 21 volts, although the battery is but 18. As 

X\ ■ there is always a slight excess of current from all generators this prevents 

Yy lamps burning out rapidly. The polarity switch (used with the Atwater-Keat 

q \ \ jSjT q f ignition system) is explained in chart 117. 



Remy 4 ‘Double Decker” Motor-Generator. 

The Bemy model 160 exemplifies how a generator and starting motor can 
he operated one over the other. 

Employs two separate armatures and two separate fields, and may be 
termed a “double decker" since the motor armature is super-imposed over 
the generator armature. 

The two armatures are connected together with a system of gearing and 
an over-running clutch. (R), see chart 170 for principle). The motor arma¬ 
ture and the gearing are only in operation when the starting switch is pressed. 

The generator armature is the only moving part under running conditions, 
as the over-running clutch of the roller type is provided to disengage motor 
armature and reduction gears, which remain idle and inoperative when engine 
is started and running under its own power. Generator armatnro revolves t* 
lower field. Motor and generator are entirely separate—(armature is dram 
type). A regulator and automatic cut-out of usual type are provided. 


CHART NO. 171—The Ents System—formerly used on the Chalmers. Also similar to Entz systmi 
formerly used on the White. The Remy 44 Double Decker. 9 ’ 
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Fig. 1. 


'-fafcmmt Os^weiion 



Fig. 2. The regulator 
of the U. 8. L. 

The regulation of con¬ 
stant voltage is main¬ 
tained by pressure upon 
the graphite dises I, 
which are pressed to¬ 
gether by leyer K, by 
pressure of coil spring 
J. The less the pres¬ 
sure, the greater the re- 
si stance thrown into the 
field winding, for if the 
discs are not close and 
tight, resistance is of¬ 
fered to flow of current. 
Note the pressure upon 
these discs is also con¬ 
trolled by the electro¬ 
magnet, the stronger the 
current flowing from gen¬ 
erator; greater will be 
the magnetic mill on K 
and J, thereby taking 
pressure off of the 
graphite. 


U. 8. L. 1914 Flywheel Installation. 

The 17. 8. L. 1914 is a two-unit syste m . In installing this system 
the armature of the motor-generator takes the place of the flywheel 
and performs its functions as well as those of the electric lighting 
and eranking systems. 

The field has two windings, shunt and series. When machine op¬ 
erates as a motor, those windings are cumulatively compounded, that 
is, magnetic effect of series winding augments that of shunt so as to 
secure maximum torque. When machine operates as a generator, these 
windings are differentially compounded, that is, the magnetism of 
series winding is opposed to that of shunt, so as to assist in regulaton. 
The voltage of the motor is 24, while the charging voltage of the gen¬ 
erator is 12. 

The preferred disposition of the units is that shown in fig. 1. As 
will be seen, the added weight will be only that of the battery, fields, 
switches and controller as the flywheel is removed and replaced by 
the armature of equal weight. 

When a foot switch is pressed the battery is connected to the 
motor and this turns over the engine at the rate of from 200 to 800 
revolutions per minute. 

As soon as the engine picks up to a speed giving 8 miles, the motor- 
generator becomes a shunt-wound generator and starts to charge the 
battery, restoring the current used at a 3-ampere rate. 

In order that the output of the generator shall be uniform, a car¬ 
bon or graphite pile regulator, operated by a series coil, C, is used. 
This keeps the output through the working range of from 600 to 
1,200 revolutions per minute, practically constant. 

1915 T7. 8. L. Electric System. 

The improved system eliminates the carbon pile regulator and the 
“series parallel’ 9 switch. No regulator is used, as windings of gen¬ 
erator are so proportioned, that the output of generator, cannot ex¬ 
ceed the current demand of the storage battery dnd lamps. 

A portion of the multi-polar field of the motor-generator is wound 
with a series coil for starting purposes. The other portion of the 
fields, are wound with shunt and compensating coils, for generating 
and regulating purposes. The brushes are so connected, that the en¬ 
tire number is used for starting, whereas but three are used for gen¬ 
erating. 

The storage battery is provided in some cases with two, and in 
some cases three, terminal posts. When two terminals are provided, 
a 14 volt lamp must be used. When three posts are provided, seven 
volt lamps are used. 

The number of cells of battery are cut down from 12 to 6, giving 
12 volts instead of 24. 


GHABT NO. 172—The 17. 8. L. (U. 8. Light A Heat Corporation) Electric System. See also fig. : 
page 347 for construction of generator. 

Note—The U. S. L. Oo. t Niagara Falla. N. T. are now employing a different principle This is shown as a matti 
of information. 
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Gray and Davis Motor-Generator. 

The starting motor Is a separate unit, and is constructed for fly 
wheel drive, or crank shaft drive. Fig. 3 illustrates the fly wheel 
drive principle. 

The starting motor switch is also shown—the action of which is 
clear in the illustration. The battery is a 6 volt battery. 

The dynamo is a separate unit: compound-wound instrument 
driven by the engine. The driving power is transmitted by chains m 
gears, according to the installation. j 

The dynamo (figs. 4, 1 and 2) has two principal parts: The 1 
"field," in which magnetism is induced, is stationary. The "arma¬ 
ture," in which electrical current is generated, rotates. 

The dynamo has the characteristics of a compound-wound ma¬ 
chine; that is, the field strength, or magnetism automatically in¬ 
creases as additional work or load (lamp load) is applied, and vise 
versa. But it is of the shunt wound type, and is thus els sailed; 
because its field windings are connected in shunt with, or across 
the armature. 

Reference to Wiring Diagram*. 

Chart 174, shows ythe shunt field winding 
in parallel; one side connected to the pssi- 
tive dynamo brush; the other passes through 
the regulator points and is connected to the 
negative dynamo brush. 

Type "T, Q t D" dynamo is rated at 6% 
volts, 10 amperes, 1,000 r. p. m.; type "8" 
dynamo is rated at 6% volts, 10 amperes, 

650 r. p. m. 

The dynamo is connected to the If 

chain or gears, so that it will rotate at rated 
speed when car speed is 10 miles per hour, 
at which speed it should deliver current. 

The Regulator and Cutout. 

The regulator and cutout performs two 
duties: One to "regulate" the dynamo far 
uniform output. The other to connect the 
dynamo into the system only when sufficient 
to charge battery and to disconnect dynaws ' 
from the system to prevent battery dis¬ 
charging through dynamo. 

The shunt winding, series winding, cutout 
points, regulator points and field resistance, 
are shown in wiring diagrams. 

The shunt winding is permanently con¬ 
nected across the dynamo armature. It ah 
tracts the cutout armature, thereby closing 
the cutout points. 

The series winding, when the cutout points 
are closed assists the shunt winding in hold¬ 
ing cutout points firmly together. 

The cutout points, when closed, connect 
dynamo into the system. 

The regulator points, when closed, short 
circuit or shunt the field resistance, and whoa 
drawn apart, insert the field resistance into 
the field circuit. 

The field resistance retards the flow of ear- 
rent in the field. 

When dynamo is at rest, cutout points are 
open and regulator points closed. 

As dynamo first speeds up the regulator 
points remain closed. Thus, the field r e sist 
ance is short circuited, permitting the dy¬ 
namo to build up under full field strength. 
When the proper voltage is reached the 
points open, permitting current to flow 
through the series winding to the system. 

As the dynamo speed increases beyond 
that necessary for full output the pull of the 
shunt winding attracts the regulator arm* 
tures. This reduces the pressure at the rtg 
ulator points and inserts a resistance iate 
the field circuit, which prevents further in¬ 
crease of output. The varying of the pros 
sure at the points, which allows the resist¬ 
ance to be put into the circuit, is intend* 
tent. The frequency is in proportion to ths 
speed variation. 

When lamps are turned on the freqmeaey 
at the regulator points is reduced and ths 
dynamo output is increased, giving the dy¬ 
namo compound-wound characteristics. 8m 
A, chart 163, showing resistance in field dr- 
cuit which gives an idea of the regulator. 

Ignition; is similar to Deleo and other systems of this description. Note provision is made for dri • 
lug timer and distributor on generator shaft (fig. 4). 
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[ART NO. 178—One of Gray and Davis’ Starting Motor and Generator. Fly Wlieel Application of 
Starting Motor. 
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'Grounded Switch," system 


‘Grounded Motor" system 


Gable (A), instead of connecting directly to the Cable (A), instead of connecting directly to the 
starting switch, connects to frame of car. The starting motor, connects to the frame of car. The 
car frame carries the current to the grounded oar frame carries the current to the grounded ter- 


terminal of starting .switch. 


minal of starting motor. 



To trace motor 
circuit, "ground* 
ed switch" cir¬ 
cuit is traced 
from positive con¬ 
nection of battery 
through cable (A), 
starting switch, 
cable (T) start¬ 
ing motor and 
cable (G), to bat¬ 
tery (NEG) ter¬ 
minal. 

The "Grounded 
motor" circuit is 
traced; positiye 
terminal, cable 
(A) to starting 
motor, cable (T), 
starting switch 
and caole (0), to 
battery (NEG) 
terminal. 


CHART MO* 174 —Gray and Davis Wiring Plan of "Grounded Switch" and "Ground* 

Motor." There are two Wiring Systems in general use; "Grounded-Motor" an 
"Grounded-Switch." Size of wires; Starting Motor, No. 1 B A 8 gauge; Dynamo t 
Battery and Lighting Switch, No. 12; To Headlight, No- 10. —tea chart 178. 
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INSTRUCTION No. 28 . 


* A STUDY OF LEADING ELECTRIC STARTING AND GEN¬ 
ERATING SYSTEMS: Chalmers, Overland, Hupmobile, 
Marmon, Franklin, Locomobile, Saxon, Chevrolet, Maxwell, 
Mitchell, Studebaker, Dodge, Reo, Haynes; as Examples. 


Pointers for Studying this Instruction. 


The fundamental principle of the start¬ 
ing and generating systems have been 
treated in the preceding instructions. If 
the reader will master the principles as laid 
out in the foregoing matter it will not be 
a difficult matter to understand any and all 
systems, because each system embodies one 
or more of the principles explained. Al¬ 
though the methods of operation or con¬ 
struction may vary, the purpose remains 
the same. 

We will devote this instruction to dia¬ 
grams of the leading electric systems. With 
information gained from the preceding 
“Ignition,” “electric starting” and “gen¬ 
erator” instructions, the reader ought to 
easily understand the various systems from 
these diagrams. . 


The Delco electric system will be treated 
under a separate instruction, also care of 
electric systems, wiring of electric system* 
troubles and tests. 

Electrical symbols: before studying the 
different diagrams, learn the electrical sym¬ 
bols as illustrated on this page. For in¬ 
stance, the sign which denotes a “ground,” 
“storage battery” or where “wires con¬ 
nect” or “pass over each other.” They 
will be used quite freely in these instruc¬ 
tions, as well as many of the other signs. 

It is also advisable to refer to chart 
18 ID, for the address of the leading manu¬ 
facturers of electric systems and if the 
explanations are not clear, their catalogs 
will no doubt be of assistance. 

Wiring principles: al¬ 
though this subject is 
treated under “wiring 
of electric starting and 
generating systems” it is 
well to know that there 
are two wiring princi¬ 
ples; “single wire” and 
“two wire” systems. 

The “single wire” sys¬ 
tem is where one insu¬ 
lated wire is used and the 
frame of car is used for 
the return circuit. This 
system is used most, as 
it will be noted in dia¬ 
grams following. 

The “two wire” sys¬ 
tem is where there is no 
ground to the frame, but 
two insulated wires are 
used. 

Another point to re¬ 
member in studying the 
different electric systems: 
note the starting, gener¬ 
ating, and ignition sys¬ 
tems, are not alwayB of 
one manufacturers’ prod¬ 
uct. For instance, the 
Studebaker uses the 
Bemy ignition and gener¬ 
ator, and ' a Wagner 
starter. The King uses a 
Ward-Leonard starter and 
generator, and the At- 
water-Kent ignition. 


+ 

POSITIVE TERMINAL OF BATTERY OR GrNERATORj-=±=-| GROUND TO 
SOMETIMES ABBREVIATE*^' P" 1 “ IeNGINC OR FRAME 

— 

NEGATIVE TERMINAL OF BATTERY OR GENERATOR 

SOMETIMES ABBREVIATED 

c 

CARBON OF DRY BATTERY | Z |ZINC OF DRY battery 

-^5- 

BATTERY-STORAGE OR DRY CELL | = 

4|l|l!-± 

] CELLS IN SERIES 

@ 

MOTOR-GENERATOR 
3-TERMINAL 

© 

MOTOR - GENERATOR 

4-terminal 

6> 

AMMETER 

(g) | VOLTMETER 

p 

PRIMARY 


SECONDARY 

w 

generator| 


MOTOR 


WIRES JOINED TOGETHER, SAME CIRCUIT 

—<+<— 

WIRES CROSSING, SEPERATE CIRCUITS 


RHEOSTAT OR VARIABLE 
RESISTANCE 

|—|lNC AN DESCENT LAMP j 


method of showing an inductive coil 

-WAr 

METHOD of SHOWING A NON - INDUCTIVE COIL (ALSO USED TO 

SHOW INDUCTIVE COIL WHEN THERE IS NO DANCER OF CONFUSION) 

■W 7 

USED FOR RESISTANCE ONLY 

jtr\ 

AUTOMATIC CUT-OUT 


SHUNT WOUND MACHINE Ai SERIES WOUND MACHINE 

MOTOR OR GENERATOR V C MOTOR OR GENERATOR 

6 

ARMATURE AND BRUSHES OF MOTOR AND GENERATOR 

tL 

MOTOR BRUSH 

SWITCH •- 

. SWITCH 

n n CONTACT 

P f** POINTS 


PUSH BUTTON OR 

lighting SWITCH 


STARTING SWITCH 

® 

PUSH n=ssn 
BUTTON 

FUSE 

| QOSGKSSXO B *coiL^r 

1 C—11 COWL 

1 'w—« light 

•w 

w 


—• 

cable I- Harrow indicates direction of current flow | 

C.W. 

CLOCKWISE revolution 

l^oir 

I C.C.W 

71° 

OUNTER-CLOCKWISE REVOLUTION 

V 

VOLT, UNIT OF j 

POTENTIAL OR PRESSURE | 

A 

Tat 

1PERE, UNIT OF CURRENT " 
QUANTITY 

DC 

DIRECT CURRENT, FLOWS CONTINUOULY AND AlWAYS IN ONE DIRECTION 

A.C 

ALTERNATING CURRCNl 
THE 

r, FLOW S FIRST IN ONE DIRECTION 

N THE OTHER 

K.W 

KILOWATT, (ijOOO WATT5) 

(- 1 P | HORSE FOWER(744 WATTS) 

W 

| WATT* ONE VOLT X ONE AMPERE j 


*8ee charts 229 to 2S2 for **Specifications of Leading Oars," which will give the make of starter, 
generator, ignition, carburetor, etc., used on all leading cars. See chart. 228 for “Standard Adjust¬ 
ments,” giving the system of ignition, adjustments, etc. See instruction No. 84, 1 'Operating Oars,** 
for lever movements, for gear shift, and control systems of different leading cars. See chart 197 for 
“Lamp Voltages.” See index, “Removing Battery.” *See instruction No. 24 and chart 228 for 


+A storage battery is indicated by a long line as positive plate, and a short black line as negative 
plate. One pair of lines represent a cell, for instance, note symbol to designate a 3 cell battery—at 
lower left corner of fig. 1, page 391. 
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By referring to the “Specifications of Lending Oars,” charts 229 to 234, it will be noted that the 
Chalmers use a Remy ignition system and a Westing house starter and generator. 

The ignition system: The timer and distributor are located on the generator and driven by spiral 
geara off the generator drive shaft. The connections are shown in diagram. The firing order is 1, 4, 
2, 6, 3, 5. The timing contact points should be kept adjusted to .015 to .020 inches. Spark plug opening 
should be .025 inches. 

Setting of timer. Place piston in No. 1 cylinder l%e" after top dead center, between power and 
compression stroke. Then the timer should be slowly and carefully turned backward (contrary to the 
direction of normal rotation) until the interrupter points just separate. At this point connect up levers 
•o that with fully retarded spark lever on the steering gear quadrant, this interruption should have just 
taken place. The cam on timer is a hexagon six point cam. It is a taper fit on Bhaft and locked in posi¬ 
tion by a small nut screwed on the shaft over top of cam. Distributor should just be making connection 
with spark plug in cylinder number 1. 

All upper dead centers are marked on rim of fly wheel thus—D. 0. 1 A 6, D. 0. 4 A 3 or D. 0. 
2 A 6, as the case may be. 



FIN LBN 


The electric starting motor is the Westinghouse, with the automatic gear shift, of the Bendix prin¬ 
ciple, as explained in charts 160 and 161A. 

The generator is also of the Westinghouse make and is located separate from the starting motor. 
This system would be termed a “two-unit” system. 


CHART NO. 175—Chalmers Model 85-0 Remy Ignition and Westinghouse Starter and Generator. 

Bee page 818 for “Ohalmers 85” Ignition Timing and Valve Timing. The older model “six-80” Chalmers used 
the same electric system but parts were placed in a different position. 
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Overland Electric System. 

Starting circuit is from positive battery 
terminal through starting motor switch ts 
insulated starting motor terminal, through 
two field coils to brushes, through armatsr* 
to brushes, through field coils to grounded 
starting motor terminal, through cable ts 
negative battery terminal. 

When ' * Ignition’ ’ button (2, fig. 12, pegs 
369) is pushed in, circuit is from the growl 
on the starting motor through battery to posi¬ 
tive terminal, through switch to thermostatic 
spring on automatic switch to post marked 
"C" on coil, through primary or low teasiea 
winding from post marked "T" on coil Is 
stationary contact point on Timer, through 
contact points and Timer arm to ground. 

Induced secondary current circuit is froa 
the ground on the ignition coil, through As 
high tension winding to the center termini 
on distributor cover, through distributor arm 
to spark plug wire terminal through spark 
plug points to ground. 

If engine is left standing with timer potass 
in contact the steady flow of current through 
the thermostatic spring of the automatic igai- 
tion switch makes contact with vibrator 
point, and the action of the vibrator throws 
the Ignition button out. (see page 254.) 

Battery * 'charging" circuit; ammeter win 
show "charge" from 1 to 15 amperes, vary¬ 
ing with speed. Battery grounded on start¬ 
ing motor. Generator shunt field wrindiif 
circuit is from generator brush, through 
shunt field windings to generator brash. 

When circuit breaker points are opsa; 
circuit is from generator ground through 
armature, through series field coils to cir¬ 
cuit breaker through circuit breaker shunt 
to ground. Shunt in circuit breaker clows 
points: circuit is now from generator ground 
through armature, through series field wind¬ 
ing to circuit breaker, through circuit breaker 
points, through circuit breaker series wind¬ 
ing, through ammeter to positive battery ter¬ 
minal, through battery to ground on starting 
motor. 

When charging, current through battery i* 
from positive terminal to negative terminiL 
When discharging, current is from negative 
to positive terminal. When voltage produced 
by generator is less than battery voltage, the 
circuit breaker points open. 

"Head lamps dim" and "horn" circuit 
Ammeter will show discharge of three or four I 
amperes. Negative battery terminal is 
grounded on starting motor. 

Head lamps dim circuit is dosed wfcaa i 
lower button on combination switch is palled 
out. Lower button, when pulled oat, makes 
contact between first pair of contact springs | 
and second button from bottom of combius- 
tion switch; when pushed in makes contact 
between third pair of contact springs. 

Circuit is from ground on starting motor through battery to positive terminal through ammeter te 
first pair of contact springs, then, (first) through fuse, through dash lamp, through tail lamp to ground; 
(second through fuse, throug*h left head lamp, through third pair of contact springs in combinstieu 
switch, through fuse, through right head lamp to ground. Head lamps are in series on six-volt circuit 


When top button on combination switch is pushed in, "Horn circuit" is dosed, and circuit is froa 
battery ground through battery, through ammeter, through horn switch, through fuse, through horn to ground. 


"Head lamps bright" circuit; two lower buttons on combination switch pulled out. Lower buttos 
pulled out makes contact between first pair of contact springs, and second button from bottom of switek 
makes parallel contact between second left-hand and third left-hand contact springs, also from second 
right-hand to third right-hand contact springs. 

Circuit is from battery ground on starting motor through battery, through ammeter, through first 
pair of contact springs; (first) through fuse, through dash lamp, through tail lamp to ground; (sac 
ond) through fuse, through left-hand lamp, through third left-hand contact spring to second left-ktfd 
contact spring to ground; (third) to second right-hand contact spring to third right-hand contact sprisy 
through fuse, through right head lamp to ground. 


Overland Models. 

Model 90—Light 4 cylinder car, prices $985 to $1495. 

Model 85—Four cylinder car, prices $930 and $915; discontinued. 
Model 89 Touring—Six cylinder car, price $1625. 

Willys Six—Six cylinder car, prices $1365 to $2045; discontinued. 
Wtllys-Knight—Four cylinder car, prices $1725 to $2750. 
Wlllys-Knight—Eight cylinder car, prices $2750 to $3500. 


7HABT NO. 175A—Overland Electric Systems—All Overland cars use Electric Auto-Lite Heftri* 
Generator and Starter. Connecticut Ignition (page 254). See index for Overland 
System and page 183 for Overland Carburetor—and pages 497 and 49 for Gear 8hift ContriL 
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Overland electric system continued— 

The Overland parting motor is an Auto-Lite make, 
with a Bendix drive. 6 volt. Located at rear of 
engine—right hand side, and acts directly on fly 
wheel gear. 

To start engine—place spark and throttle levers 
»■ shown in fig. 10. Put ignition switch “on”— 
as shown on switch box on steering post fig. 12. 
Press down starter switch (by a toe button) lo¬ 
cated in front of driver’s seat. This makes nec¬ 
essary connection with storage battery, and throws 
the gear on starter shaft, in mesh with gear on 
Ey wheel. See Bendix description in charts 161A 
and 160. 

The generator is driven by a silent chain from 
the engine crankshaft. 

Bogulatlon; the output of the generator is con¬ 
trolled by the windings of the machine itself, doing 
away with mechanical governors and clutches. This 
electrical control, is absolutely automatic, consisting 
of a reversed series winding which cuts down cur¬ 
rent production at the proper point by the simple 
method of weakening the strength of the field. 

The generator begins to produce current at a car 
■peed of about 7% miles per hour, and the produc¬ 
tion climbs until, at about 20 miles per hour, the 
generator is producing its maximum output of 14 am¬ 
peres. At this point the reversed series coil holds 
the output, no matter how fast you may drive. Ten 
amperes, or an abundance of current for both light¬ 
ing and charging, is produced at about 15 miles 
per hour. 

The circuit breaker; its function is to disconnect 
the current-producing generator from the storage 
battery, when the engine is standing still or runs 
below the speed at which the generator will pro¬ 
duce current of charging voltage (see fig. 18). 

If the circuit breaker is removed the car must 
not be operated until a short piece of bare copper 
wire is securely connected from the wire terminal 
post of the generator to one of the brass screws 
on the nameplate and the ends of the wires lead¬ 
ing to the cutout or circuit breaker must be taped 
to protect them from touching each other or any 
metal part of the car. 

The ammeter; its purpose is to show whether the 
system is working properly or not. When the gen¬ 
erator is running and sending current to the stor¬ 
age battery, tlie ammeter hand will point to the 
left of zero, or at “charge.” When the lights 
are burning and the car is at rest, the indicator 
hand will point to the right of zero, or at “dis¬ 
charge,” indicating the rate at which current is 
going out of the storage battery. When the en¬ 
gine is running and the lamps burning and the am¬ 
meter hand stands at zero, it indicates that the gen¬ 
erator is producing exactly the same amount of cur¬ 
rent that the lamps are consuming. 

Switch box on steering column (see fig. 12): 
There are four push button switches on all Over¬ 
land cars, as follows: 1st, horn; 2nd, ignition; 
3rd, head lights; 4th, dim lights. 

The rear and instrument lights are connected 
with 8 and 4. The Overland formerly used 5 
switches, that was for a solenoid connection for 
starting, but late models use but 4 switches. 

The lighting and starting wiring systems are in¬ 
dependent of each other, and are easily recognised, 
by the fact that the starter wiring is of heavy round 
single conductor cable, while the lighting wiring is 
of much smaller single strand armored cable. All 
wiring is specially insulated to withstand mechani¬ 
cal chafing and vibration and the unavoidable ex¬ 
posure to oil, dirt and water. 

The lamps receive their current either direct from 
the generator, or from the storage battery, depend¬ 
ing upon the speed of the car. As the system is 
what is known as a “grounded” system, only one 
wire leads to each lamp, the return path of the cur¬ 
rent being through the frame of the car (see page 
484 for size and style lamps used). 

To tighten generator brushes—see page 409 “gen¬ 
erator does not generate full current.” The Chevro¬ 
let also uses the Auto-Lite generator—see page 864. 

To raise rate on Auto-Lite generator of model 85 
Overland, remove the small brass cover plate from 


the side of the generator, when it will be noticed 
that the brush holders are fastened to a ring in 
the end of the generator. Loosen the screws which 
hold the ring in place from the outside and turn 
the ring in the direction which the armature rotates 
when the engine is running. By this means the out¬ 
put can be raised to about 14 amp. See also page 
364 and 409. 



Fig. 12. The Overland switch box on 
steering post. Levers move up, to advance 
spark and open throttle. 



Fig. 18. Auto-Lite cutout as used on the 
Overland and other Auto-Lite systems. 


Should the battery or the generator be discon¬ 
nected for any reason, do not operate engine until 
they are again connected. Or, in case such op¬ 
eration is found necessary, be sure to connect a 
short piece of bare copper wire, from the terminal 
post of generator, to brass screw in name plate. 

Ignition: The Oonnecticut make is used. See 
page 254, for method of assembling and taking 
apart, etc. The breaker points should be set .026 
inch apart. The spark plug gaps should be .020*. 

•Timing Overland ignition (85B): The break in 
the timer should occur (with the spark lever fully 
retarded), at the instant the flywheel is 1% inch 
past the upper dead centei*mark of the cylindei in 
which the spark occurs. ’ 

To properly time the device, proceed as follows: 
turn the engine over slowly by hand until the mark 
on the flywheel 1 and 4 UP is 1% inch past the 
punched indicator marks on the rear end of the 
cylinder block, just after the completion of the com¬ 
pression stroke of the engine. 

**To determine that the piston is in this position, 
watch the operation of the intake valve of the No. 1 
cylinder, which may be most easily done by remov¬ 
ing the spark plug in the cylinder head over the 
No. 1 cylinder. By putting a screw driver through 
the opening, and allowing it to rest on the valve 
head, at the time the engine is being turned over, 
the action of the valve can be readily determined. 

After it has reached the bottom of its travel, 
turn the engine over approximately one-half turn 
until the 1 and 4 UP mark on the flywheel is in 
the position given above. 

Then so mesh the timing gears with the timer 
drive gear, that the points in the breaker box just 
start to separate, and the rotating unit of the dis¬ 
tributor is in line with the wire terminal which 
leads to the No. 1 cylinder. 

The firing order is 1, 3, 4, 2. The wires are 
then connected from distributor ,to spark plugs, in 
their proper order. 

Silent chain adjustment of the Overland, meshing 
gears, etc. is explained on page 118 and 112. 


0HABT NO. 175AA—Overland Electric System— continued. 

"Timing “Country Club” model; spark lever is retarded. Brepk of points on timer should occur when di 
center mark on fly wheel is 1% in. past mark upon rear end of engine block. 

►•See also page 820 “finding end of compression stroke ” See pages 497 and 49 Overland gear shift. 
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Hupmobile Series “N”—1916-17 Electric SyBtem. 

The Hapmobile formerly used s Bijur starter and generator. The system now used is a Westing 
house starter and generator and the Atwater-Kent Ignition. 

Weetlnghonse generator—driven by chain front end right side. Charges battery at 8 miles per 
hoar, at which point the cut-out connects with battery. At 20 miles per hour, generator reaches its 
maximum. Charging rate 14 to 18 amperes if battery is low, and 6 to 9 amperes if battery is w«0 
charged. I 

The regulator performs two functions. It acts ss s, 
cutout, which connects and disconnects generator frea ; 

- 1 the battery at a certain predetermined speed. It alie| 

4 im acts as an automatic voltage regulator which, after! 

'Mm the cutout has made connection between the g ener a t o ri 

and battery, automatically keeps the generator vefr 
4k t 3 4 ~ age below a certain fixed value, and thereby contreb 

[IQZ._ i-> L _ ( J_ the output of the generator. 

W, Wiring: There are two wires leading from tfet 

‘SB b| | c generator to the regulator. The larger of these two 

HDP^Xa (Mj * wires connects the generator terminal nearest to the 

4 v " - - r J [T engine with the regulator terminal, which is at the! 

~ 5 4 jLl-JB extreme right as viewed from the driver's seat. The' 

f I -4 ' ■ * other wire connects the generator terminal nearest the 

* JJJ? I a aQa a --JS_nil car frame with the middle terminal on the regulator. I 

1 f * f T «.o (See illustration above.) 

_t_ Hr.* To adjust generator chain tension proceed as follow: s 

W oem^L Blightly loosen the three nuts holding the generator ts i 

A -a-f p r&F the crank cm®. remove the shield over the front efj 

L —I—I [gTh the generator, then with the lower bolt as pivot, tho j 

[Ur— - a -“s*— generator can be swung to either side until the proper 

tension is obtained. 

wm« OM«r M - mm* ** *, c*» Ah* iMN The chain can only operate in one direction. Arrow 



▲—Storage Battery 
B—Starting Switch 
O—Starting Motor 
D—Generator 


—<*» The chain can only operate in one direction. Arrow; 

j a Dar w stamped on each link show the direction in which the ; 

jr AtvitAr-Kant Traftinn chain should run. The proper chain tension or adjust- j 

Ho^T m#nt ia wh6n a rery .,r fh r^ otion can be felt i» tke 

M—Head Lamps eh » ta - 1 


P—Ammeter 
G—Ignition Switch 
H—Lighting Switch 


O—Instrument Lamp 
P—Horn Push Button 
Q—Spark Pings 


B_Voltage Begulator N—Tail Lamp Starting motor is located on right side of engine sad | 

p_Ammeter O_Instrument Lamp drives through a gear on the flywheel operated by s ft* 

O_ignition Switch P_Horn Push Button pedal. Starter pedal is located to right of foot acoslm- 

H—Lighting Switch Q—Spark Plugs tor P«dal. 

Ignition—Atwater-Kent (see page 248). Firing order: 

1, 2, 4, 8. 

Sotting the ignition: Set the hand spark lever in a horizontal or mid position on the sector, and: 
loosen the two nuts on the control rod at either side of the small swivel block at the igniter. 

The piston in No. 1 cylinder should be raised to top dead center, which should be at a time who 
tho mark *‘l and 4 OL" on the flywheel registers with the dead center, which can be ascertained by re¬ 
moving the flywheel cover. Turn on past dead center about two inches. Then the distributor unit 
should be turned so that the lug, to which the swivel connects, points directly away from the carbureter 
and then carefully turn back about 1/6 of a turn contrary to the direction of normal rotation of the 
distributor shaft, until a click is heard; then clamp the adjustment in place. 

If the distributor unit has been properly installed, the metal edge of the distributor block, shouM 
be pointing toward the radiator. 



King Eight-Cylinder Model “EE & F” Electric System. 

Wiring, single wire, grounded return; Lamps, single contact. All are 6-8 volt. Head lights are 18 c.p. 
and 4 c. p. Instrument and tail light 2 c. p. Fuse, 10 amp.: Generator, Bijur constant current type, page 
925; Starting motor, Bijur with Bendix drive, page 331; Ignition, Atwater-Kent, type “CC” closed eir- 




IttMIV 


cuit per page 249. Ignition timing, place No. 1 piston on top, place spark lever within % inch of frf 
retard and time per page 250, except timer should have a % in. or 1 in. movement, automatic adrsste 
not used. Firing order, 1, 8, 3, 6, 4, 5, 2, 7. 


HABT NO. 175B—Hupmobile Electric System. King Model “EE and F” Electric System. 
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system is used. 


Ignition timing; the magneto fehould be so 
timed, that with a fully retarded spark, the 
interrupter platinum points will just begin 
to separate, when the line marked “top cen¬ 
ter 11 on the flywheel has still one inch to 
go before passing under the flywheel poin¬ 
ter. On the magneto coupling, there is an 
adjustment by which the magneto timing 
may be advanced or retarded, in its fixed re¬ 
lation to the engine piston, as desired. For 
firing order, see “Standard Adjustments of 
Leading Cars,” chart 228. 

Starting motor —Is series wound with a dis¬ 
placement type armature, called the “auto¬ 
matic electro magnetic gear shift” type. 
It is located on the right hand side of engine. 
See chart No. 161. 

The Bosch dynamo, type “DSR-3,” is a 
shunt wound machine, having an iron ballast 
coil working in parallel with a bucking field 
coil, (see illustration B, chart 163,) these 
serving to keep the dynamo output within 
the proper limits. 

At low dynamo speeds the current on the 
line passes through the ballast, which, when 
cold, has a high conductivity. 

At higher dynamo speeds, however, when 
the current output is liable to rise excessive¬ 
ly, the ballast heats up, and its higher re¬ 
sistance forces a high proportion of line cur¬ 
rent through the bucking coil mounted on the 
field, thus reducing the dynamo output auto¬ 
matically, see fig. 2, chart 166. 

The control box, is mounted above the gen¬ 
erator, convenient for inspection. Incorpor¬ 
ated in the control box are the automatic cut¬ 
out, the field fuse and the iron ballast coil. 
The automatic cut-out is provided for the 
purpose of automatically connecting the dy¬ 
namo to the battery, when the dynamo vol¬ 
tage is at a value sufficient to cause the bat¬ 
tery to charge, and automatically disconnect¬ 
ing the dynamo from the battery, when the 
dynamo voltage drops below that necessary 
for charging. 


Voltage—The Bosch system here described, 
is of the 12 volt type, using Willard 6 cell 
storage battery. 

Dynamo lubrication—Each oil cup should 
receive two or three drops of oil every 500 
miles. Light machine oil and not cylinder 
oil should be used. 

Trouble Finding. 

Trouble finding; If the ammeter registers on the 
discharge side when all the lights are off, particu¬ 
larly when the engine is running; or if a heavy 
reading is noted on the discharge side When the 
lights are on and the engine is standing, either a 
ground or a short circuit is indicated. If with 
lights off and engine operating at normal speed, the 
ammeter shows sero and at the same time the proper 
battery discharge reading is obtained when the en¬ 
gine is stopped and the lights are on, the generator 
is not worl king. 

If the lights are obtainable with the engine at a 
standstill proceed as follows: Inspect the main 
fuse in the control box; see whether battery is 
badly run down; loose or broken battery connec¬ 
tions; loose, broken or disconnected wire between 
battvy and the OB (marked on switch) terminal of 
the switch that is, either between the negative termi¬ 
nal of the battery and the B terminal of the control 
box and the OB terminal of the switch, or between 
the positive terminal of the battery and ground. 

If the fuse is blown the trouble should be located 
by testing the various lamp circuits before a new 
fuse is put in. 

If lights are obtainable only when the engine is 
running, it is likely that the battery has become 
disconnected. If this is so, the ammeter wiU show 
zero with all lights off instead of reading charge 
when the engine is running. Also when the lights 
are switched on with the engine running, the in¬ 
tensity of the lights will vary with the speed of 
the engine. The engine must not be operated un¬ 
der these conditions, as there is danger of burning 
out the windings of the generator. 

If all lights are dim with the engine off, the 
trouble may be due to a weak battery; poor con¬ 
nection at the battery, or at some point in the cir¬ 
cuit, between the battery and the terminal OB of 
the lighting switch; a deteriorated main fuse; a 
partial short circuit as mentioned above. 

Battery polarity reversed: If, when making the 
installation or at any other time, the battery should 
be incorrectly connected to the system, the cut-out 
will vibrate rapidly; this must be remedied by in¬ 
terchanging the wireb which connect to the bat¬ 
tery terminals at the battery. 


CHABT NO. 176—Marmon “84:” Bosch Starting Motor, Generator and Ignition System. 

















808 DYKE’S INSTRUCTION NUMBER TWENTY-EIGHT. 



Tilt Dyntto starting and lighting system on the Franklin, is a combined generator and starting motor. 
In one unit. The complete electrical system therefore, is of the two unit type. (Starter and generator 
form one unit and Atwater-Kent ignition the other.) The starter is driven by a silent chain. 

This system requires neither a voltage regulator or a cut oui, automatically changing from a mo*& 
to a dynamo as the engine speeds up. At high speeds, the connection between generator and battery i« 
opened by the driver through a switch on the dash. The current is held to a maximum of 11 to IS s» 
peres at a speed of 16 K miles per hour by a third brush regulator. The generator starts to charge ths 
battery at a car speed of 7% to 8V4 miles an hour. Generator is charging battery when indicator shen 
* ‘Charging.’ ’ 

Care: The commutator brushes, two in number, should be examined every 8000 miles, and replaced if 

necessary. The brushes can be reached by sliding cap from top of rear end of starter. 

Ignition: The Atwater-Kent system of ignition used, is tfa 
K-2 type, with automatio spark advance (sea chart 117). 
This system uses very little current and in case of a dead 
battery, it can be operated on dry cells. The breaker poisis 
should be set .010 inch apart. 

Wiring: The lighting system is wired independent of tbs 
starting system. The head and dimmer lamps are 14-volt sad 
are wired in parallel so that the burning out of one lamp will 

not affect any other. The tail and dash lamps are 7-volt sad 

are wired in series so that if either one burns out, the other 

will not burn. The dash light is therefore a tell-tale for the 
tail light. The horn is a 14-volt one. 


Locomobile Electric S ys te m. | 

Westinghouse generator and starting system. Three unit type. , 
Generator is placed on right side. Regulation: by a dif¬ 
ferential winding of the field, and is magnetic—no moving psra. 
Starter: on left side of engine and works upon the flywheel risg 
gear from below. Ignition: separate Eisemann magneto—high ten¬ 
sion dual system—similar to the Bosch, as explained in ehtru 
134 to 136. Firing order: 1, 6, 8, 6, 2, 4. Magneto netting: with 
spark full advanced, spark occurs while piston is 7/16 inch fna 
top ( on the “48") and 6/16 inch from top on the model "88.” • 
Battery and coil setting: with apark lever retarded, spark viQ 
occur, after piston has just started down—this is to make hsad- 
cranking safe. 

Battery: 6-volt—used for starting, lighting, and ignitha. 
Wiring: Single-wire, grounded return.—Positive terminal of bat¬ 
tery (BG.) is grounded. Negative side (BW.) goes to primary 
relay or cut-out-—switch (P). Lighting: current is taken through 
wire (21) from switch (P) to the terminal (B) of the generator 
(G.) passing through field winding of generator, and out at ter 
minal (L) to lead (22) thence to terminal (1) of lock-svitsk 

Starting Motor: Wire (28) runs to magnetio coil in switch 
(P) from here lead (24) goes to terminal (9) on lock switch— 
out terminal (8) to terminal (20) on "gang dash-switch," thm 
to ground via terminal (19.) When starting button is pressed.— 
current flows along wires (28 and 24), lock switch (P) elosbf 
.switch and thus permitting current to flow through (B) to the 
starting motor magnetic switch. The magnetio pinion shift, k 
an electro-magnetic affair, which automatically throws the arms- 
tore shaft with its pinion, in mesh with fly-wheel gear. 


OHABT NO. 177—Franklin: The Dyneto Starting Motor and Generator and Atwater-Esnt If* 
tion. The Locomobile Model “88” ft “48:“ Eisemann Magneto Ignition and Wert* 
house Starter and Dynamo, (see pages 500 and 497 — Loco gear Bhift and spark control 



BG—Battery ground wire ( + )• 
BW—Battery load wire. (—)- 
G—Generator. 

M—Starting Motor. 

P—Primary relay or cut-out switch. 
4—Gang twitch. 

16—Tail-light bus. 

19 —Ground connection. 

87—Ignition switch. 

41—Volt meter. 

57—Dimmer switeh. 
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Tbe Splltdorf-Apelco starting and lighting, sjstam 
as a single unit, consists of a motor-generator, 
indicating automatic switch and starting switch, 
together with a 12-volt storage battery. 

Generator: By connecting the motor dynamo across 
the terminals of the battery, through the starting 
switch, the motor-dynamo acts as a motor, spinning 
the engine until it picks up on its own power. The 
motor-dynamo is then driven by the engine as a 
generator, furnishing eurrent for charging the bat¬ 
tery. 

Acting as a motor, the unit has sufficient power 
to spin the engine at a good rate of speed. As a 
generator, it has capacity to keep the battery fully 
charged insuring ample current for starting, lights, 
ignition, horn, etc. 

Tbe armature of the machine has but one set 
of windings, one commutator and one set of brushes. 
No gears or clutches are employed in the construc¬ 
tion of the motor-dynamo, the armature being the 
only revolving part. Sprockets and silent chain are 
need for driving the starting and lighting unit, no 
additional reduction being necessary than that se¬ 
cured through the sprockets. 

Tbe current output of tbe dynamo is controlled by 
means of the special field windings. This inherent 
regulation feature makes it impossible to charge 
the battery at too high a rate, and at the same time 
makes the use of any regulators unnecessary. 

Tbe indicating automatic switch, is mounted in 
the circuit between dynamo and battery. Its func¬ 
tion is to make connection between these two units 
when the voltage of the dynamo exceeds that of the 
battery—as well as break connection when the bat¬ 
tery voltage exceeds that of the dynamo. In other 
words, the switch automatically closes when the dy¬ 
namo is being driven at sufficient speed to charge the 
battery allowing current to flow from the dynamo into 
the storage battery. When the dynamo is not run¬ 
ning at sufficient speed to charge the battery, how¬ 
ever, or is stopped, the switch automatically opens, 
preventing a discharge of current from the battery 
back through the dynamo. 

The Indicating Automatic Switch is equipped with 
an Indicating Dial which is mounted on the dash 
and shows at a glance whether or not the battery is 
being charged. When current is flowing into the 
battery the words "Charge On" show on the dial 
and when the battery is not being charged the words 
"Charge Off" appear. 


Tbe Starting Switch is one built esuecially for use 
with this system. Its design is such as to make 
arcing of the contact impossible. 

A 12-6 volt Storage Battery is used in eonnection 
with the Splitdorf-Apelco starting and lighting 
system for motor cars. The battery is divided 
into two individual 6-volt units which are enclosed* 
in one case. 

At tbe time of starting, when tbe starting switch 
is pressed down, tbe two 6-volt units of tbe battery 
are then connected in series through the switch, 
furnishing 12-volt current to the motor-dynamo. 

This, however, does not affect the voltage to the 
lamps, as 6-volt current is supplied for lighting and 
ignition at all times. As soon as the starting switch 
is released, however, the two battery units are 
connected in parallel and charged as a 6-volt-battery. 

The use of 12 volts for starting, insures sufficient 
power to spin the engine under normal conditions, 
as well as cuts down the current drawn from the 
battery. At the same time, 6 volts for charging 
makes it posible for the generator to begin charg¬ 
ing at very low car speeds, as well as makes the 
use of 7-volt bulbs possible for the various lamps 
on the car. 


General circuit: The current flows from + 
B on generator to + D on indicating switch, through 
the winding in the coil, coming out at + B then 
to + A on starting switch, where it divides, one 
side leading to + A on battery through battery to 
—A on starting switch. The other half of the cur¬ 
rent flows through jumper in the switch to + 
B on starting switch, through to + B in battery 
through battery to —D on generator thence to 
—B—D on starting switch —B-D are the common 
return points of the current on starting switch, 
from there to —D on generator. 

Starting switch: When the switch is depressed 
the current flows from the battery at + A to 
+ A on starting switch, through switch to 
■f M on switch, then to + M on motor dynamo, 
through motor-dynamo to —B—D on starting switch, 
then to —B on battery, through battery to -f- B 
on battery then to + B in starting switch, through 
switch to —A on switch to —A on battery, through 
battery, to + A completing the circuit. 

If battery is removed: connect a wire across posts 
—D and + D of motor-generator.’ 


HABT NO. 178—Splitdorf-Apelco Electric System as an Example of a 12 volt Motor-Generator— 
as formerly used on Briscoe. Tbe Ignition Is Connecticut. 
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Chevrolet 4 ‘490” Electric Syst em . 


Fig. 2-™-'Wiring d Ingram of Chevrolet “490. 1 


twine position of 
generator and ignition system. 
Also see pages 254 and 636. 


Fig. 4. 


The generator is a “reversed 
juries wound" dynamo. Begins 
charging at 7 miles per hour, and 
roaches maximum current produc¬ 
tion at 26 miles, at which speed 
the amperage is about 14. At 
higher speeds the reversal series 
coll holds the output at this am¬ 
perage. 

Cutout or circuit-breaker—if re¬ 
moved. connect a short piece of 
copper-wire between terminal posts 
on generator, see chart 175AA 
for type cut-out used. 

Ignition is the Connecticut 
as explained on page X54. 

To time the ignition: Re¬ 
late the fly wheel until the Me. 
1 intake valve begins to open. 
Piston No. 1 is then at “top 
center." 

After removing the spark 
plug and inserting a screw 
driver or rod as illustrated os 
page 686 continue to rotate the 
fly wheel until the piston again 
reaches top of its compression 
stroke. 

Turn switch on and as in starting, slip the 
igniter on the shaft and connect the wires to 
their proper plugs, then remove the No. 1 wire 
from the terminal socket on the distributor csss 
and hold it about one-quarter inch away from 
the brass ring of the socket, as in fig. 4. 

Rotate the entire igniter assembly on the shaft 
in a clockwise direction, until a spark jumps 
from the end of the spark plug wire to the 
brass ring of the terminsd. The igniter set 
screws should then be tightened, and the Nsi 1 
wire inserted in its socket. Setting is mads 
with spark lever retarded. Firing order, 1. 2.4. 8. 

On “490" Chevrolet xo adjustment of hraohss 
on generator is provided. If generator falls to 
give its full output—see page 406. Later “Auto- 
Lite" generators have third brush regulation. 


I 


JHABT NO. 179—Saxon “6:” Wagner Starter and Dynamo and Bemy Ignition. ChevroM 
“490:*’ Auto-Lite Starter with Bendix Drive and Auto-Lite Generator and Gonnectkd 
Ignition. 
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Maxwell Electric System. 


Charging Circuit 

On releasing the starting pedal the starting switch 
plunger comes all the way back and makes connec¬ 
tion between 18 and 14, and 10 and 6 an the start¬ 
ing switch. In the meantime the terminal voltage 
of the generator has built up and the shunt wind¬ 
ing of the cut-out and regulator has become ener¬ 
gised thru circuit No. 2 from the generator posi¬ 
tive to the fuse block (Dyn. +) and thru the shunt 
winding to terminal 9 (Dyn — Bat. —). Prom 
here the current passes to terminal 9 on regulator 
shunt contact, which is a grounded connection. 

In the starting position this ground contact (No. 
9) is broken so that the regulator will not become 
energised at the point of starting. As soon as the 
voltage reaches a pro-determined point, the energy 
of the shunt winding will cause the cut-out points 
to close and panel indicator to show “CHARGE.” 

The charging circuit will then be as follows: 
Starting at the + terminal on the motor generator, 
follow circuit No. 2 to Dynamo + on the fuse block, 
from there thru the cut-out arm, across the cut-out 
points, thru the series finding of the relay to ter¬ 
minal 6 (Bat. +) on the fuse block. 

From this point follow circuit 6 to terminal 6 
on starting switch, thru the switch contact and No. 
10 to 10 on storage battery, thru storage battery to 
18 to No. 18 on starting switch, thru contact to 14, 
which is grounded, at the same time follow circuit 
No. 6 thru permanent connection to 12 on starting 
■witch, thence to 12 on storage battery, thru bat¬ 
tery and No. 16 to 15 on frame, which is grounded. 

Grounded connections 14 and 16 complete the 
circuit to the motor generator frame. 

Begulatlon is accomplished by the vibrator points 
of the regulator alternately cutting in and short 
circuiting the Held resistance on the dash panel. 

With regulator points closed, the field circuit of 
the generator is from terminal 2 (Dyn. +) on the 
fuse block, thru the regulator arm; across the points 
to terminal 8 (Field) on the fuse block. 

Prom here follow circuit No. 8 to 8 on the motor 
generator; thru the shunt windings to ground on 
pole piece 8. 


With regulator points open the field circuit is 
from terminal No. 2 (Dyn. + ) on fuse block thru 
the field resistance to terminal 8 (Field) on the 
fuse block, and follows circuit 8 as before. 

Starting Circuit. 

Under starting conditions the starting switch 
plunger is moved forward, and completes the cir¬ 
cuit between 12 and 18 and between 11 and 10, the 
same movement meshing the starter pinion with the 
flywheel teeth. 

The path of the current will then be as follows: 
Starting at the storage battery, from terminal 12 
to terminal 12 on the starting switch; from 12 to 
18 thru starting switch contacts; from 18 on start¬ 
ing switch to 18 on storage battery; thru storage 
battery to 10: from 10 on storage battery to 10 on 
starting switch; from 10 to 11 thru starting switch 
contacts; from 11 on starting switch to 11 on 
motor generawr; that is, terminal marked + ; from 
+ terminal on motor generator to brushes 2, 4 and 
6; thru armature windings to brushes 1, 8 and 6; 
thru the series windings on the respective pole 
pieces to ground. 

The windings on the six shunt coils pick up cur¬ 
rant as follows: Starting at the + terminal on the 
motor generator: thru circuit No. 2 to Dyn. -f 
terminal on the fuso blocks from there thru the reg¬ 
ulator arm, and across the regulator points, which 
at this time make a full contact, and back to field 
terminal 8 on the fuse block. 

From there following circuit 8 back to terminal 
8 on the motor generator frame. 

From this point thru the six shunt coils to 
ground on pole piece 8. The return circuit is from 
ground 15 on the frame to terminal 15 on the stor¬ 
age battery. 

The cross connection between terminals 12 and 
6, is a permanent one, and is not affected by move¬ 
ments of switch. This connection is made through 
the medium of a bus bar inside of switch box. Our- 
rent for ignition, lights, and horn in supplied 
through this connection under starting conditions. 


IHABT NO. 180—Maxwell Model “25” Diagram Explaining the Charging and Starting Circuits. 
See page 867 for specifications of this system. 
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Ignition Olxcuit. 


The lighting switch spider in starting, chary* 
ing t or ignition diagrams is shown in 'OrP” po¬ 
sition with spider arm “N" in contact with point 
“A" on back of lighting switch and with arms 
••B," “0," “D" and “E" free. 

Lighting switch spider in complete dash panel 
of diagram above is in “DIM" position. In this 
position, spider arm “B" is in contact with point 
? *A," arm “E" is in contact with point “F," and 
arms “0," “D" and “N" are free. 

When generator is not charging storage battery, 
current is supplied to lighting and horn circuits by 
storage battery and is delivered to switch panel 
from terminal 6 on starting switch to terminal 6 
Bat. +) on fuse block thru bus bar to terminal 

(Horn). When generator is charging battery, cur¬ 
rent is supplied by generator to terminal 2 (Dyn. 
+) on fuse block, across cut-out points, thru 
series coil of regulator to terminal 6 (Bat. +) on 
fuse block and as before to terminal 5 (Horn). 

Lighting circuit with spider in “DIM" position 
is from terminal 6 (Horn) to point “A" on lighting 
switch, thru spider arms “B" and “E" to point 
“F" on lighting switch. 

Head light circuit is then from point “F" on 
lighting switch thru headlight dimmer coil to point 
“O" on lighting switch, to center of bus bar con¬ 
necting right and left headlight fuse dips, thru 
fuses to terminals 4 and No. 7, right and left head¬ 
lights, respectively, thru circuits 4 and No. 7 to right 
and left headlamps, respectively, and to ground. 

Tail lamp circuit is from point "F" on lighting 
switch to tail lamp fuse, thru fuse to terminal 8 
(rear and dash) on fuse block, from terminal 8 on 
fuse block to dash lamp and ground, also thru cir¬ 
cuit 8 to tail lamp and ground. 

Portion of panel shown to right of complete 
panel shows spider in “ON" position. Spider 
arm "0" is in contact with point “A," arm “N" 
in contact with point “G," and arm “D" in con¬ 
tact with point "F," arms “B" and “E" being 
free. 

Lighting circuit is now from terminal 6 (Horn) 
on fuss block to point “A," thru spider arm “0" 
as before. Headlight current follows circuit thru 
spider arm “N" to point “G," and to headlights 
from point “G" as before. Tail light current fol¬ 
lows circuit thru spider arm “D" to point “F" 
and to tail and dash lamps as before. 

Tbs electric horn circuit is as follows: Starting 
at terminal 6 (Bat. +) follow bus bar to terminal 
5 (Horn) thru circuit 5 to horn button and to in¬ 
sulated terminal on horn, thru magnet winding of 
horn across contact points to ground and thence 
to storage battery. 


By inserting the ignition-key in the lighting and 
ignition-switch, the ignition circuit is closed. The 
ignition primary current for starting the engine is 
supplied by both halves of the storage battery, con¬ 
nected in parallel and is delivered to the ignition- 
switch from terminal 6 on starting switch to 6 (Bat. 
+ ) on fuse block, the remainder of the primary 
circuit being as follows: 

From terminal 0 (Bat. +) on fuse block to ter¬ 
minal 5 on fuse block, to point “A" on back of 
lighting switch, from point “A" to point “H" on 
back of lighting switch through ignition switch con¬ 
tact spring to point “K" on back of lighting switch 
and to terminal 1 (Ign.) on fuse block; from termi¬ 
nal 1 on fuse block through circuit 1 to terminal 1 
on top of induction coil, through primary winding of 
induction coil to point 16 on coil, to terminal 16 
on condenser cover at the timer. 

From terminal 16 on condenser cover the current 
flows through condenser cover (shown in outline) 
to the timer breaker points, and from the timer 
breaker points to point 17 on the timer, the con¬ 
tact breaker spring serving as the circuit. Point 
17 on timer to point 17 at base of induction coil and 
ground completes the circuit. 

Under running conditions when speed of generator 
is such that voltage generated closes cut-out points 
for charging the storare battery, the ignition prim¬ 
ary current is supplied directly from the generator 
to terminal 2 (Dyn. +) on fuse block across cut¬ 
out points through regulator to terminal 6 (Bat. 
+ ) on fuse block, from which point the circuit is 
the same as under starting conditions. 

▲ condenser is connected directly across the 
breaker points, and while no current flows through 
it, it is an absolute necessity in order to get the 
proper performance of the induction coil. 

At the instant the timer breaker points separate 
a high tension current is induced in the secondary 
winding. This high tension current leaves the in¬ 
duction coil at terminal 18. 

The high tension current circuit can be traced 
from terminal 18 on induction coil to center ter¬ 
minal 18 on distributor cover where it is distri¬ 
buted to the separate spark plugs, across the spurk 
plug gap to ground and thence back to the sec¬ 
ondary winding. 

Switch arms: The lettering of these arms is 
some what confusing. On diagram one would be led 
to believe that arms are lettered A, B, 0, E, and D, 
but such is not the case however. The lower left- 
hand arm is N, and is shown resting on ooniaol 
point A in chart 180 and on point G in the portion 
of panel shown in upper right corner of this chart 


1ABT NO. 180A— Maxwell Lighting and Ignition Circuits— continued in chart 180B. 
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Specifications of Maxwell 
Electric System. 

Maxwell “25” electric system as 
explained in charts 180 and 180A, 
consists of a Simms-Huff starting 
motor and generator combined in 
one unit. It has a single armature. 
The two field windings (shunt 
series) are differentially wound, 
hence it is called a “differential 
compound generator.” 

Generator:—When the engine is 
running, the dynamo delivers its 
charging current (10 to 15 am¬ 
peres) to the battery at 6 volts 
(2 halves, 8 volts each, in parallel), 
operating as a differential com¬ 
pound generator, that is, its twe 
fields oppose each other, so the 
terminal voltage and consequently 
the charging current is not exces¬ 
sive at the higher speeds. This 
likewise decreases the steady load 
on the engine, since torque de¬ 
veloped through opposition of fields 
is considerably lessened. 

In starting the engine the dyna¬ 
mo draws its heavy current from the same battery and acts as cumulative compound motor. The starter 
switch connects the two halves of battery in series, thus delivering 12 volts to starting motor. 

The Out-Out and Begulator are mounted on the rear of dash panel carrying the “off” and “charge” 
Indicator and switeh. The cut out and regulator action is explained in chart 180. Should cut out points 
stick at. any time it will be indicated by indicator showing “charge” and generator continuing to run 
after engine is stopped. 

Wiring—The Maxwell starting and lighting system is a grounded one, that is, the frame is used as the 
circuit from starter, lights, horn, etc. 

flhould light fuses blow persistently or battery discharge over-night, examine wiring carefully for a 
“. ' running above 15 mile 



- G •-und Stirling 5*. 


Fig. 2. Maxwell Ignition System. 


short circuit. If Indicator does not Indicate charge with engine 


dies per hour, or 


2ft, 


__ _ _ _ ng _ . 

when engine is speeded up, it is a sure indication of a broken wire or loose connection somewhere and 
should be attended to immediately. 

In a complete breakdown of the lighting system, circuit should immediately be tested for a break, or 
ground, as this wire carries the current for all lamps and horn. 

When individual lamps fail the trouble should be looked for in the wire between the dash and panel and 
the unit which fails to work. 7 or 8 volt, single contact lamps are used. 

Ignition Timing on Maxwell. 

2. Atwater-Kent ignition on Maxwell 25. (See chart 117,) located on the right side of engine 

__-fven by the timing gears. The current is taken from the generator at driving speeds and from the 

storage battery under starting conditions. Operated on 0 volts. 

Timing the spark: (If coupling has not been loosened on timer coupling shaft): Turn the crank 
shaft with the hand crank until No. 1 piston is 1/82 inch past top dead center, or 1% inch past on the fly¬ 
wheel, on compression or firing stroke. With No. 1 piston in this position notch in drive shaft half of 
coupling should be up. Remove the distributor cover, which is held in place by means of two spring 
clips and turn the timer coupling shaft until the distributor arm is brought into position opposite No. 1 
segment in distributor cover. The front right terminal on distributor cover is No. 1. Turn timer coup¬ 
ling shaft to right or left until coupling pin Is in position to engage in drive shaft coupling notch. With 
timer in this position couple it to the engine, bolt to bracket, and connect the terminals in the proper 
firing order of the engine, vis., from left to right, or clockwise, No. 1, 8, 4, 2. 

(If coupling has been loosened on timer coupling shaft.) Place No. 1 piston and distributor arm in 
position as explained above. Retard the breaker and turn the timer coupling shaft until the platinum 
points just break, or in other words, just separate. Holding coupling shaft in this position, turn coupling 
on shaft until coupling pin is opposite notch in drive shaft half of coupling and tighten coupling clamp 
Couple timer to engine and connect terminals as previously explained. 


Name Description 
Slack — Wire from 4 Thru. 10 W 

both 11*11. 

Blue Dimmer Win frea 6 
Tbra 10 l« 11. 
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10 to IS. 
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to 1*4 aloo Tbra 10 to 
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Wire from 4 to 6 

Tail Light 
Note: 
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MS 



„ Key 
£ 1 Dub Light 
Whlto XO 3 Iadkallag Auto.b«ltcb 
ToUo* S Igaltloa Switch 
.While 1% 4 Lighting Beltab 
5 Qora Duttoa 
0 Bora 
.Orica T Coll 

* Distributer 

'*■“ ~ 3 Storting Switch 
M 10 Junction Block 
11 L.H.H«adllfht 
13 B. II. Headlight 
IS TUI Light 



Mitchell A-29: Splitdorf-Apsloo starter and generator. Connecticut Ignition (6 volts). 
Starting motor 12 volt. Lights 7 volt. Mitchell ”6-40” uses a Westinghouse starter 
and generator. 


CHABT NO. 1GOB—Maxwell Ignition System—continued. MltdieU-Lewls A-29. Electric 8yste& 

Per latest electric systems used on late model cars of different makes, see pages 548 to 545. 
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Studebaker 1 

The starting motor is connected to engine by gears 
integral with the starting* motor (see fig. 1. chart 
164). A roller chain transmits the power to a 
sprocket on the crank shaft. The latter sprocket 
operates through an ‘ ‘over running clutch" on the 
crank shaft. 

•The generator is mounted in a vertical position 
on the right side of engine (Q, page 204), and is 
operated by a spiral gear from timing gears. It 
begins to deliver current to the battery at a car 
speed of about 10 miles per hour and reaches a 
maximum rate of flow at about 18 miles per hour. 

Generator is oiled at bearings every 2000 miles 
with light machine oil. (See page 204 for lubrica¬ 
tion of entire car.) 

Out-out—also called a relay, is of the usual type, 
and is attached to the dash. 

The relay will require no attention unless the 
battery indicator shows discharging when no cur¬ 
rent is being used for lights, horn, or ignition. 
If this should happen, remove the relay cover and 
examine the contact points to see if they are stuck 
together. If they are, they should be separated 
and dressed if rough. 

The method of wiring used throughout, is the 
grounded return, or so-called one-wire system. In 
this system there is but one insulated wire circuit 
from the battery to each electrical unit. If any 
of the wires should be removed In making repairs, 
make connections as shown under car wiring dia¬ 
gram above. When repairing wiring or electrical 
parts, first disconnect wires from battery to prevent 
possibility of short circuit. 

If It is desired to operate the car without a stor¬ 
age battery a set of four dry cells may be installed 
in the place of the battery, connecting them to the 
terminal of the large cable riveted to the frame, 
and to the terminal of the smaller of the two cables 
disconnected from the negative storage battery ter¬ 
minal. Any use of the lights or horn under these 
conditions will serve to discharge the dry cells 
rapidly. If the storage battery is removed it is 
vitally necessary, to take the following precaution. 

If for any reason tho engine la to be operated with 
the generator disconnected from the storage battery, 
be sure to connect the terminal of the generator to 
some point on the metal frame of the generator or en¬ 
gine, using a piece of copper wire. This precaution is 

♦See chart 116 and 164 for the 1916-16 8tu< 


ctrlc System. 

for the protection of the generator and is essential. 
This "ground" wire should be removed when the 
generator is again connected to the storage battery. 

Lamps: For headlamps use 7-volt 12-candle-power 
bulbs, and for tail and speedometer lamps use 7-volt 
2-candle-power bulbs. 

Ignition: is the Remy—see page 261. Tho Igni¬ 
tion unit, is mounted to the front of the engine, 
and driven by gears at half orank shaft speed. 
Coil is mounted to the side of the distributor. 

Adjustments: contact points should be .016 of 
an inch. Spark plugs .026 inch gap. 

Timing the spark: Open the pet-cock on top 
of the cylinders and turn the engine over by .hand 
until the piston in No. 1 cylinder has begun its 
compression stroke. The beginning of the com¬ 
pression stroke may be detected by holding the 
thumb over the open pet-cock until compression is 
felt. The exact upper dead center position is in¬ 
dicated by the* mark "UP-D-0-1" on the flywheel 
coming under the pointer at the top of flywheel. 
Turn over the engine until this mark has 4 inches 
to travel (for the four) or 6ft inches to travel (for 
the six) before reaching the pointer. The engine is 
now in the proper position for the fully advanced 
spark in No. 1 cylinder. 

Turn the spark lever on the steering wheel to 
its extreme advanced position. The timer control 
lever should then be in it- extreme forward position. 

Remove the distributor cover without disconnect¬ 
ing the wires, lift off the distributing segment holder, 
and loosen the nut which holds the cam on the 
tapered shaft. 

Pry the cam from its seat on the shaft, using 
the special tool which will be found in the regular 
tool kit. 

Turn the cam in a anti-clockwise direction 
until it reaches a position such that when all parts 
are replaced the edge of the distributing segment 
will come directly under No. 1 distributor terminal. 
Then continue turning until the breaker points are 
just in the act of separating. 

Tighten the lock nut to hold the cam in this posi¬ 
tion and replace the distributing segment holder 
and cover. 

taker electric drive principle. 


OHABT NO. 1800—Studebaker Electric System: Wagner Starter and Generator—Bemy Ignition. 

Above is 1916-17 Studebaker. 1918 system similar. 
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Dodg e ; North 
East starter-gen¬ 
erator and sep¬ 
arate Deleo igni¬ 
tion (on early 
models, Eisemann 
magneto was for¬ 
merly used — see 
page 923), 



♦Dodge Electric System. 


Starter—Generator: position, front left 
hand side of engine. 12 volts. 

One armature and two sets of field wind¬ 
ings. Operating both as a starter and as a 
generator. Driven by means of a silent chain. 
Batio of 3 to 1. (Also see chart 181A.) 

Ignition: Deleo, distributor on right side 
of engine, driven by water pump shaft. Dis¬ 
tributor of course is driven at % crank shaft 
speed. The system is Bimilar to other Deleo 
ignition systems. Firing order is 1, 3, 4, 2. 
Spark ping gaps are separated 1/32 inch, or 
about thickness of a smooth dime. Wiring- 
grounded or single wire system. 

To time the Ignition: Open all the priming 
cups, and crank the engine until the com¬ 
pression stroke begins in cylinder No. 1. 

This can be ascertained by holding the 
thumb tightly over the priming cup of this 
cylinder and observing that both the valves 
remain closed at the top of the stroke. 

Slowly continue to turn over the crank 
until piston No. 1 has passed the top of this 
stroke about 6°, which is % inch past dead 
center measured on the flywheel. This posi¬ 
tion ean be determined without removing the 
cylinder head, by turning the starting crank 
handle until the exhaust valve in cylinder 
No. 4 just closes. 

Bemove the distributor head and distributor 
rotor, and loosen the breaker cam adjusting 
screw on the top of the vertical shaft. 

Then set the breaker cam in such a posi¬ 
tion that the rotor button will come under 
the position of No. 1 cylinder high tension 
terminal in the distributor head when it is 
replaced on the breaker cam, and so that the 
tuning contacts are just starting to open with 
the spark lever in the fully retarded position. 

Set the breaker cam carefully so that 
when the slack in the distributor gears is 


rocked forward, the timing contacts will open, 
and when the slack is rocked backward, 
these contacts will just close. 

With the vertical shaft in the proper po¬ 
sition in reference to the engine,- and the 
breaker cam and distributor rotor both set 
as instructed, the timing adjusting screw 
should be screwed down tightly. Then re¬ 
place the rotor and distributor head. See 
that the rotor button spring allows the button 
to be fully depressed, and that the distributor 
head is located properly by the locating 
tongue which Bnaps onto it. 

Chain Adjustment of Starter-Generator. 

To obtain the proper adjustment for quiet 
running of the chain, proceed as follows: (see 
also page 411.) 

Loosen the set screw and lock nut on the 
edge of the front flange of the cylinder block, 
and back off the starter binding nut, just 
enough to remove the pressure from the ad¬ 
justing ring. Loosen the 11 V M blocks and 
strap to allow the starter-generator to move. 
This will allow the eccentric adjusting ring, 
to be turned until the required play in the 
chain is obtained. There should be about one- 
half inch up and down movement in the chain. 
After the proper adjustment has been made, 
be sure that the set screw, lock nut, and 
binding nut are screwed up tightly. Bee 
that the chain tension has not been disturbed 
while performing this last operation. 

Carefully adjust <*V’* blocks up snug be¬ 
tween engine and starter-generator, and then 
tighten holding strap. After the inspection 
cover haB been replaced the chain should run 
without perceptible noise. It is lubricated by 
dipping into the oil in the bottom of the 
front gear compartment; thus needing no 
further attention after it has been properly 
adjusted. — continued in chart 181A. 


OHABT NO. 181—Dodge Electric System. 
•See also Dares 928. 924. 
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TIm starting motor is connoctod to engine by gears 
integral with the starting* motor (see fig. 1, chart 
164). A roller chain transmits the power to a 
sprocket on the crank shaft. The latter sprocket 
operates through an “over*running clutch' 1 on the 
crank shaft. 

•The generator is mounted in a vertical position 
on the right side of engine (G, page 204), and is 
operated by a spiral gear from timing gears. It 
begins to deliver current to the battery at a car 
speed of about 10 miles per hour and reaches a 
maximum rate of flow at about 18 miles per hour. 

Generator is oiled at bearings every 2000 miles 
with light machine oil. (See page 204 for lubrica¬ 
tion of entire car.) 

Out-out—also called a relay, is of the usual type, 
and is attached to the dash. 

The relay will require no attention unless the 
battery indicator shows discharging when no cur¬ 
rent is being used for lights, horn, or ignition. 
If this should happen, remove the relay cover and 
examine the contact points to see if they are stuck 
together. If they are, they should be separated 
and dressed if rough. 

The method of wiring used throughout, is the 
grounded return, or so-called one-wire system. In 
this system there is but one insulated wire circuit 
from the battery to each electrical unit. If any 
of the wires should be removed In making repairs, 
make connections as shown under car wiring dia¬ 
gram above. When repairing wiring or electrical 
parts, first disconnect wires from battery to prevent 
possibility of short circuit. 

If it is desired to operate the car without a stor¬ 
age battery a set of four dry cells may be installed 
in the place of the battery, connecting them to the 
terminal of the large cable riveted to the frame, 
and to the terminal of the smaller of the two cables 
disconnected from the negative storage battery ter¬ 
minal. Any use of the lights or horn under these 
conditions will serve to discharge the dry cells 
rapidly. If the storage battery is removed it is 
vitally necessary, to take the following precaution. 

If for any reason the engine is to be operated with 
the generator disconnected from the storage battery, 
be sure to connect the terminal of the generator to 
some point on the metal frame of the generator or en¬ 
gine, using a piece of copper wire. This precaution is 

♦See chart 116 and 164 for the 1916-16 8tuc 


for the protection of the generator and is essential. 
This "ground" wire should be removed when the 
generator is again connected to the storage battery. 

Lamps: For headlamps use 7-volt 12-candle-pewer 
bulbs, and for tail and speedometer lamps use 7-volt 
2-candle-power bulbs. 

Ignition: is the Remy—see page 251. The igni¬ 
tion unit, is mounted to the front of the engine, 
and driven by gears at half crank shaft speed. 
Ooll is mounted to the side of the distributor. 

Adjustments: contact points should be .015 ef 
an inch. Spark plugs .025 inch gap. 

Timing the spark: Open the pet-cock on top I 
of the cylinders and turn the engine over by .hand 
until the piston in No. 1 cylinder has begun its 
compression stroke. The beginning of the com¬ 
pression stroke may be detected by holding the 
thumb over the open pet-cock until compression is 
felt. The exact upper dead center position is in¬ 
dicated by the* mark "UP-D-0-1" on the flywheel ; 
coming under the pointer at the top of flywheel 
Turn over the engine until this mark has 4 inches 
to travel (for the four) or 5% inches to travel (for . 
the six) before reaching the pointer. The engine i* 
now in the proper position for the fully advanced 
spark in No. 1 cylinder. 

Turn the spark lever on the steering wheel to 
its extreme advanced position. The timer control 
lever should then be in it- extreme forward position. ; 

Remove the distributor cover without disconnect- | 
ing the wires, lift off the distributing segment holder, 
and loosen the nut which holds the cam on the 
tapered shaft. 

Pry the cam from its seat on the shaft, using 
the special tool which will be found in the regular 
tool kit. | 

Turn the cam in a anii-clockwise direction 
until it reaches a position such that when all parts l 
are replaced the edge of the distributing segment 
will come directly under No. 1 distributor terminal 
Then continue turning until the breaker points am 
just in the act of separating. 

Tighten the lock nut to hold the cam in this posi¬ 
tion and replace the distributing segment holder 
and cover. 

taker electric drive principle. 


OHABT NO. 1800—Studebaker Electric System: Wagner Starter and Generator—Bemy Ignition 

Above is 1916-17 Studebaker. 1918 system similar. 
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Dodge: North 
East starter-gen¬ 
erator and sep- 
a rat e D e lco igni¬ 
tion (on early 
models, Eigemann 
magneto was for¬ 
merly used -— see 
page 32 3), 


STARTING SWITCH 
AHD REVERSE 
CURRENT CUT-OUT 


♦Dodge Electric System. 

Starter—Generator: position, front left rocked forward, the timing contacts will open, 
hand side of engine. 12 volts. and when the slack is rocked backward, 


One armature and two sets of field wind¬ 
ings. Operating both as a starter and as a 
generator. Driven by means of a silent chain. 
Batio of 3 to 1. (Also see chart 181 A.) 

Ignition: Delco, distributor on right side 
of engine, driven by water pump shaft. Dis¬ 
tributor of course is driven at % crank shaft 
speed. The system is similar to other Delco 
ignition systems. Firing order is 1, 3, 4, 2. 
Spark plug gaps are separated 1/32 inch, or 
abont thickness of a smooth dime. Wiring— 
grounded or single wire system. 

To time the Ignition: Open all the priming 
cups, and crank the engine until the com¬ 
pression stroke begins in cylinder No. 1. 

This can be ascertained by holding the 
thumb tightly over the priming cup of this 
cylinder and observing that both the valves 
remain closed at the top of the Btroke. 

Slowly continue to turn over the crank 
until piston No. 1 has passed the top of this 
stroke abont 6°, which is % inch past dead 
center measured on the flywheel. This posi¬ 
tion can be determined without removing the 
cylinder head, by turning the starting crank 
handle nntil the exhaust valve in cylinder 
No. 4 just closes. 

Bemove the distributor head and distributor 
rotor, and loosen the breaker cam adjusting 
screw on the top of the vertical shaft. 

Then set the breaker cam in such a posi¬ 
tion that the rotor button will come under 
the position of No. 1 cylinder high tension 
terminal- in the distributor head when it is 
replaced on the breaker cam, and so that the 
timing contacts are just starting to open with 
the spark lever in the fully retarded position. 

Set the breaker cam carefully so that 
when the slack in the distributor gears is 


these contacts will just close. 

With the vertical shaft in the proper po¬ 
sition in reference to the engine, and the 
breaker cam and distributor rotor both set 
as instructed, the timing adjusting screw 
should be screwed down tightly. Then re¬ 
place the rotor and distributor head. See 
that the rotor button spring allowB the button 
to be fully depressed, and that the distributor 
head is located properly by the locating 
tongue which snaps onto it. 

Chain Adjustment of Starter-Generator. 

To obtain the proper adjustment for quiet 
running of the chain, proceed as follows: (see 
also page 411.) 

Loosen the set screw and lock nut on the 
edge of the front flange of the cylinder block, 
and back off the starter binding nut, jnst 
enough to remove the pressure from the ad¬ 
justing ring. Loosen the “V” blocks and 
strap to allow the starter-generator to move. 
This will allow the eccentric adjusting ring, 
to be turned until the required play in the 
chain is obtained. There should be about one- 
half inch up and down movement in the chain. 
After the proper adjustment has been made, 
be sure that the set screw, lock nut, and 
binding nut are screwed up tightly. . See 
that the chain tension has not been disturbed 
while performing this last operation. 

Carefully adjust ‘«V’> blocks up snug be¬ 
tween engine and starter-generator, and then 
tighten holding strap. After the inspection 
cover has been replaced the chain should ran 
without perceptible noise. It is lubricated by 
dipping into the oil in the bottom of the 
front gear compartment; thus needing no 
further attention after it has been properly 
adjusted. — continued in chart 181A. 


OHABT NO. 181— Dodge Electric System. 

*Saa alao Da area 928. 924. 
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DYKE’S INSTRUCTION NUMBER TWENTY-EIGHT. 


Generating: As 

soon as the car at< 
tains a speed of ap¬ 
proximately 10 miles 
per hour the auto¬ 
matic cut-out located 
in the starting- 
switch housing 
automatically closes 
the circuit between 
the starter-generator 
and the battery, thus 
allowing a charging 
current to be con¬ 
ducted from the star¬ 
ter-generator to the 
battery. Whenever 
the car speed falls 
below 9 to 10 miles 
per hour the cut-out 
automatically opens 
the generating cir¬ 
cuit and prevents the 
battery from dis¬ 
charging through the 
starter-generator, ex¬ 
cept, of course, when 
the starting switch is 
operated. 

The output from the starter gen¬ 
erator is maintained at a correct 
value by the combined action of a 
regulating device known as the third 
brush system, and the differential ef¬ 
fect of the Beries field, upon the 
shunt field, commonly known as a 
bucking field. In this way the bat¬ 
tery is kept in a properly charged 
state under normal usage of the ear. 

In cases, however, where the car is 
subjected to abnormal service, such 
as continuous day driving, with infre¬ 
quent use of the starter, it is ad vis 
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able ocasionally to allow the lights to burn dimmed over night. This will compensate for the 

abnormal charge given the battery. The same results may be obtained by allowing the starter- 
generator to run the engine with the ignition turned off for a period of five to fifteen minutes. 

Under extreme conditions, it may be necessary to have the charging rate of the star- 
ter-generator changed slightly, so as either to decrease or increase the charge given the bat¬ 
tery, to meet the special requirements of the case. This alteration of the charging rate can 
be quickly made by adjusting the third brush system, (similar to adjusting Delco third 
brush, see index.) * 


The current indicator is located on the left hand side of the instrument board, and is in¬ 
serted in the charging circuit, between the automatic cut-out and the positive battery con¬ 
nection of the starting switch. To the positive terminal on the current indicator are con¬ 
nected the wires which conduct the current for the ignition and lighting switch and for the horn. 

This indicator registers “charge” when the starter-generator is charging the battery, 
and “Discharge” when the battery is supplying current for the ignition or lighting sys¬ 
tems. Whenever the starter-generator is supplying normal current to the battery however, 
the indicator will show “charge” even if all the lamps are burning. “Discharge” will ap¬ 
pear on the indicator whenever the lights are being used while the car is standing, or run¬ 
ning on direct drive at a speed of less than 10 to 12 miles per hour. 

If at any time the current indicator fails to register properly, inspect its terminal 
posts to see that the wires leading thereto are tightly attached. Also, make sure that there 
are no short circuits in the wiring system. 

The Bhowing of “Discharge” instead of “charge” when the latter Bhould be indi¬ 
cated. is an almost certain sign that a short circuit has developed in the wiring system un¬ 
less, of course, the wires attached to the current indicator, have been connected to its ter- 
minals in Buch a way as to reverse the direction of flow of the current through the indieater. 

If no short circuit in the car wiring is to be found remove the current indicator, and 
inspect it for internal difficulties. Be sure to replace properly all connections before again 
running the engine. 

Lighting system: single grounded return system is used, see chart 197 for size lamps 
used. Lighting switch has three positions; “off,” “dim” and “on.” For disconnecting 
battery or generator—see index “disconnecting battery” and “disconnecting generator.” 


XHABT NO. 181A—North East Electric System on the Dodge—continued. 








































STUDY OF DIFFERENT ELECTRIC SYSTEMS. 
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Reo Electric System. 


The Bemy electric 
starter, generator, 
and ignition system 
is need on both the 
four, and Bix, cylinder 
Be©. The construe- 
tion is similar on 
both cars, (see this 
chart and chart 
1810.) 

The starting mo¬ 
tor has a gear reduc¬ 
tion built integral 
with starting-motor. 
The power is trans¬ 
mitted to transmis¬ 
sion main shaft by 
means of a roller 
chain and sprocket, 
(see fig. 3, page 336.) 
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When the starting button is depressed, a 
lever tightens the friction cable, which passes 
around a sheave mounted beside the starting 
motor chain sprocket on the transmission. This 
cable holds the sheave until a slot in it en¬ 
gages a trip pin connected to a pawl on this 
sprocket. When this trip pin makeB contact 
with the side of the slot it twists the pawl 
and brings it into mesh with the teeth of a 
ratchet on the universal shaft. The universal 
l shaft and the sprocket then turn as a unit 
nntil the starting button is released, freeing 
the sheave and permitting a spring to disen¬ 
gage the pawl from the ratchet. 

Generator, is a low speed 6 volt, machine, 
with the Bemy ignition unit, as explained in 
chart 118, and page 251, also'in chart 169. 
The thermostatic control is mounted on the 
generator. 

The automatic cut-out is located on the dash 
beneath the hood, and iB for the purpose of 
preventing current from the storage battery, 
flowing back through the generator when it 
iB standing still, or running at a speed lower 
than 300 B. P. M. or about five miles per hour 
in high gear. The cut-out requires no adjust¬ 
ment other than to keep the points clean and 
smooth with contact the full width. Do not 
under any condition alter the spring tension. 
Do not close the cut-out points when the en¬ 
gine is not running as they will stick to¬ 
gether and allow the battery to be discharged 
in a few hours time as well as ruining the 
cut-out coil. 

Regulation of output.—This generator is 
equipped with 44 third brush regulation ” and 
means -re provided for varying the maximum 
output. A small screw which is located in the 
rear end of the generator is connected to the 
third brush by a rack and pinion movement, 
which allows the position of the brush on the 


commutator to be changed slightly. Turning 
this Bcrew in a clockwise direction increases 
the output for a given speed, while turning it 
in the opposite direction decreases it. 

Thermostatic control.—In order to provide 
against a shortage of current in winter 
weather or on short runs where starts are 
numerous and at the same time to insure 
against overheating the generator in the sum¬ 
mer or on long runs a thermostat iB arranged 
to cut down the charging rate as soon as the 
temperature of the generator reaches a cer¬ 
tain point. This thermostat can be seen by 
removing the cover from the rear of the gen¬ 
erator. and since it requires no adjustment 
should not be tampered with, (see chart 169.) 

Amount of charge.—The generator is in nor¬ 
mal working condition if the ammeter shows 
a charge of about 18 amperes, when running 
16 miles per hour on first starting and re¬ 
duces this charge to about 10 amperes on be¬ 
coming warmed up. 

Condenser.—The condenser is contained in 
the metal box mounted on the side of the 
generator. This places it within a few inches 
of the breaker points which is very desirable. 
The condenser terminals are the two upper 
oneB on the end of the box. The two lower 
terminals are connected to the armature, and 
the clip marked 4 'Short Circuit Connector” 
is for the purpose of connecting theBe termi¬ 
nals. if it is deBired, at any time, to run the 
engine without generating current. 

Brushes.—The brushes are of special copper 
carbon composition and should last indefinite¬ 
ly. If replacement should be necessary from 
any cause, do not use carbon substitutes, but 
obtain the special brushes furnished by the 
Bemy factory, branch houBe or Bervice sta¬ 
tions. Brushes should be kept tight on the 
holders and in perfect contact with the com¬ 
mutator. 


—continued in charts 1810 and 181D. 


CHART HO. 181 B—Reo Electric System—The Bemy. 






DYKE’S INSTRUCTION NUMBER TWENTY-EIGHT. 
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—Iteo continued. 


The ammeter is for the 
purpose of indicating the 
amount of current passing 
into and out of the storage 
battery. The indicator or 
hand should point to zero 
at the center of the scale 
when the engine is standing 
still, and all lighting or ig¬ 
nition switches are in the 
“off” position. If it does 
not, it is almost conclusive 
proof that there is a leak¬ 
age of current tending to 
run down the battery, but 
in order to make certain 
that the ammeter is not at 
fault, disconnect one of the 
battery terminals at the 



battery. This prevents any 

current from flowing and the ammeter will, current in the battery. A hydrometer la the 
if it is all right, indicate zero or very closely j instrument that will show this, 
to it. J 


If the ammeter indicator is off from this 
zero position, then the difficulty is in the am¬ 
meter and it may be corrected by removing 
the ammeter from the case and resetting by 
bending the hand. There is very little chance 
of this type of ammeter reading incorrectly as 
ordinary short circuits have little or no de¬ 
trimental effect, since only a small part of 
the current is Bhunted through the coil at¬ 
tached to the indicator and this current does 
not affect the permanent magnet. However, 
an unsually heavy short circuit will burn the 
coil or balancing springs. 

Leakage. —If the ammeter shows zero read¬ 
ing with the battery disconnected and shows 
a dis charge reading with battery connected, 
engine standing still and all switches in the 
off position, then there is a leakage of current. 

This leak should be found and stopped at 
once or the storage battery will become dis¬ 
charged and if allowed to remain in this con¬ 
dition for any length of time, cause injury to 
the battery. 

These leakB are moBt likely to be found in 
the lighting wires, Bockets, and eonneetions 
and in the ignition wires. Leaks in that sec¬ 
tion of wires between ammeter and battery 
are not registered on the ammeter, whieh 
should be borne in mind when looking for 
battery trouble. 

The ammeter does not show the amount 
of current used by the starting motor. The 
starting motor takes about 95 amperes to turn 
the engine over at approximately 126 revo¬ 
lutions per minute. This current is used, of 
course, only for a few seconds and it is not 
considered necessary or advisable to try to 
pass it through the ammeter. 

The ammeter does not show the amount of 


Generator disconnected: if wires running to 
the generator should be disconnected for any 
cause, great care should be used in replaeiaf 
them—generator will reverse its polarity if 
wires are reversed—no serious injury would 
result, but ignition current might be inter- 
fered with. 

Fuse block—If a fuse burns out—find tho 
cause. Replace with 6 ampere fuses. Bulks: 
headlight, 6 to 8 volt, 16 e. p. Dash and tail 
lights, 8 to 4 volt, 8 o. p. 

Disconnecting storage battery: If the star 
age battery (3 cell, 6 volt) should become db* 
charged to such an extent that it fails to 
supply ignition current it should be recharged 
from an outside source of current. If abso¬ 
lutely necessary to use the car with battery 
removed place five dry cells, connected la 
series, in place of the storage battery, eoa- 
necting to the same terminals. Connect the 
two lower terminals on the condenser bar 
(located on the side of the generator), to¬ 
gether by the short circuit clip which should 
be found attached to the lower terminal or by 
a piece of wire and the car can be used ustfl 
storage battery i» recharged; it, of course, 
being necessary to crank the engine by hand. 
It should be remembered that it is often pos¬ 
sible to start an engine by hand cranking eves 
after the storage battery is toe weak to drive 
the starting motor. 

If battery Is removed, be sure and replies 
it as it was originally—same connection! aad 
be sure they are tight. 

Ignition—the Remy battery and coil sysh a 
is explained in chart 118 and page 261. 

Adjustments: maximum opening of break* 
points .012 to .016 inch. The re-beund spriuf 
should be .020 inch, from the breaker am, 
when points are at maximum opening. 8paik 
plug gap .026 to .030 inch. 

—continued la chart ink 
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—continued from chart 1810. 

If the engine misses when running idle or 
pulling light, the spark plug gaps should be 
made wider. If the engine misses at high 
speed or when pulling heavy, at low speed, 
the gaps should be made closer. It should be 
borne in mind however that there are many 
other things which will cause the engine to 
miss and act like ignition trouble, viz.: car¬ 
buretor being out of adjustment, leaky valves, 
incorrect valve timing, air leaks in intake 
manifold or around valve stem, engine not 
oiling properly, lack of compression, etc. 

To set ignition: Turn fly-wheel until piston 
of No. 1 cylinder is at top of compression 
stroke. Then turn % turn more until marks 
on fly-wheel (U. D. C. 1 A 6) are -opposite 
reference mark on base of rear cylinder. At 


this point, turn armature shaft (ignition 
timer is connected to it) until cam on inter¬ 
rupter, is just starting to break. Put lever 
in full retard position. 

To check point of fixing. —Open cylinder 
pet cocks, retard spark control lever, turn on 
ignition switch, and notice that the ammeter 
shows a discharge. Then while one person 
turns the engine over very slowly with the 
hand crank, a second person can watch the 
ammeter. The instant at which the ammeter 
pointer starts to return to zero, is the time 
at which the spark occurs. At this instant 
one of the U. D. 0. marks on the fly wheel, 
should be from 1 to 1% inches past the dead 
center reference point. Firing order is 1, 4, 
2 , 6 , 8 , 6 . 


Haynes Electric System (per diagram below). 


Haynes car uses the Leece-Neville starter 
and generator system. A two-unit ^system. 

Starting motor drives the crank shaft in 
front, by a chain and an over running clutch; 
Starter is mounted on the left side. 

Generator— driven by gears from crank Bhaft 
of engine and is mounted on right side. A cir¬ 
cuit-breaker or cut-out is mounted on generator. 
Regulation —by third brush. Ignition —on the 
Haynes “12-40” and “12-41” is Delco. On 
the “6-37” and “6-36” Bemy is used. The 


distributor and timer are mounted on the gen¬ 
erator. 

To time the ignition: spark occurs in cyl¬ 
inder No. 1 when mark “IN—CL” (inlet, 
closes) on fly wheel, comes under pointer—at 
end of compression stroke and spark lever ful¬ 
ly retarded. This causes spark to occur % 
inch past dead center, as measured on fly 
wheel. Bee index for Delco and Bemy coil and 
battery ignition system for further detailed 
description. 


, Addresses of Manufacturers of Electric Systems. 

▲dans A Westlake Oo., Chicago, HI. “Apelco”—0. P. Splitdorf, Newark, Now Jersey. 

Adams-Bagnall Electric Oo., Cleveland, Ohio. “Bendix”—-Eclipse-Bendlx Mfg. Co., Elmira, N. T. 



Electric *‘Auto-Lite’* Co., Toledo, Ohio. 
Allis-Ohalmers Oo., Norwood, Ohio. 

Boach Magneto Co., 228, W. 46 St., N. T. 
Bijur Electric Oo., Hoboken, N. J. 

Briggs Magneto Oo., Elkhart, Ind. 

“Dixie”—0. F. Splitdorf Oo.. Newark, N. J. 
Cutler Hammer Oo., Milwaukee, Wis. 
Detroit Starter Oo., Detroit, Mich. 

“Disco” Electric Starter Oo„ Detroit, Mich. 
“Dyneto” Electric Oo., Syracuse, N. Y. 
“Delco”—Day ton Electrical Laboratories, 
Dayton, Ohio. 

Eisemann Magneto Oo., New York Oity. 
Cray and Davis, Amesbury, Mass. 

Heinse, John O., Springfield, Ohio. 
Leece-Neville Oo., Cleveland, Ohio. 
“North-East” Electric Oo., Rochester, N. Y. 
“Owen Magnetic;” R. A L. Baker Oo.. 
Cleveland, Ohio. Gen’l Electric Oo., Fort 
Wayne, Ind. 

“Remy” Electric Oo., Anderson, Ind. 
“Rushmore”—Bosch Magneto Oo. (see 
above). 

“Simms-Huff” Oo., East Orange, N. J. 
Splitdorf Oo., Newark, N. J. 

“U. 8. L.”—United States Light and Heat¬ 
ing Oorp., Niagara Falls, N. Y. 

“Westinghouse” Electric Mfg. Oo., Pitts¬ 
burg, Penna. 

“Wagner” Electrie Oo., St. Louis, Mo. 
“Ward-Leonard” Electrio Oo., Bronxville, 


UH AR T HO. 181D—Reo Electric System—continued. The Haynes—Leece-Neville Starter art 

Generator, Remy Ignition (also see chart 169). 
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DYKE’S INSTRUCTION NUMBER TWENTY-EIGHT-A. 


_ ~Z Q _ | Til# Delco "relay” ignition system consists 

fll ffl m m ,^\| of: (1) s coil box containing four non-vibrsrt- 

0 \J\ U 0 *. 1-ing high tension coils (B); (2) s relay <B) 

WL ^ W* JW I I *• need in the circuit of the commutator or timer; 

Air A A.ItA -£X==J (8) twitch <S); timer (T). 

U .J T| The principle of this system is similar te the 

3 i— ■ IS master vibrator system explained in chart 110. 

RELAY and is used in connection with the old style 

l "" AlflKI' commutator or a timer. 

I* \r-T- - u The master vibrator In this instance la called 

l^L -the controlling relay. The ignition or control- 

T V®*!/ relay will be explained as follows: 

KJtJJ _This relay is for tho purpose of breaking tbs 

^ VS/ primary circuit and thereby producing a spark 

c- f r ; . i from the secondary windings of the induction 

Fig, 1. DiftKrem of the Delco Ignition System coil it takes the place of the four vibrators 

r .J on an ordinary coil unit, as it acts, for each 

DB £ ~- coil in turn as the commutator makes connec¬ 

tion. In this way, it replaces what is commonly known as a master vibrator 
- ^ as explained in chart 110. It differs from the ordinary vibrator, however, 

H in that it uses but one spark for each contact of the commutator. 

p ' But in starting, when the button at the top of the switch is pushed in, 

H p it opens the auxiliary or holding coil and permits the armature (A) to vibrate 

the same as any vibrator, sending a shower of sparks to the cylinder for 
starting. This is one of the features of this system. After engine starts a 
"single" spark is supplied. 

Operation of relay. 0 is the magnet coil, composed of two windings; 
,/ one heavy winding through which the primary circuit passes when the timer 

. makes contact, thus drawing down the armature A, and opens contact P. 

f 1 This contact opens the circuit and the armature would again return to its 

l first position, making contact and breaking it again as an ordinary vibrator 

if it were not for a second fine winding, wound on the same coil, but shunted 
around P. The current flowing through this holds the armature A against 
pole piece PP until the timer slips off contact, when this auxiliary circuit 
r —» i is opened, thus releasing the armature and allowing the platinum iridium con- 

- - 1 tacts P to come together and be ready to break the circuit when the timer 

Fig. 2. Tho Cob- makes the next contact. 

trolling Reloy. A hard rubber spacing support holds the lower contact spring In a definite 

■ ■■■ ■ position. The hard rubber insulating stud on the armature pushes the center 
spring out and opens the contacts "P" when the armature "A" is drawn 
down against the pole piece “PP.” 

PP is a pole piece which screws in or out as desired by means of a ratchet. This is the only 
idjustment on the entire system and is only used to get the proper opening of the contacts P. 


Fig. 2. Tho Con¬ 
trolling Reloy. 


distributor 
GONNRCTION _ 
TO SPARK 


.DISTRIBUTOR 




BRU3h(b) 


test-; 


/distributor 

^CONTACTS 


INSULATED 

k FROM each 
V OTHER 


TO SHIFT 1 
FOR ADVANCE 
OR RETARD 


SHAFT WHICH DRIVES 
TIMER & DISTRIBUTOR 


J SECONDARY 

rwiNDiMe on con. 


I PRIMARY 
/WINDING ON COIL 


-core or con. 


I BATTERY OR SOURCE 
I OF ELBCTRIC AYSTST1 


OROONOR) 
IENOIHE OR 
I FRANC 

IF or car 


CAM SHAFT 
OH ENGINE 


SEAR DRIVE 


Tig. 3. The distributor and timer arranged in 
this manner dispenses with the multiple coil, only 
>ne non-vibrating coil is now necessary. The re¬ 
lay is not shown with this system. This was the 
lext improved Delco ignition system. 

Note diagram; when timer makes contact at E 
md breaks, the distributor brush (B) makes con¬ 
tact also. Above is an open circuit type timer. 


Fig. 4. A wiring diagram of fig. 3. The dis¬ 
tributor and timer principle showing how the twe 
are combined in one unit and driven from one shaft. 
A later development ia shown in chart 184. 

The timer cam (D) and distributor brush (B) 
are driven at englno camshaft speed. If engine 
crankshaft turned 720° or two revolutions, the 
timer-distributor shaft would revolve one-half the 
speed or 860°, or one revolution. Note on a four 
cylinder engine ignition system, there are 4 lobes oa 
cam (D) and 4 points on distributor. 

On a magneto, as explained on page 295, there 
are usually 2 lobes on cam, therefore on a four cyl¬ 
inder engine the magneto armature would revolve at 
engine crankshaft speed. 


ABT NO. 188—Delco Ignition System. The Belay System: one of the first Delco Ignition Sys¬ 
tems. The next Improved Ignition System was the Delco Distributor and Open Circuit 
Timer System, figs. 3 and 4. The later improvement is the system shown on pages 377, 378. 
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INSTRUCTION No. 28-A. 

fDELCO IGNITION SYSTEM: Early Form of Relay System. 
Distributor and Timer Development. Automatic Advance 
of Spark. The Modern Delco Ignition. Circuit Breaker. 
Resistance Unit. 


We will not attempt to show all of the ferent “regulation” systems used with the 
Delco systems, but will first explain the Delco generator, 
original Delco ignition system, then the dif- 

Delco “Relay” Ignition. 


In order to note the development of the 
Delco ignition systems, it will be necessary 
to start at the beginning, therefore we will 
briefly describe the Delco relay ignition sys¬ 
tem which is similar in a manner to the 
master vibrator, except a “single” spark 
is used to run on instead of a “succession” 
of sparks, although a succession of sparks are 
given to start on. 

This relay system was one of the early 
forms of ignition used for automobile work 

before the development of the present “dis- 

Delco Distributor and 

The old style commutator faults are ex¬ 
plained on page 242. This device was usu¬ 
ally placed in front of the engine and run 
from the end of the cam shaft, just as the 
principle is now employed on the Ford car. 
There are many objections to this old style 
commutator and vibrating coil system, some 
of the objections are the current consump¬ 
tion, lag in spark timing, sticking vibrator 
points and the constant moving of wires in 
advancing and retarding the spark, by shift¬ 
ing the commutator and last but not least, 
the great amount of wiring necessary. 


tributor and timer 99 system now used so ex¬ 
tensively. 

This Delco “relay” system is still used 
on marine engines and many four cylinder 
engines using the old style commutator and 
vibrating coil. For example, suppose you had 
a four cylinder engine with four vibrator 
coils and commutator, then you could bet¬ 
ter this ignition systom by using the relay 
to take the place of the vibrators. The 
same timer would be employed. A diagram 
of this system is shown in chart 183. 

Timer Development. 

To overcome these objections the commu¬ 
tator was arranged as a “timer” so it would 
give a single spark Instead of a succession 
of sparks, see fig. 2, page 242. The several 
coils were dispensed with and one non-vi¬ 
brating coil was used instead. To accom¬ 
plish this, the timer and a distributor were 
combined and operated from cam shaft. This 
principle is explained on page 230, but in 
this instance, a “timer” making a single 
contact, is used instead of a commutator as 
on page 230. A diagram illustrating this 
timer and distributor development is shown 
in chart 183 and page 378. 


A Later Delco Ignition. 


Is the system illustrated in chart 184. 
This system combines the distributor and 
timer, but instead of the spark being ad¬ 
vanced by hand it is advanced Automatic¬ 
ally. The distributor and timer, together 
with the ignition coil, spark plugs and wir¬ 


ing constitute the ignition system. The 
source of supply can be from storage bat¬ 
tery, dry cells or generator. 

The Delco timer is made in two types; 
open and closed circuit type—see page 378. 


Parts of the Delco Ignition System. 


The combination switch (fig. 5) is for the 



Fir. 5. Diagram of combination switch. 


purpose of controlling the lights, ignition and 


the circuit between the generator and the 
storage battery. A later type page 378. 

The button M controls both the ignition 
and the circuit between the generator and 
storage battery. 

The button B controls ignition current 
from dry cells, (now eliminated). 

This is shown on the circuit diagram, fig. 2 
chart 184. The button next to (B) con¬ 
trols the cowl and tail lights. The next but¬ 
ton controls the head lights. The button on 
the right controls the dimmer. 


*An automatic principle is explained on page 248, although the construction is different in chart 
117, the principle or idea will be made clear by a study of same. The Delco Oo. also produce the 
non-automatic system, which is used on small four cylinder cars. Dayton Engineering Laboratories, 
Dayton. Ohio is address of the manufacturers. 

tSee charts 229 to 234, "Specifications of Leading Cars" for those using the Delco system. 





Pig. 1. Illustrating the Delco ignition system. The distributor and timer are mounted on the 

side of the motor-generator. The timer and distributor shaft is driven from the pump shaft, which is 
driven by gear from crankshaft. This distributor and timer could be mounted separate from the motor- 
generator. The ignition coil (see fig. 4, page 378), in this instance is mounted on the distributor, it could 
also be mounted separate on the dash or elsewhere. 

When either the ignition switch M or B is polled out, on the combination switch it 
closes the circuit between the generator and the storage battery at the contact (X) below, 
and starts the armature of the generator turning over slowly so that the gears can be 
meshed. In other words, the generator acts, for the time being as a motor. 

The (M) button on switch closes the ignition circuit at (XI). 

•The (B) button closes the dry cell ignition circuit at (X2). 

“M” is intended to mean “magneto” side for ignition but in reality the source of 
electric supply is not from magneto at all. The current for ignition is usually given by 
the storage battery to start with. After engine is started, the generator (not magneto) 
supplies current, after certain speed (see pages 244 and 341, why called “magneto ignition”) 

The letter “M” was not intended by Delco to mean “magneto.” It was intended for the 



IKABT NO. 184—The Delco Ignition System with Automatic Control of Spark Advance. See 
>ages 377 and 378 for description of timer, distributor and coil, etc., and chart 188, for description 
f the automatic advance mechanism. 

*On the latter Delco ignition systems (pages 877 and 8781 the *‘B" switch has been eliminated 































































































































DELCO IGNITION SYSTEMS. 377 


Delco Circuit Breaker. 

The circuit breaker is mounted on the 
combination switch as shown In flg. 1, chart 
184. This unit is a protective device, which 
takes the place of a fuse block and fusee. 

It prevents the discharging of the battery 
or damage to the wiring to the lamps, horn, 
or ignition, in case any of the wires leading 
to these parts become “grounded.” As long ^ 
as the lamps, horn and ignition are using the 
normal amount of current the circuit breaker 
is not affected. But in the event of any of the 
wires becoming grounded, an abnormally 
heavy current is conducted through the cir¬ 
cuit breaker, thus producing a strong mag¬ 
netism, which attracts the pole piece and 
opens the contact. This cuts off the flow of 
current which allows the contacts to close 
again and the operation is repeated, causing 
the circuit breaker to pass an intermittent 
current and give forth a vibrating sound. 

It requires 85 amperes to start the circuit 
breaker vibrating, but once vibrating, a current of 
three to five amperes will cause it to continue to 
operate. 

In case the circuit breaker vibrates repeatedly, 
do not attempt to increase the tension of the 
springs, as the vibration is an indication of a 
ground in the system. Remove the ground and 
the vibration will stop. 

Circuit Breaker Troubles. 

If the circuit breaker Indicates a grounded 
wire, the cover of the junction box on the dash 
should be removed, and the line which is ground¬ 
ed should be opened at the -terminal on the junc¬ 
tion block. If the circuit breaker stops vibrat¬ 
ing when this is done, the ground must be in 
the line after it leaves the junction box. If it 
continues to vibrate, however, the ground is 
in the switch or ignition circuits. 

In case the circuit breaker continues to vibrate 
when all buttons on the combination switch are 
depressed, the trouble is almost sure to be in 
the horn or its connections. 

fTbe Ammeter. 

Purpose: The ammeter on the right side 
of the combination switch (page 388, 378), is 
to indicate the current that is going to or 
coming from the storage battery, with the 
exception of the cranking current. When 
the engine is not running and current is 
being used for lights, the ammeter shows 
the amount of current that is being used, 
and the ammeter hand points to the dis¬ 
charge side, as the current is being dis¬ 
charged from the battery. 

When the engine is running above generat¬ 
ing speeds, and no current is being used 
for lights or horn, the ammeter will show 
charge. This is the amount of current that 
is being charged into the battery. If cur¬ 
rent is being used for lights, ignition and 
horn, in excess of the amount that is being 
generated, the ammeter will show a dis¬ 
charge, as the excess current must be dis¬ 
charged from the battery, but at all or¬ 
dinary speeds the ammeter will read charge. 

The approximate charging rate for different car 
speeds when no current is being used for lights 
or horn, is given in the curve on page 390. 

Location. The ammeter would be placed in the 
line from connection (1), flg. 2, chart 184—to 
the (+) or positive terminal of battery. The 
ammeter is not shown connected up in this draw¬ 
ing, but by referring to the upper illustration on 
page 388 and 891 the location is clearly shown. 

•All Delco systems are not automatic—see pages 
• ••When the ignition is too far advanced, it causes It 
When ignition is too late or retarded there is a 
ing by an experienced driver or one very familial 
cessive consumption of fuel is the result. 


♦Delco Distributor and Tinier. 

The distributor and timer, together with 
the ignition coil, spark plugs and wiring 
constitute the ignition system. 




Fig. 8—Illustrates the modem Delco dis¬ 
tributor and timer. Note the distributor is 
above the timer—Buick six as an example. 

The distributor and timer shaft (8) is 
driven by a gear, shown to the right, which 
is driven by an extension of the pump shaft. 

The pump shaft, although it revolves 1% 
times crank shaft speed, the vertical dis¬ 
tributor and timer shaft (S) is driven at 
one-half crank shaft speed. 

Although there is a “clutch” in the driv¬ 
ing gear which operates gear on distribu¬ 
tor shaft, both are driven at a fixed speed 
by pump shaft. To understand this, see 
“generator clutch,” page 386. 

The distribution of the high tension or 
secondary current from “ rotor-button ” 
(K), flg. 8, to spark plug terminals (E) 
is similar to other systems as Atwater-Kent, 
Connecticut and others, pages 248, 254, 245. 

Distributor rotor (R), flg. 8 distributes the high 
tension current from the renter of distributor 
(CC), to the spark plug terminals (E). The high 
tension current is brought from coil to distribu¬ 
tor center at top (1), thence carried through 
(CC), through rotor (R) to spark plug terminals 
(E). Rotor button (K) should be kept clean. 

Distributor-head if removed, must be put back 
in proper position, otherwise the rotor brush (K) 
will not be in correct contact with spark plug ter¬ 
minal (E) at the time the spark occurs. Lubri¬ 
cation of this device, see page 897. Distributor 
head can be removed for cleaning. 

♦Automatic Advance of Spark. 

Advance and retard is obtained by shift¬ 
ing by hand that part of mechanism as 
shown attached to the “advance lever” 
fig- 8, in addition to the automatic advance. 

An explanation of the automatic advance of 
spark and the advantages of same are given on 
pages 246, 249, 807 and 248. 

Why Hand Control Also. 

The reason is explained on pages 246 and 249, 
see also page 807. 

♦♦Position of Spark Lever. 

With the spark lever set at the running posi¬ 
tion, which is about % way down (Buick, page 
497 as example), the automatic feature of the 
timer given the proper sperk for all speeds; ex 
cept a wide open throttle at low speed, at which 
time spark should be slightly retarded. 

394 and 395. tSee also page 415. 

of power and a knocking, due to too early ignition, 
loss of power (which is usually not noticed except- 
■ with the car) and heating of the engine and ex- 
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Delco Timer. 

Also termed “interrupter,’’ or contact 
breaker’* is mounted directly under the dis¬ 
tributor and operated from the same shaft 
which drives the distributor—see fig. 8. 

The governor advances the cam as the 
speed increases. By referring to page 248 
the governor principle will be made clear, 
although construction may vary, the purpose 
or principle is the same. 



* Delco timers are made both open and 
closed-circuit principle. The latter being 
used most. 

Fig. 6.— Open-circuit type; D —stationary 
contact; B—movable spring blade with 
other contact—both insulated; A —cam which 
raises (B) and closes contact with (D); T— 
are primary terminals (one is sometimes 
grounded). 

Fig. 7.— Closed-circuit type; D and C are 
normally closed; movement of projections 
on breaker cam opens the contact (DC); 
H —is insulated terminal from primary coil 
winding, connected with point (C) ; D —is 
arm with other contact point and is ground¬ 
ed (on some of the Delco timers this is just 
the reverse) ; B —projection on arm (D) 
which is raised or lowered by lobes on cam. 

As a matter of dlstlngushlng the difference, sup¬ 
pose we term fig. 6 a timer and fig. 7 an inter¬ 
rupter —see page 225. 

Adjusting Delco Contact Points. 

To adjust the closed circuit Interrupter 
points, loosen the lock nut (N) and raise or 
lower screw (C), fig. 7. To do this crank 
engine by hand, until (B) is on top of cam 
lobe or projection. The space should then 
be adjusted to .018 or .020 inch, (see also 
pages 132 and 245.) 

To adjust the open circuit timer points, 

the breaker arm (B), should be off the 
cam lobe A, fig. 6. 

To Time Delco Ignition. 

See instructions given on pages 132 and 729 
(Cadillac) and pages 390 and 245. 

Spark Plug Gap 

is about .025. If gaps are too wide, missing will 
occur when accelerating at very low speeds and 
hard pulls; if too close will miss at idling and 
high speeds. 

Delco Ignition Coll 

Is a regular double-wound high tension 
coil without a vibrator, per fig. 4, page 246. 
It is usually round and is sometimes mount¬ 
ed to the side of the motor-generator, per 
page 376. It is also termed a transformer 
colL 

A condenser is incorporated in it, per page 245, 
fig. 4. All high tension coils must have condensers. 

An Ignition resistance unit is mounted on rear 
end of coil, sometimes it is mounted on timer, per 
page 392, fig. 37. 


Primary Current. 

The primary current is supplied through 
the combination switch and resistance unit 
on the coil, through the primary winding, 
to the interrupter contacts. This is plainly 
shown on the circuit diagram, chart 184. 

It is the interrupting of this primary current 
by the timer contacts, together with the action 
of the condenser, which causes rapid demagnetisa¬ 
tion of the iron core of the coil that induces the 
high tension current in the secondary winding. 


Secondary. 

Secondary winding; one end terminate! at the 
high tension terminal midway of coil, (see fig. 4, 
page 245)—thence conducted to distributor at 
point (I), fig. 8, page 377. 

Condenser 

principle is explained on page 228. A de¬ 
fective condenser will cause excess sparking 
at contact points and missing at low speeds, 
(see page 245.) 

Ignition Resistance Unit. 

The Ignition resistance unit which la 
shown on the coll in fig. 4, page 246, Is for 
the purpose of obtaining a more nearly uni¬ 
form current through the primary winding 
of the ignition coil, at the time the breaker 
points open, (see also page 246.) 

It consists of a number of turns of Iron wire, 
the resistance of which is considerably more than 
the resistance of the primary winding of the igni¬ 
tion coil. If the Ignition resistance unit was not 
in the circuit and the coil was so constructed to 
give the proper spark at high speeds, the primary 
current at low speeds would be several times its 
normal value with serious results to the timer 
contact. This is evident from the fact that the 
primary current is limited by the resistance of 
the coil and resistance unit and by the impedance 
of the coil. 

(Impedance is the choking effect which opposes 
any alternating or pulsating current magnetizing 
the iron core.) The impedence increases as the 
speed of pulsations increase. At low speeds re¬ 
sistance of the unit increases, due to the slight 
increase of current heating the resistance wire. 

Delco Combination Switch. 

The Delco switch used on the Buick-six is 
shown below. Note “B” switch, referred to on 
page 385 has been eliminated. 



HL—headlight switch; X-HL—auxiliary head 
lights; RO—rear and cowl or instrument lights; 
ION—ignition switch which controls the ignition 
circuit and also closes the circuit between gen¬ 
erator and storage battery. 



,1 11 ? © 
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View showing terminals of Delco 
combination switch. 


Note—On above ammeter the discharge side is to the right. The meter on page 415 discharge is to 
the left—this varies on different systems. 

*'Whenever the spring (which is always present on breaker arm) forces the arm against the cam. 
it is an “open circuit” type and when spring forces contact parts together, it is of the “cloeed cir¬ 
cuit” type. 
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Fig. 1. 
generator. 


The mounting of the 1914 Delco motor- 
is similar to the later models. 
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Fig. 2. When starting, push “start button,” this 
■ends current from the battery to the generator 
(not motor) armature, through the field and it re¬ 
volves slowly. Note: Motor brush is up and makes 
contact at G for the generator. 



Flg* 3. The motor brush Is now down and starting 
sue tor 1* working. Generator is cut out. 
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Phantom view of motor-generator. 


The 1914 
Cadillac and 
1914 Hud¬ 
son “6-40,” 
Delco mo¬ 
tor - genera¬ 
tor is locat¬ 
ed along 
side of the 
engine dri¬ 
ven by pump shaft. 
The armature is used for 
both the starting motor and 
orator with two wind- 
_ . one “series” winding 
for the motor, fig.. 3, and a 
“shunt” winding for the 
generator. 

When the motor Is In 
operation, the current flows 
from battery to the series 
winding through the motor brush and com¬ 
mutator. 

When the generator Is In operation, the motor 
brush is raised at (F) fig. 2. The generator 
brushes remain on commutator at all times. The 
current then flows through the “shunt” winding. 

The starting motor drives the flywheel gear 
through the gears 0, D and B (flg. 4). A roller 
type clutch is provided on the fj-ont part of 
armature shaft, so that the armature is free 
from the pump shaft which drives the generator. 

The armature is driven by connection with 
pump shaft by engine, after engine is started 
and starting gears are out of mesh. 

A one-way clutch connects the pump shaft 
with armature shaft to drive generator. This 
clutch will permit the pump shaft to drive gen¬ 
erator, but generator armature when running 
as a motor cannot drive the shaft (see index 
“generator clutoh” explaining action of a one¬ 
way clutch). 

Starting Operation. 

First: Place ignition switch on battery side. 
Next; depress starting button on dash (see flg. 
2). This sends current from the storage bat¬ 
tery to the generator (not the motor) and in 
passing through the generator field shunt wind¬ 
ing, and armature winding, the armature slowly 
revolves. 

The purpose In using the generator as ' a 
motor Is to revolve the armature slowly, so that 
gears will mesh with flywheel gears when the 
starting lever throws them in mesh. It must be 
remembered that the brush on starting motor 
commutator is not in contact, but being in the 
position as shown in flg. 2, the generator circuit 
it dosed at G, but not the motor circuit. 

Next, after generator armature Is revolving 
slowly, pull back on starting lever. 

This causts rod “A” 
to be pushed forward, 
causing gear “B” of 
the starting clutch to 
mesh with motor pinion 
“0.” Immediately after 
gears “B” and “0” 
are meshed, the gear 
“D” which is integral' 
with “B.” meshes with 
the gear teeth on the fly 
wheel, and at the same 
time, the extension of 
the rod “A” to the bell 
crank “E” allows the 
motor brush “F” to 
travel toward the motor 
commutator, opening the 
generator circuit and 
shunt field at “G“ and 
closing the motor cir¬ 
cuit. 

The generator would 
then be cut out and the 
starting motor is re¬ 
volving engine through 
the fly wheel, (flg. 3.) 


ro SPARK PiUOS 
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CHART NO. 185—Tlie 1914 Delco Starting and Generating System, explaining the first prin¬ 
ciples of the Delco system and how the one Armature serves for both the Motor and 
Generator. ^ 
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Fig. 8. 1U14 

Delco mercury 
type ▼ o 1t b g o 
regulator Is lo¬ 
cated along 
aide of .the cut out, both in the 
battery box or on the inaide of 
dash under hood. 


Purpose; to control the amount 
of current flowing from generator 
to the storage battery. (See chart 
168 explaining purpose of regu¬ 
lator.) 

Description: A magnet coil 

(A) surrounds the upper half of 
the mercury tube (B). Within 
this mercury tube is a plunger 
(0) comprising an iron tube with 
a coil of resistance wire (B). 
wrapped around the lower portion 
on top of mica insulation. One 
end of this coil is attached to the 
lower end of the tube, the other 
end being connected to a needle 
(D) carried in the center of the 
plunger. 

The lower portion of the mer¬ 
cury tube is divided by an insula¬ 
tion tube into two concentric 
wells, the plunger tube being 
partly immersed in the outer well, 
and the needle in the inner well. 
The space in the mercury tube 
above the body of the mercury 
is filled with an especially treated 
oil, which serves to protect the 
mercury from oxidisation, and to 
lubricate the plunger. A brack¬ 
et (H) serves to support the 
parts described. 


Generating Current. 

When the starting lever Is released, the spring throws the gears 
out of mesh, and at the same time raises ihe brush (F) from the motor 
commutator and closes the generator circuit again. The “start" 
button having been released in the first operation, the generator la 
now generating current, as the engine is running and driving the 
armature as a generator through pump shaft. 

The starting motor has served its purpose and is now cut out ! 

of operation, as the brush “F“ is away from motor commutator. | 

The principle of this mercury type of voltage regulator is as fol¬ 
lows: The generator, as stated previously, is driven from the pump 
shaft which is driven by gears in front of engine from crank shaft. 

After engine is started and hand starting lever disengages the gears 
out of flywheel, and motor brush “F“ is lifted off of motor commu¬ 
tator, the motor is cut out and the generator is now in action as it 
must run when engine runs, as the pump shaft is connected with ar¬ 
mature through a one-way clutch (see fig. 1, chart 185), which per- | 

mits the engine to drive armature, but the armature, when revolving < 

as a motor, cannot drive the engine only through the gears to fly- ! 
wheel. This clutch permits the armature to run ahead of the driv- ; 
ing shaft during the cranking operation. 

The generator now begins to generate current; but until engine is 
running at a speed which will turn generator armature fast enough 
to generate a pressure of 6 volts, or required amount to overcome 
the pressure or voltage of the storage battery, the current will pass 
from generator commutator 1, to 2, around the fine wire winding of 
cut out core (D), thence back to the other commutator brush 15. 

This current will continue to travel in this path until it has suffi¬ 
cient pressure, which Is slightly over 6 volts, to magnetize the core 
(D) so that it will draw the magnet armature of cut out (O) down— 
when circuit is closed to battery. Battery will then be charged from 
generator, or generator will also supply current for light. At other 
times, the storage battery supplies current for lights. 

If engine is speeded up, the pressure increases and lights would be 
burnt out, therefore, the mecury regulator is brought into action. 

As the voltage increases with speed, the intensity of the magnetic 
pull exerted by the magnet coil “A” upon plunger “0“ causes the 
plunger (0) to move up out of the mercury. 

Mow the current to the shunt field (17) of the generator must fel¬ 
low a path leading Into the outer well of mercury, through the re¬ 
sistance coil (R) wound on the plunger tube, to the needle carried at 
the center of the plunger, into the center well of mercury and oat 
of the regulator. 

It will be seen that as the plunger Is withdrawn from the mercury, 
more resistance is thrown into this circuit, due to the fact that the 
current must pass through a greater length of resistance wire. This 
greater resistance In the field of the generator causes the amount of 
current flowing to the battery to be gradually reduced as the battery 
nears a state of complete charge, until finally the plunger is almost 
completely withdrawn from the mercury, throwing the entire length 
of resistance coil into the shunt field circuit, thus causing a condition 
of practical electric balance between the battery and generator, and 
obviating any possibility of over charging the battery. As the speed 
decreases, the magnetic pull of the core (A) is weaker and plunger 
“0” assumes a lower position. 

The late Delco system does not use the automatic 44 cut-out 44 or 
“mercury type” regulator. 


HART NO. 186—The 1914 Delco Generating System. Action of the Mercury Voltage Regulator, 
'his regulator is not now used but shown in order to explain the principle. 
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INSTRUCTION No. 28 -B. 

* DELCO ELECTRIC STARTING, GENERATING, LIGHTING 
AND IGNITION SYSTEM: Generators. Motor Genera¬ 
tors. Early System. Regulation Methods; mercury, variable 
resistance and third brush. Principle and Theory of Delco 
Systems. Examples Delco Systems: Hudson, Buick, Cole, 
Oldsmobile, Cadillac. Motoring the Generator. Motor and 
Generator Clutches. Charging Rate Curve. 


Early Delco Electric Systems. 

- In order that the reader will understand 
the later Delco systems, it will be necessary 
to begin with the early models. A study of 
chart 185 and 186 is advised before pro¬ 
ceeding. 

One Armature Serves for Motor 
and Generator. 

It Is well to note, that Delco employs one 
armature, but two commutators on their 
motor-generators in the later Delco systems 
as well as the early systems. The motor 
commutator and the generator commutator 
can be placed both at one end of armature, 
which is the method employed on the Buick 
model D-44, also in 1914 model as per charts 
185 and 186, or the commutators can be at 
opposite ends of armatures, as per chart 188. 


Windings. 

Armature winding. There are two regu¬ 
lar ‘ 1 drum 9 9 type windings on the arma¬ 
ture, one for the generator and one for the 
motor. 

Field windings. There are two windings 
on the plain two pole (bi-polar) fields; a 
“series” for the motor and a “shunt” 
winding for the generator (see chart 187,) 
with the exception of the types that are 
regulated by the “reverse series” method, 
employing a third field winding. 

The motor series field winding is wound 
from strip copper. ' The generator shunt 
field winding, is separated from it entirely, 
and is brought out to the terminals on one 
end of the field coil. One of these is 
connected to the generator brush lead and 
the other to the bottom of the regulating 
resistance (B). See chart 187 and 188. 


Delco Regulation Methods. 


The “mercury” voltage regulator was 
used on the 1913 and 1914 models of the 
Delco system, as explained in charts 185 
and 186. This regulation system is now 
seldom used. 

♦♦♦The “third brush” regulation method, 
la the popular Delco principle now employed 
and will be explained further on. 


The “variable resistance” regulation is 
also used at the present time on some of 
the Delco systems. An example of this prin¬ 
ciple is shown in charts 187, 188, and 188D. 
The Hudson * * six-40 , f 9 Buick models * 1 38 
and 54 , 9 9 Cole i ‘ 6-50 ,9 page 392, used this 
system. As an example we will use the 
Hudson “Six-40.” 


Principle of the Delco “Variable Resistance” Regulation—Hudson 
“Six-40” as an example. 


The object or purpose of “regulation” of 
the output is explained in instruction twen¬ 
ty-seven, therefore we will not deal with the 
principle here but will take up the general 
construction. 

The variable resistance regulation Is ac¬ 
complished through a special resistance wire 
wound on a spool of non-inflammable ma¬ 
terial and mounted in the distributor hous¬ 
ing just back of the condenser as shown at 
B fig. 3, chart 188. 

♦♦By Inserting some of this regulating re¬ 
sistance on spool (B) In the shunt field cir¬ 
cuit at the higher speeds, the output is con¬ 
trolled automatically by the lever (C) and 


the same mechanism that advances the spark. 
The circuit can be readily understood by 
referring to the circuit diagram, chart 187, 
and from this circuit diagram it can be 
seen that all of this resistance is in the 
shunt field circuit when the arm G is at 
the top position; that is, at maximum speed 
(also see fig. 3, page 384). 

The “ignition resistance unit” (D) is 
grounded through the output resistance and 
is cut out of the ignition circuit when the 
arm it at the top position. This increases 
the intensity of the spark at high speeds. 
Note however, that it is distinct and sep¬ 
arate from the * ‘ regulating resistance unit. 99 


•Bee charts 229 to 282 for users of Delco electric systems. 
••See page 887 for different sises of resistance units to use. 
•••Sec also page 870. 
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The starting motor and generator, use the same armature. The starting motor is explained 
oharts. Therefore we will deal with the generator and winding and the circuits of wiring in this chart. 

When the generator is supplying the current, it comes from the forward terminals on the side of the 
generator through the wire 44 A" to No. 6 terminal on the switch (see below), and since Nos. 1 and 6 
terminals are connected (when either the 44 B" or 44 M" button on the switch is pulled out), it can be sees 
that there will always be current supplied to this switch for the lights, horn and ignition. The exeeei 
current flows through the switch wire 44 B" to the rear terminals on the generator and the heavy lead wire 
to the battery, thus charging the storage battery. 

An ammeter inserted in the “A” line would indicate the amount of current coming from the storage 
battery to the generator, in case the engine was not running, or the current being generated when the engine 
is running. 

The primary Ignition current is an intermittent current—it flows only when the timer contacts are 
closed. This current can be readily traced on the diagram. A high voltage is induced in the secondary 
winding of the ignition coil when the flow of primary current at the timer contact is broken. This causes • 
spark to occur at the plugs when the breaker contacts open. 

When the dry battery Ignition Is being used, the current is supplied in exactly the same manner as 
though it was coming from the storage battery; the ‘ ‘B” button on the combination switch closing tbs 
circuit between terminals No. 1 and No. 6, in order that the generator may be connected to the storage bat¬ 
tery for charging purposes. 

The regulation of the output of Fig. 2. 

generator in this particular sys- 
is controlled automatically by 
the lever 0 (see below and fig. 3. 
chart 188), which is raised and 
1 lowered by the action of fhe gov¬ 
ernor which cuts resistance into 
the shunt field winding at higher 
speeds; thereby weakening the 
strength of the fields, consequent¬ 
ly the output of generator. This 
is called 4 'variable resistance" 
method of regulation. 
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OHABT 187—The Delco Electric System with “Variable Resistance Regulati on ” of Output of 
Generator and “Automatic Control of Spark” as used on the Hudson “Six-40.” A “single' 

unit ” “ single wire f ’ system. 
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The Control of the “Variable” 
Regulating Resistance—by 
governor action. 

Note the action of the governor which 
controls the cutting in and out of this re¬ 
sistance. (See fig. 3, chart 188). The spiral 
gear (SG) is attached to the timer shaft 
(TS), this gear is operated by the pump 
shaft independent of the armature shaft. 
This gear being a part of the clutch which 
connects with the pump shaft. If distribu¬ 
tor was driven from armature shaft the tim¬ 
ing would be affected during the starting 
operation, during which time the armature 
operates at a different speed than pump 
shaft. The pump shaft runs at one and one 
half times crankshaft speed, but the six 
lobe cam, and the shaft, operate at one half 
engine crank-shaft speed. 

As the timer shaft revolves the governor 
weights (G) assume a rising position which 
raises the arm (A), thereby raising the lever 
(C) which makes contact with the bare re¬ 
sistance wire (B), wound on an insulated 
spool. The principle is that as the speed of 
the engine increases the speed of the timer 
shaft increases and the governor arms (G) 
raise higher as the speed increases, thereby 
raising the arm (C) higher. 

The higher arm (C) is raised, the more of 
this resistance wire is thrown into the field 
circuit, thereby weakening the output and 
keeping the current from gaining as the 
charging rate increases at the higher speeds. 

The Automatic Advance of Ignition 
Controlled by Governor Action. 

At the samo time the timer cam on the 
end of the timer shaft is automatically “ad¬ 
vanced.” (As the speed is increased the 
action of the governor turns the timer cam 
in the direction of rotation) thereby caus¬ 
ing earlier contact. 

The ignition system is practically the 
same Delco principle described in previous 
instruction. 

The resistance unit shown at (D) fig. 3, 
chart 188, is a coil of resistance wire, the 
purpose of which was explained in a previ¬ 
ous instruction. See page 246. 

This ignition resistance unit has connected 
in parallel with it, the regulating resis¬ 
tance (B), fig. 3, chart 188, see also dia¬ 
gram, chart 187. 

When the arm “C,” is in the lower posi¬ 
tion, the resistance of this path greatly 
exceeds that through the resistance unit, and 
practically all the ignition current passes 
through the ignition resistance unit. 

But as the arm raises, as at high speed, 
this resistance is decreased, and when the 

Single Wire or 

The Delco wiring of the different parts 
are shown in figs. 1 and 2, charts 187. Note 
the single wire system is used in the illus¬ 
tration—the frame of the car being used to 
carry the return circuit. 


arm is at the top position the full voltage 
is applied to the ignition coil. 

In the event of the ignition resistance unit 
(D) being disconnected or burned out, it 
is impossible to get sufficient current 
through the regulating resistance, unless the 
arm “0 ” is held near the top. 

The Automatic “Out-Out” in this 
System not Used. 

On the early Delco system (chart 186), 
the “cut-out” served the purpose of discon¬ 
necting the generator circuit from the stor¬ 
age battery, when the generator was run¬ 
ning at slow speed and generating less than 
6 volts. The principle being the same mag¬ 
netic principle as described previously. 

On the system now being explained (chart 
187), and later systems, the “cut-out” is 
eliminated—The ignition buttons “M and 
B” in a way, takes the place of this cutout. 
The operation of either button controls the 
circuit between the generator and the stor¬ 
age battery. Should the engine stop and the 
ignition button (M or B) remained pulled 
out, the amount of current that comes from 
the storage battery is that which is required 
to operate the generator as a motor when 
first starting, and is about five amperes. 

When the engine is not running, or when 
it is running below 300 R. P. M. a nd the 
circuit between the generator and the stor¬ 
age battery Is closed by either the “M” or 
“B” button on the combination switch, the 
direction or flow of the current is from the 
battery to the generator and if the speed 
is very low indeed, as when throttled down 
to three miles per hour, the generator will 
over-run and the clutch will be heard in op¬ 
eration, as before stated. 

A warning is given when the ignition but¬ 
ton is pulled out or left pulled out (and 
engine were to stop) by the clicking of the 
ratchet type of driving clutch (see fig. 16, 
page 398), with which all these generators 
are equipped. 

When the engine is running below 300 
revolutions, then this clicking of ratchet 
will take place again, because the current 
from the battery is running back into gen¬ 
erator slowly revolving it. This indicates 
that the generator is not running fast 
enough to overcome the pressure of battery. 
The amount of current that flows from the 
battery back to the generator at this slow 
engine spe£d is so small that it is negligible, 
therefore the automatic “cutout” can be 
eliminated. 

Over 300 revolutions, the generator is 
running fast enough to overcome the bat¬ 
tery pressure. 

Grounded System. 

The generator, storage battery, motor, 
lamps, horn and ignition apparatus each 
have a connection * 1 grounded ’ ’ to some 
part of the frame of the car or engine. 
The other connections are made with cop¬ 
per wires or cables. 
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MOTOR 

CLUTCH 


ARMATURE 


FIELDfSERIES 
COIL \SHUNT 


OPERATES FROM 
STARTING PEDAL 


Pui 1 ® 3 ) 


SPIRAL 


CEARS 


MOTOR 
COMMUTATOR 


CENERATOR 

COMMUTATOR 


The armature winding; there are two regular *' drum" type windings on the armature. One for 
the generator and one for the motor. But only one armature. There are two commutators on the He. 1 
lyatem, one at each end; one for the generator oircuit and one for the motor circuit. 

The generator brush (OB), remains on the generator communitator, but the generator circuit (11. 
Ig. 2), is opened when the motor brush (MB), is in action starting the motor. 

The motor brush is raised and lowered to the motor commutator, by the motor brush switch (1). 
When the engine is started and starting pedal is released, the motor brush switch (rod ▲), rai se s the 
motor brush and opens the motor circuit and closes the circuit to generator at (11). 



MOTOR 

BRUSH 

SWITCH 


AUTOMATIC RECULATINC 

SPARK RESISTANCE 



SPARK CONTROL 


d*r*] 


Generator brush (GB), remains on generator com- 
nutator. Generator circuit is opened and closed 
>y action of switch (11), raising motor brush (MB). 

(HO), connects with steering post spark lerer 
ind is called the manual control of spark. 

(G), Governor on the timer shaft —operates 
sitting in resistance wire at (B), by centrifugal sc- 


tion as speed increases it raises and actuates lew 
(O), through rod (1). It the same time tka 
timer contact on end of shaft is made to brail 
earlier, thereby advancing time cf ignition. Spiral 
gear (8G), drives timer abaft from another spiral 
gear (see flg. 1), on outer shell of generator driv¬ 
ing dutch. 


ABT NO. 188—The Delco Motor-Generator with Automatic Spark Advance and “Vadft* 
Resistance Regulation” of Field Current or Output of Generator. (See ehart 187 for wfr 
ing diagram.) Hote commutator on each end of armature. 
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Starting Operation, to Explalp Diagram Page 382. 

* ‘Hudson” Six-40 as an Example. 

(1) Poll out ignition switch *M or B. If M, current for ignition is taken from circuit (1), 
storage battery (page 382). If B, switch is pulled out,Ignition is taken from dry cells (2). 
In both instances the generator circuit is closed at (X), and generator armature (now 
acting as a slow running motor), turns over slowly so that starting gears (fig. 1, chart 
188), can be meshed. See page 399—“motoring the generator." 

(2) Depress “electric starter pedal" (fig. 2 above); this action lowers motor brush (MB) 
and opens the generator circuit at (A1—fig. 2, page 382)—see figs. 1 and 2, page 384 
and note rod (A), which operates this brush (MB) on “motor" commutator, when gear 
is shifted into fly wheel gear. 

(8) After engine Is started—starting pedal is released—gears are then thrown out of mesh— 
the motor brush (MB) is raised and generator circuit closed at (Al). Therefore the 
starting motor is cut out by brush (MB) being raised and generator is in action. The 
generator brush (GB) remains on its commutator at all times. The opening and closing 
of its circuit being at (Al). 

Note—When either the "M" or ‘ *B" button is polled out and the armature is revolving, a clicking 
sound will be heard. This is the operation of the generator clutch. This clicking sound will serve as a 
reminder that the ignition circuit is dosed. When the a engine is stopped or stalled, do not leave either 
the **11" or "B" button pulled out, as the battery will discharge through the generator. 

1918 Hudson Starting Operation. 

By referring to page 391, the 1918 electric system is shown. Note there is but one igni¬ 
tion switch (IGN). The dash board is similar except—a different gasoline regulator and air 
control is used (fig. 3). The gasoline tank is also on the rear (page 204). A Stewart vacuum 
system is used. 

(1) See that the “gasoline feed regulator lever" is in the center position. 

(2) See that the gasoline “air control lever" is in the “hot" position. 

Note that the gasoline regulator lever should be moved over to the “rich” position to facilitate start¬ 
ing in cold weather. When this is necessary, the air control lever should be moved over to the "choke*’ 
position for a moment when cranking, and should be moved back to a position midway between 1 'choke'* 
and "hot" as soon as the engine starts. If this is not done, the engine will draw too rich a mixture. 
This applies only when the engine is cold. 

(3) Have the throttle lever an inch from the bottom of the quadrant and 
the spark lever about three inches from the top of the quadrant. . (In 
cold weather it may be necessary to open the hand throttle a little 
farther than in warm weather.) 

(4) Pull out the Ignition button (IGN) on the combination switch as far as 
it will come. 

(5) Have the left foot ready to use on the accelerator when the engine 
starts, and with the right foot press down gently on the starting pedal. 

(6) After engine starts release starting pedal. 



2HABT NO. 188A—Starting Operation Delco Electric System—on the Hudson “Six-40" as a 
Wnple. Also 1918 Hudson Starting Operation. *m— on the early Delco system means ignition thro**' 
rtorage battery or generator (not magneto); B —through dry cells or an auxiliary battery for starting. 
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Delco Starting and Generating System Usin g a “Third Brush” Regulation. 


This system is similar to previous Delco 
system described, except in the “regula¬ 
tion” of current and miner details. We 
will use this system, to more completely 
describe the generator and it’s functions. 
The Delco system on the Buick D 54 and 
D 55 will be used as examples. 


♦Delco Motor-Generator Principle. 

The motor-generator is located on the 
right side of the engine (chart 188-B). 

This consists essentially of a dynamo with 
two field windings, and two windings on the 
armature, with two commutators and cor¬ 
responding sets of brushes, in order that the 
machine may work both as a starting mo¬ 
tor, and as a generator for charging the bat¬ 
tery and supplying current for the lights, 
horn, and ignition. 

The ignition apparatus is incorporated in 
the forward end of the motor-generator. 
This in no way affects the working of the 
generator, it being mounted in this man¬ 
ner simply as a convenient and accessible 
mounting. 

The motor-generator has three distinct 
functions to perform, which are as follows: 
1—motoring the generator. 2—cranking 
the engine. 3—generating electrical energy. 


♦♦“Motoring” the Generator. 

“Motoring” the generator means to use 
the generator armature temporarily as a 
motor. The purpose of using the generator 
as a motor is to revolve the armature slow¬ 
ly. so that the gears will mesh with fly 
wneel gears when starting. If the current 
was immediately applied to starting mo¬ 
tor, it would revolve at full speed immedi¬ 
ately. By ”motoring the generator” how¬ 
ever, the armature revolves slowly until 
gears are meshed, then the full current is 
applied to starting motor. 

This operation is accomplished when the 
ignition button on the switch is pulled out. 
This allows current to come from the stor¬ 
age battery through the ammeter on the 
combination switch, causing it to show a 
discharge. The first reading of the meter 
will be much more than the reading after 
the armature is turning freely. The current 
discharging through the ammeter during this 
operation is the current required to slow¬ 
ly revolve the armature and what is used 
for the ignition. 

Meshing * gears. This motoring of the 
generator is necessary in order that the 
starting gears may be brought into mesh, 
and should trouble be experienced in mesh¬ 


ing these gears, do not try to force them, 
simply allow the starting pedal to com 
back, giving the gears time to change their 
relative position. 


Generator Clutch. 

A ftiicMng sound will be heard during 
the “motoring of the generator.” This 
is caused by the “over-running of the 
clutch” in the forward end of the generator 
which is shown in (fig. 1, chart 188-B and 
fig. 16, page 398). 

The purpose of the generator dutch is to 
allow* the armature to revolve at a higher 
speed than the pump shaft during the crank 
ing operation and permitting the pomp 
shaft to drive the armature when the en¬ 
gine is running on its own power. Spiral 
teeth are cut on the outer face of this 
clutch for driving the distributor. This 
portion of the clutch, is connected by an 
Oldham coupling to the pump shaft. There¬ 
fore, its relation to the pump shaft ie al¬ 
ways the same and does not throw the igni¬ 
tion out of time during the cranking op¬ 
eration. 

Lubrication of clutch is from the oil that 
in contained in the front end of the genera¬ 
tor which is put in at B (fig. 1, ehart 
188-B.) This is to receive oil each week 
sufficient to bring the oil up to the level of 
the oiler. 


Cranking Operation. 

The cranking (engine starting) operation, 
takes place when the starting pedal is fully 
depresed. The starting pedal brings the mo¬ 
tor clutch gears, (fig. 1, chart 188-B) into 
mesh and withdraws the pin P, (figs. 1 and 
2) allowing the motor brush switch to make 
contact on the motor commutator. At the 
same time the generator switch breaks coo- 
tact. This cuts out the generator element 
during the cranking operation. 

As soon as the motor brush makes con¬ 
tact on the commutator, a heavy current 
from the storage battery flows through the 
series field winding and the motor winding 
on the armature. This rotates the arma¬ 
ture and performs the cranking operation. 
The cranking circuit is shown in the heavy 
lines on the circuit diagram (lower illus¬ 
tration.) 

This cranking operation requires a heavy 
current from the storage battery. If the 
lights are on during the cranking opera¬ 
tion, the heavy discharge from the battery* 
causes the voltage of the battery to de¬ 
crease enough to cause the lights to grow 
dim. 


•When the word “motor-generator*' appears coupled together this indicates they are combined 
in one unit. 

••See page 399 for principle, troubles and tests. • 
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Cranking current. This is noticed espe¬ 
cially when the battery is nearly discharg¬ 
ed; also will be more apparent with a stiff 
engine or with a loose or poor connection in 
the battery circuit or a nearly discharged 
battery. It is on account of this heavy dis¬ 
charge current that the cranking should not 
be continued any longer than is necessary, 
although a fully charged battery will crank 
the engine for several minutes. 

Ammeter readings daring cranking op¬ 
eration: During the cranking operation the 
ammeter will show a discharge. This is 
the current that is used both in the shunt 
field winding and the ignition current; the 
ignition current being an intermittent cur¬ 
rent of comparatively low frequency, will 
cause the ammeter to vibrate during the 
cranking operation. If the lights are on, 
the meter will show a heavier discharge. 

The main cranking current is not con¬ 
ducted through the ammeter, as this is a 
very heavy current and it would be impos¬ 
sible to conduct this heavy current through 
the ammeter and still have an ammeter that 
is sensitive enough to indicate accurately the 
charging current and the current for lights 
and ignition. 

As soon as the engine fires the starting 
pedal should be released immediately, as 
the overrunning motor clutch is operating 
from the time the engine fires until the 
starting gears are out of mesh. They op¬ 
erate at a very high speed and if they are 
held in mesh for any length of time, there 
is enough friction in this dutch to cause it 
to heat and burn out the lubricant. There 
is no necessity for holding the gears in 
mesh. 


Motor Clutch. 

The “motor” clutch operates between the 
fly wheel and the armature pinion and is 
for the purpose of getting a suitable gear 
reduction between the motor generator and 
the fly wheel. It also presents the arma¬ 
ture from being driven at an excessively 
high speed during the short time the gears 
are meshed after the engine is running on 
its own power. 

This clutch is lubricated by the grease 
cup D, shown in (fig. 1, chart 188-B.) This 
forces grease through the hollow shaft to 
the inside of the clutch. This cup should 
be given a turn or two every week. 

How One Armature Is Used for Starting 
Motor also Generator. 

When the cranking operation is finished 
the motor brush switch is raised off the com¬ 
mutator by the pin (P) when the start¬ 
ing pedal is released. This throws the start¬ 
ing motor out of action. As the motor 
brush is raised off the commutator the gen¬ 


erator switch makes contact and completes 
the charging circuit. The armature is then 
driven by the extension of the pump shaft 
and the charging begins. 

Charging current: At speeds above, ap¬ 
proximately 7 miles per hour, the generator 
voltage is higher than the voltage of the 
storage battery, this causes current to flow 
from the generator in the charge direction 
to the storage battery. As the speed in¬ 
creases, up to approximately 20 miles per 
hour, this charging current increases also, 
but at the higher speeds the charging cur¬ 
rent decreases. 

The curve on page 390 shows approxi¬ 
mately, the charging current that should be 
received for different speeds of the car. 
There will be slight variations from this, 
due to temperature changes and conditions 
of the battery which will amount to ms 
much as from 2 to 3 amperes. The regu¬ 
lation of the generator current is explained 
on page 889. Which in this particular in¬ 
stance is the “third brush regulation.” 

Generating Electrical Energy. 

If we have a generator in which the mag¬ 
netic field remains constant and the gener&r 
tor produces 7 volts at 400 R. P. M., the 
voltage at 800 R. P. M. would be 14 volte, 
and it is on account of this variable speed 
of generator for automobile purposes that 
they must be equipped with some means of 
regulation for holding the voltage very 
nearly constant. The regulation of this gen¬ 
erator is by what is known as third bnufli 
excitation, the theory of which is as follows: 

•The motor-generator consists essentially, 
of an iron frame and two field windings, 
for magnetizing the pole pieces. The arma¬ 
ture, which is the revolving element, has 
wound. in slots on its iron core, a motor 
winding and a generator winding, connected 
to corresponding commutators. Each commu¬ 
tator has a corresponding set of brushes 
which are for the purpose of collecting cur¬ 
rent from, or delivering current to the ar¬ 
mature windings while it is revolving. 

When cranking, current from the storage 
battery flows through the motor winding, 
magnetizing the armature core and coils, 
and also the fields. This being acted upon 
by the magnetism of the pole pieces or the 
“field of force” between them causes the 
turning effort. 

When generating, the voltage Is Induced 
In the generator winding and when the cir¬ 
cuit is completed to the storage battery 
this causes the charging current to flow into 
the battery. 

How “direct” current Is obtained: The 
current flows in one direction in a given coil 
while under the influence of one pole piece, 
and in the other direction when under the 
influence of the opposite pole. If these cur- 


•fhe motor generator serves both as a generator and as an electric motor for cranking the engine 
when starting. There are two windings on the armature and two In the field— one on the armature 
and one on the field are used when the motor generator is used as a generator and the other wind* 
Inga when it is used as a motor. See Oadillac-Delco wiring diagram, page 896. 
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Fig. 1 

NOTE.—On the later models a change has been made in the oiler at B. 
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Fig. 2 


The output of 
generators can be In¬ 
creased or decreased 
by changing the posi¬ 
tion of the “third 
' brush.** Each time the 
position of the brash 
is changed it is neces¬ 
sary to sandpaper it 
so that it fits the com¬ 
mutator per page 404. 
Otherwise the charging 
rate will he very low, 
due to the poor con¬ 
tact. 

The charging iiitt— 
phould be carefully 
checked, and in ne 
case should the maxi¬ 
mum current on this 
generator excood 21 
amperes. Careful watch 
should be kept on ma¬ 
chine on which the 
charging rate has been 
increased, to see that 
commutator is not be¬ 
ing overloaded. 

Note generator clutch 
connects with pump 
shaft not shown (see 
page 377 how distribu* 
tor shaft is driven). 



AST NO. 188B—The Delco “Single Unit" System with “Third Brush Regulation* of th» 
Shunt Field Winding— system used on the Buick D54-D55. The cut-out is not used. 

On the “Bulck-six** 1018 modal—the generator and motor commutators are at front end of ai msly * 
The ignition coil (flg. 4. page 245), is placed on top of motor generator. Wiring otc. otherwise is simBtf 
♦See page 497 for dash board and control of the Buick. 
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rents were collected through “slip rings” in¬ 
stead of a commutator, they would be true 
alternating currents. But as we want “di¬ 
rect” current, we commute them (or turn 
them in one direction) through the medium 
of' a commutator. Each segment on the com¬ 
mutator represents one end of a coil or set of 
coils, dependent on the way it is wound. 
Inhere are many ways of winding and con¬ 
necting armature coils, but the principle is 
aa outlined above. 

'When the ignition button on the combina¬ 
tion switch is first pulled out the current 
flows from the storage battery through the 
generator armature winding, also through 
the shunt field winding. This causes the 
* ‘ motoring of the generator. ” 

After the engine is started and Is run¬ 
ning on Its own power this current still has a 


tendency to flow in this direction, but is op¬ 
posed by the voltage generated. At very 
low speeds a slight discharge is obtained. 
At approximately 7 miles per hour the gen¬ 
erated voltage exceeds that of the battery 
and charging commences. As the speed in¬ 
creases above this point the charging rate 
increases as shown by the curve (fig. 16, 
page 890). 

The Ignition current flows only when the 
contacts are closed, it being an intermit¬ 
tent current. The maximum ignition cur¬ 
rent is obtained when the circuit is first 
closed apd the resistance unit on the rear 
end of the coil, is cold. The current at this 
time is approximately 6 amperes, but soon 
decreases to approximately 3% amperes. 
Then as the engine is running, it further de¬ 
creases until at 1000 revolutions of the en¬ 
gine it is approximately 1 ampere. 


♦♦Third Brush Begulatlon. 


The regulation of this generator is effected 
by what is known as third brush excitation. 
From the foregoing explanation of the gen¬ 
erating of electricity and from the fact that 
the voltage generated varies directly with 
the speed, it Is evident In order to maintain 
a nearly constant voltage with a variable 
speed, it becomes necessary to decrease the 
magnetic field as the speed increases. 

Since the magnetic field of the genera¬ 
tor is produced by the current In the shunt 
field winding it is evident that should the 
shunt field current decrease, as the speed 
of the engine increases the regulation would 



Pig. 14. The Delco third brush regula¬ 
tion: The third brush (B) is adjustable. 

On the "single unit" Delco systems this 
brush is exposed when the front end cover 
of generator is removed. On all "two unit" 
systems the third brush is located on the 
lower side of commutator. 

Moving this brush in direction of rota¬ 
tion, increases the charging rate to battery. 

Moving brush in opposite direction de¬ 
creases the charging rate. 

be affected. In order to fully understand this 
explanation it must be borne in mind that 
a current of electricity always has a mag¬ 
netic effect whether this is desirable or not. 

Referring to (fig. 14) the theory of this 


regulation la as follows: The full voltage 
of the generator is obtained from the large 
brushes marked “O” and “D.” When the 
magnetic field from the pole pieces N and 
8 is not disturbed by any other influence 
each coil is generating uniformly as it passes 
under the pole pieces. 

♦The voltage from one commutator bar to 
the next one gradually increases, from zero 
to full voltage (dependent on position of 
coil to which commutator bar is attached). 

The voltage from brush O to brush E Is 
about 6 volts when the total voltage from 
brush C to brush D is 6% volts and 5 volts 
is applied to the shunt field winding. This 
6 volts is sufficient to cause approximately 
1% amperes to flow in shunt field windings. 

As the speed of the generator Is Increased, 
the voltage increases, causing the current to 
be charged to the storage battery. 

The charging current flows through the 
armature winding, 'producing a magnetic ef¬ 
fect In the direction of the arrow B. This 
magnetic effect acts upon the main 
magnetic field which is in the direc¬ 
tion of the arrow A with the re¬ 
sult that the magnetic field is twisted 
out of its original position in very much 
the same manner as two streams of water 
coming together are each deflected from 
their- original directions. This deflection 
causes the magnetic field to be strong at 
the pole tips marked G and F, and weak 
at the opposite pole tips, with the result that 
the coils generate a very low voltage while 
passing from the brush E to the brush D 
(the coils at this time are under the pole 
tips having a weak field) and generates a 
greater part of their voltage while passing 
from the brush G to E. The amount of this 
variation depends upon the speed that the 
generator is driven; with the result that 
the shunt field current decreases as the speed 
increases as shown in the curve (fig. 15.) 


♦Roughly speaking, sero potential is midway between the pole pieces and at maximum when leav¬ 
ing pole horns, as at points G and F. **8ee also page 025 for explanation of the Bljur third brush 
system and pages 348 and 845 for different generator regulation systems. 
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By this form of regulation it is possible 
to get a high charging rate between the 
speeds of 12 and 25 miles per hour, and it 
is with drivers whose average driving speed 
comes between these limits that more trou¬ 
ble is experienced in keeping the battery 
charged. At the higher speeds the charg¬ 


ing current is decreased. The driver who 
drives his car at the higher speeds requires 
less current, as experience has taught that 
this type of driver makes fewer stops ia 
proportion to the amount the car is driven 
than the slower driver. 


Regulating Charging Current. 


The output of these generators can be in¬ 
creased or decreased by changing the posi¬ 
tion of the regulating brush. Each time the 
position of the brush is changed it is nec¬ 
essary to sand paper the brush bo that it 
fits the commutator. Otherwise the charg¬ 
ing rate will be very low due to the poor 
contact of the brush. This should not be 


attempted by any one until thoroughly un¬ 
derstood, and this charging current should 
be carefully checked and in no case should 
the maximum current on this generator ex¬ 
ceed 22 amperes. Also careful watch should 
be kept on any machine on which the charg¬ 
ing rate has been increased to see that the 
commutator is not being overloaded. 





Fig. 16—Showing the amperage of the Delco generator at various speeds. Note 
the shunt field current decreases as the speed increases above 25 miles per hour. 

To read this chart, note the miles per hour are shown at the bottom, and the am¬ 
pere output at the' left side of chart. Example: At a car speed of 20 miles per hour 
what is the ampere output? Find 20 at the bottom and follow vertical line until it 
meets the black wave line, then follow horisontal line to the left edge and we find 14 
amperes,—the output at this speed. At higher speeds, say 36 miles per hour, the 
output drops to 11 amperes, and at 40 miles it drops to 9 amperes. 

Considerable variation (from the curve shown) in the output of different genera¬ 
tors, will be obtained as the generator is affected by temperature and battery 
conditions. 


*To Time the Delco Ignition. 


When timing the spark the cam A (fig. 7, 
page 378) is moved with respect to the shaft 
upon which it is mounted, which is done by 
loosening a screw (A) in the end of the 
shaft and again tightening it after the cam 
has been moved the desired amount. Turn¬ 
ing the cam in a clockwise direction, or to¬ 
ward the right, advances the time of igni¬ 
tion, and counter-clockwise, or to the left, 
retards it. To adjust timer, see page 378. 

To time Hudson-Delco; place spark lever at top 
of steering wheel quadrant. Place No. 1 cylinder 
piston on top of compression stroke. No. 1 cylin¬ 
der is due to fire in advanced position, when mark 
(A) on fly wheel reaches the pointer attached to 
the crank case. This may be observed through 
the inspection hole on the fly wheel housing left 

*See page 542—"Standard Adjustments." fAlso 
**See pages 548 to 546 for cars using Delco system. 


side of engine. Mark (A) is before top cen¬ 
ter (top center is marked D-O-l A 6). 

Loosen cam and set to break at this point. The 
adjusting screw A, fig. 8, page 377 and fig. 7. 
page 378, on the cam must always be set tight 
after changing adjustment. The spark occurs at 
the instant timer contacts are open. 

In checking the timing, the cam should be held 
on tension in the opposite direction of rotation 
so that all back lash is taken up when rotor but¬ 
ton comes under No. 1 contact on distributor head. 

After checking the timing replace rotor (K), 
fig. 8, page 377. Rub a little vaseline on the 
rotor track of the distributor head before easing 
that it is down tight in position. 

fTo time Buick "six" and "four;" see page S4fi. 

To time Oadillac-Delco; see pages 132 and 729. 
for Buick "D44 to 47." 




















































DELCO STARTING, GENERATING AND IGNITION SYSTEMS. 
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Hudson-Delco 
Generator. 

▲ new feature of 
this generator whioh 
differs from the 
Hudson system in 
charts 187, 188, and 
188 A is the third 
brash method of reg¬ 
ulation as shown in 
chart 188B. Refer¬ 
ring to this chart, 
it will be seen that 
all the current pass- 
i n * through the 
shunt field winding 
must pass through 
this third brush. At 
the higher speeds of 
the armature the 
voltage at this third 
brush decreases, and 
less current will fiow 
through the shunt 
windings thus weak¬ 
ening the magnetic 
field of the genera¬ 
tor. This decreases 
the output of cur¬ 
rent at high speeds. 

The output can be 
varied by adjusting 
the third brush; 
moving this brush 
to the left decreases 
the charging rate; 
moving it to the 
right increases the 
charging rate. 

The adjustment of 
»th« brush should 
not be changed ex¬ 
cept when absolute¬ 
ly necessary, and 
must be carefully 
checked to make 
sure that the charg¬ 
ing rate is not above 
the capacity of the 
generator or battery. 

The brush must be 
sanded to fit the 
commutator each 
time it is adjusted. 
(See chart 188-K. and 
L.) Poor contact low¬ 
ers the charging rate. 
If the charging rate 

Is materially Increased, the battery will be subjected to an overcharge and the voltage of the entire sys- 
tem will be raised. This will shorten the life of the lamps and battery and cause excessive burning 
of breaker contacts. 


Fig. 1. 



Motor Circuit. 

When the starting gears are meshed as explained on page 885, further depression of the starting 
pedal causes the generator switch to break contact, thus opening the generator circuit. When the 

starting pedal is fully depressed the motor brushes make contact with the mdtor commutator, thus clos¬ 

ing the motor circuit, and the cranking operation commences. The current now flows through the heavy 
cable and around the windings of the armature and motor field. During the cranking operation, current 

will fiow through the combination switch at contacts X-l, fig. 1, and through the shunt field winding. 

Thus the motor operates as a compound wound starting motor. 

Ignition Circuit. 

When the ignition button Is pulled out, contacts X fig. 1 are closed. This allows current from 
the storage battery to flow through these contacts, then through terminal 4 to the ignition coil; then 
through the primary winding of the ignition coil and the timing contacts to ground. The high tension 
part of the ignition system produces the spark at each spark plug when the engine is being cranked, 
causing the engine to start and run on its own power. Note when the engine is running and generator de¬ 
livering current to the storage battery, the ignition current is taken direct from the generator, Instead 
of from the storage battery. Otherwise the circuit is the same. 

Distributor and Timer. 

The distributor and timer Is separate from the motor-generator, and is carried on the front of the 
engine above the timing gears. It is driven by spiral gears from the pump shaft. 

To time the Ignition, see page 390. The timer is of the closed circuit type, fig. 7, page 878. 


OHABT NO. 1880—Hudson “Super-Six”—Delco Electric System; A “Two-unit” System. “Sin¬ 
gle, ’ ’ or grounded return wire. Ignition is 1 ‘ automatic advance,' 1 using a closed circuit type 
interrupter. See pages 382, 384 and 385 for Hudson “Six-40” Delco system. 

See page 437 for explanation of the resistance type * ‘dimmer” as shown above connected to 6 and 7. 
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COMMUTATOR 


TUi Dalco Bjnton differs from pro st w 
system explained, in that the starting me- 
tor is separate and employs the BenUi 
drive system as explained in chart 100. 

The generator therefore does not cmm 
bine the principle of a motor and generator. 
Only one commutator is used. 

The Held coil oontains the shunt winding, 
which is for the purpose of producing the 
magnetic Held, the connections of which 


COLE-DELCO 

COLE EIGHT 

STARTING MOTOR - SC PERATE 
BCMOIX DRIVE 


e/wcv/r 



&#/rcH 

Jt r 



-IBS 

mkj UM/ 


is 


"T ^ i. c ** rj,cr * * fSr **•"** 


COLE Wiring Diagram. 


uc j •<€ v««iT 


ere shown in the circuit diagram, and the 

S7T:/5tlocation of the coil is also shown; 

Variable resistance regulation” is cm- i 
ployed to control the output of generator 
as explained in chart 188, fig. 8. 1 

^icMrsNcc v»«it The charging current incre ases as the 

speed of the generator increases, until the 
regulating arm in the distributor moves on 
to the wire on the regulating resistance (see 
above), which inserts resistance in the 
shunt field circuit and decreases the 
strength of the magnetic field in the gen- 
U , ^ ^ -4 erator, thereby controlling the output er 

charging current. This is called the “va¬ 
riable resistance" regulation as previously 
explained. 

▲ “cut-out" is employed in this system 
to open and close the circuit between the 
battery and generator. This “eut-out" is 
not used on many of the other Deleo sys¬ 
tems. 

The timer fig. 87, is of the open circuit | 
type—see fig. 6, page 378. 


OHABT NO. 188D—Cole Eight—Deleo Electric System. The starting Motor is separate with a 
Bendix Drive System. The Regulation of current output is the “Variable Resistance method aa 
explained in chart 188. This is a grounded wire “two unit system. 11 A magnetic “cut-oat” it 
employed. 
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The Delco generator employs the "third brush" 
system of regulation as shown in flg. D, above and 
as previously explained. 

The wiring principle is the grounded return 
wire system. Note the wires are run in flexible 
conduit—see chart 188F. 

The Ipdtlon is similar to the other Delco 
systems previously explained with automatic ad¬ 
vance. The distributor and timer are located in 
front of the engine and driven by gears from the 
same shaft which drives the generator. 

The starting motor on the Olds is separate from 
the Delco generator. 

The starting motor is located back of the fly¬ 


wheel on the lower right side. This is a four-pole 
series wound motor, the circuit of which is very 
plainly shown in the circuit diagram (above). It 
will be noted that each field coil is connected in 
parallel with another field coil and each of these are 
m series with the armature winding. It is con¬ 
nected in such a manner that the armature is in 
the circuit between the two pairs of field windings. 

The starting switch is located on the toe board 
and connected in the circuit between the storage 
battery and the starting motor. The drive between 
the starting motor and flywheel is by means of the 
Edlpse-Bendlx gear which is entirely automatic in 
its performance. (See chart 188F). 


OHABT NO. 188E—Olds Eight—Delco Electric System: Starting Motor separate with Ben- 
dix Drive. Generator with * * Third Brush” Regulation. Ignition separate. A * ‘Three- 
unit” system. Automatic advance of spark. 
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Oldsmobile-Delco, electric diagram aa referred to on page 393. 
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A Delco electric sys¬ 
tem — ignition with 
non-automatic spark. 


luTTO*. 

THOUGHTS 


Fig. 2. Illustration shows a Delco system with 
non-automatic spark adTance and an armature with 
both commutators on one end. This illustration 
shows a diagramatie view while fig. 1, chart 188G 
shows the circuit view. 

The regulation is called the • 'reverse-series* '— 
see diagram in chart 188G. The principle other¬ 
wise is identically the same as other Delco systems. 


Ignition—Note the coil is mounted on the top 
of the'motor-generator, it could be mounted on the 
dash under the hood. 

The timer (see chart 188G) is a four point 
therefore for a four cylinder engine, note — 
resistance unit and condenser is mounted on timer 
in this instance, instead of the coil, aa per % 
4, page 245. 


OHABT NO. 188F—Oldsmoblle Eight—Delco Blectrlc System. Also see chart 188E. Anotitf 
Delco System is shown in fig. 2, which is a diagramatie view of system illustrated in chart 1880. 
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STARTING OPERATION 

Illustration shows the operation of the generator and the mot 
brush switches, both of which are operated by the Pull Rod “E. 
This also operates the starting gear. The complete starting oper 
tion is as follows: 

1. When either the “M” or “E” button on the Combinath 
Switch is pulled ont the circuit between the generator and -the stora 
battery is closed. The current will flow from the storage batte 
through the generator windings, which causes it to rotate slowly. 

2. As the starting pedal is pushed out, it operates the pull r< 
“E' 1 which causes the gear “J” of the motor clutch to mesh wi 
the motor pinion, and this causes the motor clutch to rotate slow] 
As the pedal is pushed further out the gear “G" meshes with-t 
teeth on the face of the flywheel. 

3. As soon as the gears* are meshed on the flywheel, the pull r< 
*'E” raises the lower generator brush off the commutator. (Al 
see below). 

4. When the pull rod < 4 E' ' has been moved far enough by t' 
starting pedal to bring the gears fully in mesh, it then allows t 
motor brush to drop on the commutator and completes the crnakii 
circuit. 

After the Engine is started, the pull rod (E), throws gear {( 
out of mesh with fly wheel, mises the motor brush (MB), plac 
the generator brush (GB), on its commutator. (See below). 


The timer for s 
four-cylinder engine 
has but four ioosa, 
or projections. 
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OHABT NO. 1880 —The Deloo System where the Motet and Geserator Commutators are pli 
nd of Armature. Timer above open-elreuit type. (Late systems, (B) switch elimina 
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The Cadillac Eight—Moo 
system differs hut little front 
other Delco systems. The start* 
ing sod generating of currant 
is by means of one armature 
with commutator at each end. 
The “third brush" refutation 
system is employed. 

The general principle of 
meshing gears is as per pages 
3Tfl and BBS, 

See pages 132 and 133 for 
Delect Cadillac Ignition wiring 
diagram. 

The type 51 Cadillac used 
a 1 Variable resistance" in the 
shunt winding of generator, 
whereas the type S3, 54, 55. 
57 nsei the “third bruah" 
regulation as shewn above. 

See foot note bottom page 
3S7 relative to winding* on 
armature and field. 
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[ABT NO. 188H—Cadillac—Delco Electric System. Also see pages 132 and 133. This system 
is a “Two-unit” single or grounded return, system of wiring. 







































































































































































CASE, TESTS, ADJUSTMENTS DELCO ELECTRIC SYSTEMS. 997 


INSTRUCTION No. 28-C. 

CARE, TESTS AND ADJUSTMENTS OF DELCO ELEC¬ 
TRIC SYSTEMS: Lubrication. Size of Resistance Units to 
Use. Removing Generator Clutch. Testing for Defective 
Condenser and Ignition Coil. Testing Light Circuits, Short 
Circuits, Open Circuits, Armature, Field Windings, Etc. 
Volt-Ammeter for Testing. Principle and Construction of a 
Volt-Ammeter. Test Light. Hints for Locating Delco 
Troubles. Adjusting Third Brush Regulation. Commutator 
and Brush Adjustments, Etc. Repairing Commutator, Etc. 


Lubrication of tbo Ddoo System. 


There are live principal places to lubricate 
the Delco System. 1—The grease eup for 
lubricating the motor clutch (D) fig. 1, page 
S8S. fi- ■Oiler for lubricating the genera¬ 
tor dutch and forward armature bearing (B ) 
ft—The oil hole (0 ) for lubricating the bear- 
t»g> on the rear of the armature shaft. This* 
is exposed when the rear end cover is re¬ 
moved and should receive oil once a week. 
4—The oil hole in the dsitributor for lu¬ 
bricating the top bearing of the distributor 


shaft is at (A) and should reedve oil once 
a week. 5— 1 The inside of the distributor 
head. Lubricate with a small amount 
of vaseline, carefully applied two or three 
times during the first 2000 miles running 
of the car, after which it will require no 
further attention. It is desirable to secure 
a burnished track for the rotor brush on 
the distributor head. The grease should be 
sparingly applied and the head wiped dean 
from dust and dirt, (see page 377.) 


Sixes of Ddco Regulating Resi st ance Unite to Use. 


^Regulating reehttance spools shown at B, 
fig. 3, page 384, are individually suited to 
the generators in which they are installed 
and are marked. Those spools marked No. 
817 have the greatest resistance and conse¬ 
quently give the smallest charge. Those 
marked No. 701 to 703 have less resistance 
and give a greater charging rate—No. 703 
giving the greatest, and the others in pro¬ 
portion. 

Since the contact arm (O) (operated by 
the centrifugal governor) is on the lower 
coil when running slowly, the resistance 
spools will not affect the output at these 
speeds. It is at speed of over 20 miles an 
hour when the arm has begun to travd 
over the coil, that the amount of resistance 
in the circuit affects the output. 

In testing the output an ammeter should 
be inserted between terminal 6 and wire 
6 on the generator. (See fig. 2, page 
882). On no account should the output 
exceed 20 amperes, regardless of the speed 
of the ear. 


Between 15 and 20 miles an hour, the out¬ 
put should be 12 to 15 amperes, and will grad¬ 
ually decrease as the car speed increases. 

Before testing the output of the genera¬ 
tor the condition of the battery should be 
noted. A battery showing about 1250 grav¬ 
ity test is best adapted for checking the 
generator, (see pages 450 and 451.) 

In removing and replacing the resistance 
units great care should be exercised not to 
bend the contact arm so that it bears too 
hard on the spool, or so that it does not 
touch sufficiently hard to make a good con¬ 
tact. The former makes the arm stick when 
in the higher position, reducing the charging 
rate, and the latter increases the resistance, 
and causes arcing on the resistance unit, 
eventually burning it out. The resistance 
units ovast be snapped into place between 
the sprihg retainers so that there in a good 
contact. When there is no contact the gen¬ 
erator is not delivering any current. 


By ins telling a spool of larger sise wire the maximum charging rate is but slightly inoreased and 
a higher rate is secured above the maximum point. By installing the spool with the wide cep at the 
bottom the maximum charging rate is increased, with a corresponding increase at higher speed. 

*On the generators, which are driven at or near engine speed, the spool 702 is most often used, 
but 701 and 708 are sometimes used. On generators Nos. 52 and 58, which are driven at 1% times 
engine speed, spools Nos. 817 and 955 are used. This "variable resistance** regulation is now seldom 
used. The "third-brush" regulation being the modern method. 
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♦Cutout Adjustment. 


In order to adjust the cut out so that it 
acts at the proper time, two things must be 
kept in mind—the tension on the spring and 
the air gap between the armature and eore. 
The air gap has little or no effect upon the 
point of cutout, as this is governed by the 
spring tension. On the other hand, the cut¬ 
ting in is governed by both the air gap and 
the spring tension. 

Suppose, for example, that the cutout 
closes at 8 volts and opens on a discharge 
current of 2 amperes. To reduce the cut-in 
voltage, and in order to break the circuit 


on a 1-ampere discharge, the spring tension 
must be reduced. 

The cutout is supposed to operate be¬ 
tween 0*4 and 7% volts and the air gap 
should be adjusted accordingly. It is sup¬ 
posed to open when the discharge current is 
between zero and 1 ampere, and preferably 
as near zero as possible to reduce arcing. 

When properly adjusted the air gap should 
be approximately 1/32 in. when the con¬ 
tacts are closed by a slight depression with 
the finger. 


How to Remove the Delco Generator Clutch. 


Figure 16 gives two views of the genera¬ 
tor clutch. This clutch is removed from the 
armature and 
end frame 
assembly by 
loosening the 
screw in the 
end of the 
armature 
shaft and re¬ 
moving the 
lock washer 
and key wash¬ 
er. Cut a 


hole in the work bench about % inch larger 
in diameter than armature. Insert arma¬ 
ture through this hole. Allow the arma¬ 
ture and end frame to drop about two 
inches, being careful to have the end frame 
come squarely in contact with the bench. 

Hold the armature from below so that it 
will not be injured by striking the floor. 

The clutch is held together by a retain¬ 
ing spring wire which when removed al¬ 
lows the clutch to be disassembled for in¬ 
spection. (see page 386 explaining dutch 
action.) 



Miscellaneous Delco Tests. 


A defective condenser: The action of the 
timer contacts can be observed by remov¬ 
ing the distributor head and cranking the 
engine with the starter. A defective con¬ 
denser will cause serious sparking at the 
timer points. A slight spark at the timer 
points will sometimes be observed with a 
good condenser. 

The mechanic should familarize himself 
with the spark obtained, by removing the 
wire from one of the plugs and letting the 
spark jump to the engine. (Not to the 
spark plug.) A good coil will produce a 
spark with a maximum jump of at least % 
inch, provided other conditions are normal. 

flgnition Coil Tests. 

The ignition coil la readily tested by the 
test points. The primary circuit is tested 
between the terminals on the top of the coil 
at the rear. The secondary winding can be 
tested for open circuit by testing from 
the high tension terminal to either of the 


other terminals (see page 402). The 
test lamp will not burn when making this 
test on account of the high resistance of 
the secondary winding, but a spark can bo 
obtained when the test point is removed 
from the terminal. No spark will be ob¬ 
tained if the winding is open. 

A short circuit in the secondary winding, 
causes the spark obtained from a wire re¬ 
moved at the plug to be much weaker and 
will cause missing when the engine is pull¬ 
ing,. especially at low speeds. 

To Test Accuracy of Ammeter. 

Should the charging rate appear to bo ab¬ 
normally low with no apparent reason it is 
a good plan to check the ammeter by con¬ 
necting another meter in series with it. 

Reliable meters may become defective as 
automobile service is extremely, hard for a 
sensitive ammeter—see page 410. 

Testing Light Circuits. 

Bee pages 403 and 416. 


♦♦Principle of the Volt-Ammeter. 


A voltmeter and an ammeter, or a com¬ 
bination volt-ammeter is one of the moot 
important instruments that the mechanic can 
use in this work, and in order to explain the 
action of such a meter, see fig. 10. This 
shows the internal circuits of such a meter 
with full scale readings of—30 amperes, 3 
amperes, and 15 volts. 

The meter proper consists of a permanent 
magnet “M" between the poles of which 



is mounted a 
movable eefl 
“K” whisk 
carries the 
pointer. This 
part of the 
meter is very 
sensitive and 
carries only a 
voct-ah- small amount 
wK£r»of current. 


* Out-outs are not used on the late Delco system. ♦♦See also pages 414, 416, 410, 402, 453. 
tSee also page 284, 802. 
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♦♦When instrument is used as an ampere 
meter: In the average meter with the scale 
readings as given, the current in the differ¬ 
ent parts would be approximately as fol¬ 
lows: 

With the meter connected to give a full 
acale reading of 80 amperes (connect the 
lines to the terminal marked + and to the 
one marked “30-A”), the current would 
divide at the + terminal, the main part of 
which flows to terminal marked “30-A” 

29- 9/10 amperes flowing in this cir¬ 
cuit, and 1/10 amperes flowing through the 
eoil to terminal 3-A, through the shunt to 

30- A terminal. The 1/10 ampere through 
the movable coil is the amount required to 
give a full scale reading of the pointer. 

When the 8 ampere scale is used the cur¬ 
rent divides at the -f- terminal and 2-9/10 
amperes flows through both shunts to 3-A 
terminal, and 1/10 ampere through the 
eoil as before. The difference in the pro¬ 
portions of the total current that flows 
through each circuit, from the amount that 
flows through each circuit in the former 
ease, is due to the resistance of the 3-A 
•hunt. 

Voltmeter: When the instrument, (flg. 
10) is used as a voltmeter, connections are 
made to the positive terminal and the termi¬ 


nal marked “ 15 V” and the button must be 
pressed. This cuts out the shunts and con¬ 
nects in series the high resistance. This is a 
very high resistance and when the full vol¬ 
tage reading is taken there is 1/10 of an 
ampere flowing through the high resistance 
and the movable coil, which is the same 
amount of current that flows in it when it 
is used as an ammeter and it gives a full 
scale deflection—see also page 410, 414. 

The important points to remember when 
using an Instrument of this kind are as 
follows: 

1. Do not tost the storage battery with an am¬ 
meter as dry batteries are tested. (This will posi¬ 
tively rain the meter). 

2. In taking an ammeter reeding In the cir¬ 
cuit where the approximate flow of current Is not 
known, always use the highest scale on the meter 
and make the connection where it can be quickly 
disconnected in the event of a high reading. 

3. If the meter reads backwards reverse the 
wires to the meter terminals. The meter will not 
be damaged by passing a current through it in 
the reverse direction as long as the amount of the 
current is not over the capacity of the meter. 

4. No damage will be done by connecting a 
voltmeter as an ammeter, so long as the voltage 
of the system is not above the range of the volt¬ 
meter, but the ammeter should not be connected 
as a voltmeter. 

6. A high-class instr um ent of tme will 
stand a momentary overload of from 200 to 400%. 
If the nser is careful not to make his connections 
permanently until the cnirent is normal, he will 
very seldom injure the instrument. 


♦Test Points. 


Next to the combination volt-ammeter the 
most important testing arrangement for the 
mechanic is a set of “test points” to use 
in connection with the electric light circuit. 
This is very 
easily made by 
tapping one 
wire of an or¬ 
dinary exten¬ 
don lamp, splic¬ 
ing the wires 
onto suitable 
points with in¬ 
sulated handles in order that these may be 
handled with no danger of electrical shock. 

The circuit is shown in illustration. With a 
set of test points as described the lamp will 


bum when the test points are together or 
when there is an electrical connection be¬ 
tween the points. 

This will give more satisfactory results 
for testing for grounds, leaks or open con¬ 
nections than will a bell or buzzer used with 
dry batteries, as the voltage is higher and 
it requires a small amount of current to 
operate the lamp. With a bell or buzzer, a 
ground or open connection may not exist, but 
the resistance is so high that enough cur¬ 
rent will not be forced through it by the 
dry batteries, to operate the bell or buzzer. 

No harm can be done to any part of the 
Delco apparatus by test points as described 
above, when the ordinary carbon or tung¬ 
sten lamp is used in testing purposes. 



Motoring the Generator, Principle, Troubles and Tests. 


As stated on page 386, the motor-gen¬ 
erator performs three distinctly different 
functions; that is: 1—motoring the gen¬ 
erator, 2—cranking the engine, 3—generot-. 
mg electric energy. 

Whenever an armature is revolved with¬ 
in a magnetic field a voltage is induced in 
the armature winding. On a motor, this 
voltage epposes the voltage of the applied 
current, and is termed “counter electro-mo¬ 
tive force.” 

When the ignition button is first pulled 
out and the armature is not revolving, there 
is of course no voltage being generated, 
therefore a comparatively hqjvy current 


flows. After the armature commences to 
revolve this current decreases, due to the 
“counter-current” induced in the armature 
opposing that of the battery. Thus it can 
be noticed that the first reading of the am¬ 
meter will be much more than the reading 
after the armature is turning freely. 

fThe “motoring” of the generator Is one 
of the most important operations for the 
mechanic to familiarise himself with, as 
the same wiring and parts of the generator 
are used during this operation as when gen¬ 
erating. Therefore, if the apparatus will 
perform this operation properly, it is very 
sure to generate when driven by the engine. 


♦Bee pages 408. 418. tSee alao pages 886 and 387. **To test an ammeter for accuracy see pages 
898, 410. 
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Principle of a Motor. 



When current from the stor¬ 
age battery flows through 
the field winding it mag¬ 
netizes the pole pieces and 
creates a magnetic 
field between them, in 
which the armature 
revolves. Without go¬ 
ing too much into 
technical detail we 
will simply state that 
whenever a current 


<>* electricity flow, 
poles come to rest, near through a Wire there 
as possible to each other. ig a ma gn e tic “field 

of force ’ ’ created around it, see page 
221, and if this wire be formed into 
a loop, or closed coil and is placed in 
the “field of force” flowing between the 
poles of the motor—it swings around in ex¬ 
actly the same manner as a compass needle 
or two magnets (as in fig. 12) and will 
rotate until the unlike poles come to rest as 
near as possible to each other. This single 
loop will swing around until it places itself 
parallel with the lines of force that are flow¬ 
ing from N. to 8. pole and there it would 
come to rest or “dead center.” 


To overcome this dead center point it is 
necessary to have more than a single loop on 
the armature which you know is always the 
case. Each loop in turn tries to place itself 
in this parallel position and in so doing, 
helps pull the one already there away, due 
to the fact that they are all on the same re¬ 
volving piece. 

In a motor there is no current in any of 
the armature coils except those coils with 
ends fastened to the particular commutator 
segments that happen to be under the 
brushes. Each in turn receiving current as 
it comes under the brush. 


During the motoring of the generator the 
pole pieces are magnetized by the current 
through the shunt field winding. The arma¬ 
ture is magnetized by the current through 
the brushes and generator winding on the ar¬ 
mature. It is necessary that current flows 
through both of these circuits before the ar¬ 
mature will revolve. It is a familiar mistake 
to think that when current is passing only 
through the armature the armature should 
revolve. The shunt field current can be 
easily checked by disconnecting the shunt 
field lead from the generator at the ignition 
coil terminal. 


Ammeter reading when “motoring” gen¬ 
erator: The ammeter in this line should 
indicate approximately 1% ampere when 
the ignition button is pulled out. The am¬ 
meter on the combination switch can be 
depended upon to determine the amount of 
current flowing through the generator wind¬ 
ing during this operation. Both the igni¬ 
tion current and the shunt field current 
flow through this meter in addition to the 
current through the generator armature. 
The timing contacts should be open. This 


will cut off the ignition current and leave 
only the armature and shunt field current. 
Since the shunt field current is only 1\L 
amperes the reading of the ammeter will 
readily indicate whether or not current Is 
flowing through the generator armature. 

Tests for “Motoring” Generator. 

Should it be found that the cur re nt 
through both the armature and the shunt 
field windings is normal and the armature 
still does not revolve the trouble may be 
caused by either (1) the armature being 
tight mechanically, due to either a sticking 
driving clutch, trouble in the bearings or 
foreign particles jammed between the arma¬ 
ture and pole pieces. This can be readily 
tested by removing the front end cover of 
the generator and turning the armature 
from the commutator; (2) the shunt field 
winding or the generator armature wind¬ 
ing may be defective in some manner, such 
as shorted, grounded or connected to the 
motor winding. (See testing armature on 
page 402.) Any one of these would 
show an abnormal reading of the ammeter 
in some position of the armature when it 
is revolved by hand. 

If the ammeter vibrates at each revolu¬ 
tion of the armature during the motoring of 
the generator, and when the engine Is run¬ 
ning at low speeds, this is very conclusive 
proof that the armature has either a ground, 
open coil, shorted coil, or is connected to 
the motor winding. 

In the generator windings each coil con¬ 
sists of 4, 5 or 6 turns of wire, depending 
upon whether the generator is to be driven 
at engine speed or one and one-half times. 

*Oranklng the Engine. 

Cranking the engine, is performed by the cur¬ 
rent from tbo storage battery which flows through 
the series field winding, the motor brashes and 
armature winding. This much being what ia 
known as s “series” motor, but in addition to 
this the current flows through the combination 
switch and the shunt field winding on the genera¬ 
tor, making what would be considered, strictly 
speaking, a compound motor for the cranking op¬ 
eration. 

The shunt field current is not absolutely nec¬ 
essary for this operation, but ia used because H 
increases the efficiency of the cranking motor. It 
can be seen by referring to the circuit, page 
3|8, that the shunt field current would not be 
in use in the event of the cranking operation be¬ 
ing performed when the iguition button ia not 
pulled out. 

♦♦This cranking current la a heavy discharge 
on the storage battery, the average car requiring 
approximately y t hone power to perform the creak¬ 
ing operation. 9/10 of all cranking failures Is 
• due either to the storage battery or poor connec¬ 
tions in the cranking circuit. The first rush of 
current from the storage battery during the crank¬ 
ing operation varies from 130 to 450 amperes, 
depending upon the condition of the engine and 
the storage battery. This is only a momentary 
flow of current, however, but a poor rminorllaa 
prevents this heavy flow of current and prevents 
the starter from giving its full force. 

This heavy discharge will naturally cause the 
voltage of the battery to bo decreased, and the 
amount that it is decreased, depends to a great 
extent upon the condition of the charge of the 
battery. On a storage battery which is charged 
so that its specific gravity registers 1200 or mere 
the voltage should not fell belov 6 volts on the 
voltmeter reading when cranking. 


**See also pages 407, 427 and 327. See also page 886 on “cranking operation.'* 
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♦Hints for Locating Delco Troubles—condensed. 


1. If starter, lights and horn all fall, the trou¬ 
ble U in tbe storage battery or its connections, 
such • as a loose or corroded connection or a 
broken battery jar. 

8. If the lights, horn and Ignition are an 
O. K., but the starter falls to crank, the trouble 
&■ in the motor generator, such as dirt or grease 
on the motor commutator, or the motor brush 
not dropping on the commutator. 

3. If the starter falls to crank or cranks very 
■lowly, and the lights go out or get very dim 
while cranking, it indicates a loose or corroded 
connection on the storage battery, or a nearly 
depleted storage battery. 

4. Zf the engine fires properly en the “M" 
button, but not on the “B” button, the trouble 


must be in the wiring between the dry oells or 
the wires leading from the dry cells to the com¬ 
bination switch, or depleted dry oells. 

If the Ignition works O. K. on the “B” button 
and not on the “M” button, the trouble must be 
in the leads running from the storage battery to 
the motor generator, or the lead running from the 
rear terminal on the generator to the combination 
switch, or in the storage battery itself, or its con¬ 
nection to the frame of the car. 

6. If both systems of ignition fall, and the 
supply of current from both the storage battery 
and dry cells Is O. X., the trouble must be in the 
coil, resistance unit, timer contacts or condenser. 
This is apparent from the fact that they work 
in the same capacity for each system of ignition. 
tDoes not apply to aU Delco systems.) 


Instructions for Gleaning Repair Parts of Delco Apparatus. 


The cleaning outfit should consist of three, sheet 
steel tanks, of suitable sise (preferably about 35 
gallons), which are mounted in snch a manner that 
the contents may be kept heated to the desired 
temperature; three stone Jars of approximately 15 
gallons capacity; and a sawdust box. 



Two of the steel tanks should be equipped with 
overflow pipes so that they can be kept about 
two-thirds full at all times. These will be 
spoken of as tank No. 1 and tank No. 8. They 
are used for clear, hot water for rinsing the ap¬ 
paratus after it has been cleaned. ▲ supply of 
water should be available, so that this water can 
be kept as clear as possible. 

The third tank does not need either a drain or 
overflow pipe and should be used for the potash 
or oaustio soda solution. This solution can be 
used for a long time without changing it by 
simply adding s small amount of potash or soda 
as the solution is found to be weakened. All 
three tanks are maintained at a temperature of 
from 180* to 212° (degrees) Fahrenheit, or ap¬ 
proximately at boiling point. 

The throe jars mentioned above are to be used 
for the acid solutions and will be spoken of as 
jar No. 1, jar No. 2, and jar No. 8 respectively. 

▲ wooden tank should be provided which is 
large enough to permit the three jars to be set 
in it and also to carry a supply of clear, cold 
water. This tank should also be divided so that 
jars No. 1 and No. 2 are in eno division and jar 
No. 8 in tW other. This is very important, as 
the work cannot be rinsed in the same cold water 
bath after being immersed in these various solu¬ 
tions. The sketch shown in figure will give an 
idea of the outfit. 

The solutions recommended are as follows: In 
tanks one and two, clear, hot wster; in tank 
three, a solution of Potash or Oaustic Soda, which 
is made by mixing one pound of Potash or Oaustic 
Soda with one gallon of water. 

The jar Vo. 1 Is filled with a solution made up 
carefully of the following formula: four gallons 
of Nitric Acid; one gsllon water; six gallons sul¬ 
phuric acid. The water is placed in the jar first, 
the nitric acid is added slowly and the sulphuric 
acid is poured in last. This order should be very 
strictly observed, as it is dangerous to attempt 
to mix up a solution of these soids in any other 
manner. 


The solution In jar Vo. 8 is made up with the 
following formula: one gallon Hydro Chloric Add 
to three gallons of water. Jar No. 8 is filled 
with the following solution: one-half pound of 
Cyanide to one gallon of water. 

Tank Vo. 2 should be used for parts which 
hsve been in the Potash solution and for no 
other purpose; tank No. 1 for general rinsing. 

Cleaning Various Metals. 

Stool is boiled in the Potash solution until the 
dirt is removed. This should take only a few 
minutes. It is then rinsed in tank No. 2 and 
dried in sawdust. 

Oast Iron is boiled in the Potash solution until 
dirt is removed, rinsed in tank No. 2, dipped in 
the acid solution in jar No. 2, rinsed in cold 
water, rinsed in tank No. 1 and dried in sawdust. 

Brass is boiled in the Potash solution until the 
dirt is removed, rinsed in tank No. 2, dipped in 
the acid solution in jsr No. 1 rinsed thoroughly 
in clear, cold water, dipped in the cyanide solu¬ 
tion, rinsed in clear, cold water, rinsed Jn tank 
No. 1, dried in sawdust. Copper can be cleaned 
iu the same manner. 

Polished aluminum should first be thoroughly 
washed in bensine or gasoline, rinsed in tank No. 

1, dipped in the acid solution in jar No. 1, rinsed 
thoroughly in clear, cold water, rinsed in tank 
No. 1 and dried in sawdust. 

plain aluminum (polished), should be dipped 
in the Potash solution, rinsed in tank No. 2, 
dipped in the Potash solution, rinsed in tank No. 
jar No. 1, rinsed thoroughly in dear, eold water, 
rinsed in tank No. 1 qnd dried In sawdust. 

Plain aluminum, (not polished), should be 
dipped in the Potash solution, rinsed in tank No. 

2, dipped for a few seoonds in the acid solution, 
rinsed in tank No. 2, dipped for a few seconds in 
acid solution in jar No. 1 rinsed, thoroughly in 
clear, cold water, rinsed in tank No. 1 and dried 
in sawdust. 

It will be noticed when the aluminum is put in 
the Potash solution that the metal is attacked or 
eaten away very rapidly. Care should, there¬ 
fore, bo taken not to leave the work in this 
solution any longer than is absolutely necessary. 
In cases where the work is covered with caked 
grease or has hard grease deposits on it, these 
pieces should first be washed in bensine or gaso¬ 
line. Aluminum parts should never be washed 
in the Potash or Soda solution unless they can 
be put through the acid immediately after. The 
acid dip is used to neutralise the effects of the 
Potash solution. Parts should only be held in 
the scid solution for a few seconds. 

Paint on aluminum should be removed with a 

good varnish or paint remover, unless it is a very 
small quantity and the work is to go through 
the Potash solution. 

With regard to enameled work, it is recom¬ 
mended that it be washed with soap and water, 
dried thoroughly and then polished with a doth 
dampened with three in one or O'Cedar oil. 

The methods described above are for solid 
metals only and should not be used on any plated 
materials. Practically all Deloo clips are tinned 
snd should be cleaned, therefore, in bensine or 
gasoline. All plated parts should be cleaned in 
bensine or gasoline. 


'See also pages 877, 898 and 400. 
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M MUTATOR ♦Testing Delco Motor-Generator Armature. 

jtat or \ Test points, per pages 399 and 418 are used in connection with a 

-k- \ - lamp for part of the tests and a combination wit-ammeter is used for 

= the other tests shown on this page. 

SS ~"f It is not necessary to remove the motor-generator from car. Where 
= =j there are grounds in armature winding, or short-circuits between 

== them or short-circuits between generator and motor armature wind- 

' m rtcr ing. simply raise brushes and insulate them from commutator with 

[IIpoint pieces of cardboard. 

T Armature Tests with the Test Light for Grounds. 

1 rig. 1. A grounded generator armature coil will result in slow 

amp^vi/ cranking and materially reduce the charging rate. (Note armature 

_I and generator winding is on one armature in this particular system.) 

To test to see if armature coil is grounded see fig. 1. If lamp lights, 

-I a ground is indicated. 

Fig. 2. A grounded motor armature coil will cause excessive amount 
of current to be drawn from battery while cranking, or prevent crank- 
iutator ing entirely (meaning of the word "cranking” is explained on 

page 400). 

^ » To test to see if grounded, see fig. 2. If lamp lights, a ground is 

— ^ indicated. 

=E3 ^ Fig. 3. Short circuits between motor and generator armature coils 

s-^-|—» will decrease speed of cranking and also cause armature to continue 

S to run after engine is shut down. 

To test, see fig. 3. If lamp lights a short circuit between motor and 
generator armature coil exists. 

Armature Tests with the Volt-Ammeter for Open-Circuited 
and Short-Circuited Armature Coils. 

Testing for open and short circuited armature windings with a volt- 
ammeter. Before proceeding, turn to pages 414, 416 and study the 
1 construction of the Weston model 280 volt-ammeter, which is used in 

J the following tests. 

Fig. 4. Open or short circuited generator armature coils. The gen- 
iutator erator brushes should be left on contact with commutator, but dis- 

rAT ° ? \ connect storage battery from system. Then connect a dry cell as 

Y shows; one connection to the 30 ampere shunt and the other to the 

=s E=3 brushes, see page 414 for meaning of “shunt.” 

EE ^ ~ 1 To teet, turn armature slowly by hand. If commutator ia in good 

= E3 shape and brushes are making good contact, the ampere reading I 

—T v " 1 should be the same in all armature coils — when brushes make con- I 

1 hIpoint tact the different coils through the commutator segments, but 

est |1 j|£P if a very noticeable change in the ammeter reading takes place while I 

T turning, this will indicate an open or short-circuited armature coil. | 

oltlamp/ 7\' Fig. 5. To then tell if generator armature coil is opeu-circoited or 

short circuited proceed as follows: , 

—-J To test for open-circuited coil, connect brushes on commutator to a 

dry cell as per fig. 5, so that about 1 ampere will flow through the | 
■ i brushes. The field winding should be. disconnected. Then connect 

, —1 test points to the 3 volt scale of meter and measure the voltage 

across two adjacent commutator segments. The readings should be 
the same, as the test is made on all commutator segments, but if 
~ ~ Wc£Z— there is a material increase in the reading on any two segments, then 

S there is an open circuited coil. 

Fig. 6. If there are no open circuited armature coils hut the test 
per fig. 6 shows there is some armature trouble, then teet for a short- 
circuited coil. This, however, should only be done after making the 
test per fig. 5, as we will now use the .1 volt scale of meter, and if 1 
there was an open-circuited coil, the voltmeter might be burned oat if 
;>:) TZK jbj this test was made first. . 

To test for a short-circuited armature coil —see fig. 6. Connect test | 
3; s -" ® ,J L , points on meter with the one-tenth volt (0.1) terminal and the + 

>::■■' terminal—see also page 414. Turn armature slowly by hand and , 

test each adjacent commutator segment as shown in fig. 6. If on 
testing any of these coils, the reading drops to zero, it will indicate 
/ that one or more of the armature coils are short-circuited. 

Fig. 67: Those diagrams will explain what is meant by an open and ‘ 
** wlm short circuited armature coil. A, shows diagram of commutator with 

brushes which make contact with segments and carry the current I 
during the test. It will be seen that the current divides equally I 
from upper brush, passing down each side of the armature coils, or winding circuits, | 
and out at the lower brush, and if in good condition the voltage between two com- | 
mutator segments will be the same. 

If an open current in one of the coils, aB at X fig. 67, (B), there will be an iuterrap* 
tion of current flow on that side, and if test-points are placed on the two segmenti 
shown there will be a big increase of needle since meter will carry all of the nirT*fi: 
flowing down that side. If points are placed on adjacent segments on that aid®, thm i 
will be a zero reading. 

If a coil is short-circuited, per Y, fig. 67, (C), the meter, if placed on the 
shown will be zero, the short circuit having the effect of a shunt across meter. 

^ ____ Testing Ignition Coll i 

i I ( °2,^| 1 [ loooijj — --- *ig. 8. In this instance it " 

EwA | < W > J| \m r3E s ] 5* \ 35S8. « placed along aide of t> 

V 1 fry* ^ V ^ 1 **■ motor-generator. To % 

Uu r***/ place one "light teat p^ 

rfafj on secondary terming 1 

'*• fSr and other on pritn^ ltlP 

^ ^ LI ** see page 398 r-arged 

® T (c\ _ Vs ~?LJ ion—see also pOr mor* 

(£) -»• —^ 302 ior other t 00 ,h. 


CHART NO. 18S-I—Testing Delco Armatures. * Although these tests apply to the 
they will also apply to many other systems. See also pages 414, 416, 410, 406, 
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Testing The Delco Motor-Generator Field Coils. 


Fig. 2: To teat for grounds in the field coils 
of motor generator, place one point on frame of 
motor-generator, the other, on terminal of field coil. 
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If lamp falls to light the circuit is open. The 
coil Bhould be replaced or repaired. 

Fig. 4: To test for short 
circuits between motor-gen¬ 
erator windings; the test 
here is between the * ‘shunt” 
and “series” field winding. 

Place one of the test 
points on the terminal of 
one of the field windings 
and the other test point on 
terminal of other winding, 
short-circuit is indicated be- 



Be sure all grounds which are regularly connected 
to these terminals are first removed. 

If lamp lights a ground is indicated. If it falls 
to light coil circuit is o. k. 

Fig. 3: To teat for open circuits In the field coll, 
place test points as shown, on each terminal of the 
winding. 


If lamp lights, a 

tween the windings. 

Meaning of Grounds and Shorts. 

▲ grounded coil is where the insulation is off the 
wire and it makes contact with metal. 

▲ short-circuited coll generally applies to a field 
or armature with two windings on it and on which 
the insulation is off and in contact with each other. 


Testing The Delco Wiring Circuit. 


To test the wiring circuit for troubles, use the 
test points Illustrated on page 399. Either direct 
current or alternating current can be used with 
110 volt lamp placed in series.* 

A typical single unit Delco wiring circuit is shown 
below. The tests however will apply to many of 
the other systems. 

Parts Which Are Grounded. 

It will be observed that certain portions of the 
circuit are grounded to the frame of the car. The 
battery terminal, the lamp return wires, one motor 
and one generator brush, one of the timer contacts, 
one terminal of the horn push button and one ter¬ 
minal of the condenser in tne coil are grounded. 

When Testing For Grounds. 

First remove the grounded connections by^clis- 
connecting the **negative battery terminal from 
battery which is grounded to frame of car, and re¬ 
move all lamp bulbs. 

- Then place a piece of cardboard between commu¬ 
tator and brushes of the motor and the generator 
(third brush also). 

Disconnect the lead wire from the horn button 
and distributor and raise the base of the ignition 
coil so that it is insulated from the top cover of 
the motor-generator. 

To Test For Grounds. 


other test point on the negative terminal of the 
battery (A). 

If the lamp lights, then a ground is indicated 
and will likely be on the switch or in the motor 
windings (if all the switch buttons are pushed in). 

Now with one of the points still grounded to 
frame of car, touch with the other point different 
terminals of the combination switch. 

If lamp lights, then a ground is indicated and 
should be found and removed. 

' To Test For Short Circuits. 

Testing for short-circuits between two wires 
which are supposed to be Insulated from each other 
—see test No. 5; place one test point on one wire 
and the other point on the other wire. 

If lamp lights, a short-circuit is indicated be¬ 
tween the two wires. 

If lamp does not light, then this portion of cir¬ 
cuit is o. k. 

To Test For a Broken Wire. 

To test for a broken wire—see test No. 6; place 
test point at each end of wire as shown. 

If lamp lights, the circuit is complete. If lamp 
does not light, then there is a break somewhere 
between the two points. By gradually moving the 
test points towards one another, the break can 
be definitely located. 


To test for grounds, sAj test No. 4; piece one of If Lights Burn Out Often. 



I U W | ~ - - --- .,- — ■ 

RT NO. I88J—Testing for Open Circuits m the Field Test Points for Testing Bhor 

Between Two Points. Testing for Grounds. See also pages 4 06, 418, 413, 416. 

la iiFinfr t*>Kt light, it is advisable to occasionally bring both tost points together or touch one with th< 
D-iJi t,J “lafcp sure that test light is still in working order, as very often the filament of lamp breaks owing b 
i J/trough nature of test work and when this happens one is led to erroneous conclusions. **Oa many ays 
positive pole of battery is grounded. 
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ig. 3. Commutator and brush trou- 
les. Copper is softer than mica and 
ears more rapidly, until the mica is 
> far above, that brushes cannot make 
ood contact. When this occurs, the 
ties must be undercut as shown at 
te lower left. 



Fig. 4. Dressing commutator. 
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♦♦Commutator Troubles. 

Commutator trouble* are: arcing at brushes, weak brush holder 
springs, loose pigtails or connections of wires to the brashes, 
sticking brushes, overloading of generator and short-circuits be¬ 
tween the motor and generator windings. 

Arcing at brushes is usually due to mica protruding above the 
commutator segments—see fig. 3, lower right illustration, 4 4 high 
mica.” 

The cause of mica protruding is due to the copper segments wear¬ 
ing down below the level of the mica as stated under fig. 3. The 
brushes then cannot make good contact, therefore arcing occurs 
and commutator burns and blackens and becomes rough. 

This trouble is more common on generators. On starting motors, 
where brushes do not make good contact, the commutator becomes 
rough and causes arcing. 

ttMost of the troubles of this nature are due to the use of ear- 
bon brushes, which are not hard enough to wear the mica down. 
The * ‘generator” commutator on the Delco therefore requires 
more care in this respect. The Delco "motor” commutator 
however, where metal brushes are used, the trouble is not so 
great, as they are harder. 

To remedy protruding mica; remove the armature and very care¬ 
fully true or dress it up on a lathe per flg. 4. Then cut out the 
mica between the bars with a hack saw blade, the sides ef its 
teeth having been ground off so that it will cut a groove slightly 
wider than the mica insulation, per flg. 4B. This will leave a 
rectangular groove free from mica; the depth should be about 
inch. 

The edgeB of the slots should then be slightly beveled, using s 
three-cornered file, in order to prevent any burrs remaining, which 
would cause excessive brush wear. 

When properly finished commutator will have the appearance of 
illustration, fig. 4 * ‘after.” See also pages 400, 406. 

Note. The mica'can also be cut by placing a special-tool in the 
lathe and moving it laterally as a planer—fig. 4 as suggested by 
Motor World. 

The blackened and burned appearance of the commutator is not 
always caused by high mica. The same effect may be caused by 
having brushes of improper size or material, by an insufficient 
Bpring tension on the brushes, by an overload on the generator 
and by an open or short circuit in the generator windings, or 
where there are two windings on one armature with two commu¬ 
tators, by a short-circuit between the motor and generator wind¬ 
ings. (from Weston Inst, book.) 

tCommutator Noises and Cleaning Commutator. 

If it makes a noise and trouble Is not from the protruding mica, 

the commutator can be cleaned by speeding engine up to about 
1000 r. p. m. t then wipe off commutator with a piece of cloth 
dampened with gasoline to remove grease and dirt—or new 
brushes fitted. v 

If commutator is rough, smooth down with sandpaper cut a 
little wider than the brush and wrapped around the commuta¬ 
tor so as to make contact with at least half of its cir¬ 
cumference, as per fig. 5. Use 00 fine sandpaper—never use 
emery cloth. Don’t lubricate, see page 406. 

Noise can also sometimes be eliminated by slightly setting the 
brush to one side with a small wood stick—never use a screw 
driver or metal. 


Pig. 5. Method of smoothing down a 
'commutator” with a strip of sand* 
isper and properly seating the 
‘brushes” to the rounded surface of 
ommutator. 

To cut the mica down; 


Fitting Brushes. 

♦The brush must always make good contact with the commutator; 

they should have sufficient spring tension to press the brush to 
the commutator, yet move freely. 

When fitting new ‘'generator” brushes, they don’t always fit the 
commutator perfectly, that is. they are not rounded to the con- 
mutator surface. This can be remedied by placing the rough 
side of a strip of grade 00 sandpaper under the brush, when ft is 
_ 'cornered file" to ,n its bru * h holder (each brush separately), and work the strip 

■tart 6 the aroove in the back and ,orth holdin * the ends clo8e together as per iig. 5. so 
* wk aa w it will conform with the curvature of commutator. The entire 
with ft handle on surface of the brush must be treated, otherwise it will be uneven. 
H and teeth ground oil The “pig tails” or brush connections must also be kept tightened. 

the side, can be used when fitting "motor” brushes to Delco armature, the sane 
for cutting down the Method is applicable, but something harder than sandpaper must 
mica. be used. A strip of carborundum cloth can be used on the 

Note the mica must be "motor-brushes.” but sand cloth on the “motor-commutator.” It 
cut square across, as at j R seldom necessary to cut mica down on the motor-commutator, 
t, and not leave a thin edge, as at A. gee page 406 for cleaning brushes. , 

' When Starting Motor Fails to Start, 

the armature falls to start when pulling out the ignition button, the trouble may be due to: (A) weak 

orage battery; (B) switch contacts defective; (0) the clutch may be sticking; (D) armature shaft oat 
alignment; (E) bearings of generator defective; (F) waste or foreign substance between armature and 
>le pieces; (G) generator brushes not making good contact; (H) loose, dirty connection, ground or short 
rcuit. 



BT NO. 188K—Commutator and Brush Troubles. When Motor Fails to Start. 

foot note page 407 and next to lower right paragraph, page 400. **See also page 409. 
:ind of brushes used on starting motors and 408 generator brushes. 


_ _ t8ee pan 315 

tf3ee foot note page 405. 



























CARE, TESTS, ADJUSTMENTS DELCO ELECTRIC SYSTEMS. 
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Adjustment of Delco Third Brash. 

There are two arrangemente of the Deleo third brush; 
ever commutator and under commutator: The third 
brush is supported on an arm which is arranged to 
lengthen or shorten by means of screws and slots in 
; this arm. In the single unit system, using generator 
No. 70, and on all the two-unit systems, the third brush 
is located on the lower side of the commutator, and is 
mounted on a plate which is arranged to move to ob¬ 
tain similar results. 

The moving of this brush In the direction of rotation 
Increases the charging rate and moving the brush in 
the opposite direction, of course, decreases the charg¬ 
ing rate, These generators leave the factory adjusted 
to give ample charging rate for the average driver. 

If the car is driven a great deal and the lights and 
starter used comparatively little, it is possible to over¬ 
charge the storago battery unless the charging rate 
is decreased. 




adjustment 

WITH THIRD 
BRUSH UNDER 
COMMUTATOR 
TTfPt TO GENE*ATOtf 


ft—f / '■'/ < \ Vd \ arm The overcharging of the storage battery Is Indicated 

by the rapid evaporation of the water, and occaston- 
pP ally a too frequent burning out of the lamps. There- 

IP ; j. -j- 1 1 fore for this type of drivers it is advisable to de- 

\\ V\ If crease the charring rate by moving the third brush 

\ X£-ri rSy* ff ,r_ _ in the opposite direction from that in which the arma- 

// JOR ture rotates. If this brush is moved, it is necessary 

^ yff l me to draw a piece of line sand paper (with the sand side 

i U .1-' __ -k . O >' nut to the brush) between the brush and the com- 

n S S- A J k i- - - ■ i mutator-*a few times.. If this is not done the brush 

p __ _ A _ F 4 j will not make good contact and the charging rate will 

not be as high as when the brush is well seated. 

_ With the type of driver who uses his car a great 

deal at night and drives a very little In the day time 

X o) __ It is advisable to have a higher charging rate than 

( f f\ { r—\n __L-Tq o f ^ these generators develop with the factory adjustment. 

With this type the third brush should be moved in the 
direction of rotation of the armature, and the brush 
sanded as described above. When the charging rate 
of the generator is increased, it is always essential 

. _ __ that the charging rate be carefully checked up by use 

of the ammeter on the combination switch, and in no 
, case should this exceed 20 amperes to any extent un- 
i - ——i less it is positively known* that the driver never op- 

. 1 ' X. ; erats his car at fairly high speeds, excepting tor, 

adjustment fjT TTl short runs. Ohecking of the charging rate, should be 

with third / ^ obtained after the brush is well seated and the engine 

Brush under rXjj is gradually speeded up, observing the maximum charg- 

tOM mutator j _-, ing rate indicated on the ammeter. This test should 

to GENesATofljf j J ,aa. . w , bo made when all the lights are off. 

j K) I \ / • To adjust the Delco third brush over commutator: 

By reference to the accompanying figure, it will be 
* l noted that the third brush is mounted on a brush arm, 

X ^ f which is made up in two pieces. The part to which 

Kj : the bruph is fastened has a slot through which pass 

' ■ ' .. v two screws, attaching it to the other part. By loosen- 

, ing these screws it is possible to slide one part upon 
■’ nS the other, and so increase or decrease the length of 

WSrl c_ the arm ' 

* ifijS rt > When the arm Is shortened, the charging rate is do- 

creased, and the reverse is also true. Care should be 
Aw n b taken to sand in the third brush carefully every time 

^ H is shifted, so It will have good contact with the com- 

6 mutator. (See instructions for “seating motor and 

generator brushes.**) The screws on the brush arm 
should be tightened firmly after a change has been 
made, in order to prevent slipping. 

non* mtn cn«t nwi The charging rate should rise to its maximum at a 

flfjpitriFiA&S^ \ \ <*r «pe.d of from 4ft«en to twenty mil., per honr. 

, and then drop off as the speed increases beyond this 

\ point. 

In order to change the charring rate on the 70-motor- 
j generator it becomes necessary to shift the third brush 
u">r *i wwn >■ cur on (he generator commutator. To reduce the rate, shift 

the third brush bracket plate in the direction indi- 
— cated by the arrows on the accompanying cut. 

To shift this brush bracket plate, loosen two screws “A** fir. 2, shown in the cut, and shift plate 
in the direction indicated by the arrow, to the full extent permitted by the slotted holes receiving the 
screws marked “A.” 

Vote—The charging rate should be limited to 12 to 14 amperes with lights off. In case the charging 
rate cannot be sufficiently reduced, it may be necessaky to lengthen the holes in the brush bracket plate with 
a file. After the brush is shifted it will be necessary to carefully sandpaper it so that it fits perfectly. 

Carbon brushes are used on all Delco generators because they give better commutation and are porous, 
which allows lubricants to be forced in them, making them self-lubricating 

The copper composition brush is used on all Delco starting motors because the carbon brush has too 
high a resistance to carry the high cranking current required. The copper or composition brush has a 
high carrying capacity and smaller brushes can be used. 
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CXHABT NO. 188L—Adjustment of tbo*lMloo Third Brash for Oharglng Bate, 
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Testing for Dirty or Bough 

Pig. 1. Connect voltmeter terminals, 0 to 80 volts 
as shown. (The construction of this Weston volt¬ 
meter is shown on page 414). 



The positive (-f) terminal of voltmeter is connected 
to the positive ( + ) wire of the generator. The 
other terminal from voltmeter which has a test 
point (TP) at its end, makes contact with the 
frame of generator at Y (this being a grounded or 
return wire system). 

Then Bpeed engine np to a speed corresponding to a 
car speed of 10 to 15 miles per hour. The volt¬ 
meter should Bhow slightly over 6 volts and the cut 
out (V) should be closed, showing "charge" on the 
dash ammeter or indicator. 

If voltmeter does not show slightly more than 6 
volts, this indicates a dirty or rough commutator, 
or else an open circuit in the shunt field. Press 
down lightly on the brushes while the generator is 
running, and if this causes the voltmeter to indi¬ 
cate and the cut-out to close, the trouble is due to 
had brush contact, which can be remedied as just 
mentioned. 

If voltmeter cannot be made to Indicate and the cut¬ 
out point (V) to close, by cleaning the commutator 
and pressing on the brushes, the trouble is probably 
an open circuit in the shunt field winding, which 
will have to be repaired locally or sent to the fac¬ 
tory. 

If the voltmeter does Bhow 6 volts or more, by 
pressing down on the brushes, or by cleaning tho 
commutator and brushes, but the cut-out will not 
dose, it means that the cut-out is not in proper 
adjustment, and a new one should be provided if 
it is defective internally. The trouble may be due 
to loose connections on the cut-out, or disarrange¬ 
ment of the contact-points on V, which can be ex¬ 
amined and tested per page 410 and 409. 


To Clean Commutator. 

See page 404, fig. 5 and also page 409. 

If commutator is too rough to smoothe down with 
sandpaper, then it should be dressed down on the 


Commutator with Voltmeter. 

lathe and probabilities are the mica is protruding 
which can be remedied as explained on pages 404 
and 409. 

To Clean The Brushes. 

It is not necessary to remove them from the holders. 
Lift the brushes and wipe off the surface with a 
piece of cloth dampened with gasoline. 

If the brush surface is apparently rough then nse i 
sandpaper to fit them to commutator, per fig. 5, I 
page 404. 

No lubricant is to be used, as the brushes are 

usually self-lubricating. Application of vaseline or 
grease is harmful, as all forms of grease possess 
insulating qualities to a greater or less extent. 

Test For Grounded Brush Holders. 

Fig. 3: Use the 0 to 80 volt scale of voltmeter. 
Connect as shown and place one test point (TP) on 
armature shaft and the other on brush holder. If 
an indication is obtained, the brush holder is 
grounded. 

Test For Grounded Armature and 
Field Coll. 

Fig. 3A, grounded armature: Use the 0 to 30 volt 
scale of voltmeter. Connect as shown. One test 
point (TP) connects with each 
commutator segment, the other 
with shaft of armature. If an 
indication is shown, there is a I 
ground between the coil con¬ 
nected with that commutator 
segment and the armature core. 
The cause of the ground is 
very likely due to damaged in¬ 
sulation on the wires. The 
armature should be examined 
carefully. A grounded arma¬ 
ture coil will result in a re¬ 
duced output. 1 

A grounded field can be tested | 
by transferring the connection j 
from the commutator segment , 
to one end of the field winding. . 
If a deflection of needle is 
obtained the field is grounded. 

Be sure the ends of field coil 
are not touching the frame of 
generator or motor—see also 
pages 416 and 403. 

To test for an open circuit in field winding, see page 
416 and 403. 




Tests at Battery Terminals for Grounds and Short-Circuits in Different 
Parts of the Electric System 


(a) Disconnect wire at generator and starter. 

(b) Disconnect one terminal of battery—fig. 5. 

(c) Connect these wires (which are disconnected) 
to one terminal of ammeter, using the 0 to 
300 shunt (see page 414). 

(d) Connect a piece of wire to the other terminal 
of ammeter and hold this wire (A) in the 
hand, ready to touch the battery terminal (B). 

(e) Disconnect starter and generator, open all 
lighting switches and ignition switch. Touch 
ammeter wire A, to battery terminal B. If 
ammeter registers any current, no matter how 
small—a ground in wiring system of car is in¬ 
dicated, somewhere between battery, generator 
or starter. If ammeter shows a heavy dis¬ 
charge—a severe short circuit is indicated. 

(f) Reconnect wire at generator and touch wire A 
to battery terminal B. If ammeter indicates 
current—very likely due to cut-out points be¬ 
ing stuck. 


(g) Disconnect generator again, and re m ove all 
lamps from socketB, then turn on each lighting 
circuit separately and note indication of am¬ 
meter after touching A to B. If ammeter reg¬ 
isters current when either switch is turned on— 
there is a short-circuit or ground in that par¬ 
ticular circuit. 

(h) To test for short-circuit in starter. Replace 
wires to starting motor, turn on the ignition 
switch and press starting motor switch. See 
explanation under "test A2," page 410. A 
short-circuited starting motor Will be indicated 

by slow turn¬ 
ing and possibly 
smoke coming 
from the wind¬ 
ing. The bat¬ 
tery must be 
fully charged. 
Use only the 
300 ampere 
shunt on these 
testa—see page 
414. 


J 

JHAJtT NO. 189—Testing For Defective Commutator. Cleaning Commutator and Brushes. Tasfc 
at Battery Terminals for 8hort-Clrcuits. See also pages 416, 410, 411, 402, 403, 418. 

The meter used in these examples i» the Weston, page 414. 
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INSTRUCTION No. 29. 

*CARE, ADJUSTMENTS AND TESTS OF ELECTRIC 
STARTING, GENERATING AND LIGHTING SYS¬ 
TEMS: Care of Starting Motor. Locating Starting Motor 
Troubles. Care of Generator; cleaning and adjusting com¬ 

mutators, brushes, armature troubles, etc. Testing Arma¬ 
ture and Field Windings; short circuits and open circuits. 
Miscellaneous Troubles and Tests. Ammeter and Volt¬ 
meter; how to read and test with. Shunts, etc. Electrical 
Testing Outfits. A Digest of Lighting Troubles, etc. 


Care of the Starting Motor. 


The starting motor. Any trouble develop- 
ing in starting motors, such as grounds, 
short circuits, brush and commutator 
troubles, will be taken up in detail under 
care of lighting and generator systems, and 
apply here. 

The starting motor, is used very little in 
comparison to the generator! therefore it 
does not require the attention which the gen¬ 
erator does, if it is a separate unit. 

Oiling: Each of the oil cups should be 
given three or four drops of oil about once 
every two weeks. Use best machine oil. 

The gear case of a geared motor (if gear 
case is an integral part), should be filled 
with a good quality of heavy oil; always 
first, drain old oil, and don’t use more oil 
than called for. 

Commutator: Keep commutator free 

from dirt cleaning when dirty, with a cloth 
(not waste). When, commutator and brush¬ 
es are in good condition it will show a 


glaze and commutator will be chocolate 
brown in color. If rough, smooth up with 
fine sandpaper as per chart 18 8K and 189, 
don’t use emery paper and note in using 
sandpaper, strip must be width of commu¬ 
tator and must be held down as far around 
commutator as possible. Be sure and re¬ 
move all grit and dirt, see chart 189. 

•♦The brushes should not be disturbed until 
you are sure trouble exist in them. If worn, 
get a new set. Keep the brushes in per¬ 
fect contact with commutator. One of the 
greatest troubles with brushes is poor brush 
contact with commutator, on account of in¬ 
sufficient spring tension. Clean all dust 
from brush holder case with compressed 
air. See page 404, 406, 408. 

tStarting switch: for flywheel application, 
the moving contacts should touch both sta¬ 
tionary contacts during the first part of the 
motion. The adjustments of switch should 
be carefully investigated if the motor gives 
trouble. See pages 326 and 331. 


Locating Starting Motor Troubles. 


Only when you have made sure that the 
wiring is In perfect condition and that 
everything is connected up according to 
the wiring diagram should trouble be 
looked for in the electrical instruments 
themselves. 

Surprisingly few troubles have been ex¬ 
perienced with starting systems and of 
the troubles that have occurred, by far the 
greater part have not been due to the 
electric starting system, but to the car- 
buretion or ignition, as failure of gasoline, 
carbonized spark plugs, etc. Therefore, first 
see if the ignition and carburetion are o.k. 

If the starting motor falls to start when 
starting pedal is pressed down as far as it 
will go, test out the trouble as follows: 

(a) Battery weak or discharged. Test 
battery with hydrometer or throw on 
lights (starting switch off) and note if 
dim—if so, battery is weak. If lights are 
bright then the probabilities are, the bat¬ 
tery is o. k. also see chart 190, showing 
hew the volt-meter is used to detect the 
cause or failure of starting motor. 


(b) Look for an open circuit (broken 
wire) or loose connection in the wire from 
battery to starting switch, from switch 
to starting motor, from motor to ground, 
from ground to battery. 

(c) See that the brushes and commuta¬ 
tor are in good condition, and not sticky 
with oil and brush sets firmly on commuta¬ 
tor. (see also page 331). 

If motor with flywheel application: 

(d) Press the pedal slowly so as to dose 
the contacts, then motor should turn if 
battery, motor, and all connections are all 
right. See page 326. 

(e) Examine the switch lever and switch 
adjustments and see that they have not 
worked loose in such a way that the switch 
does not close. 

If sometimes the gears mesh and the 
motor runs satisfactory, and at other times 
it is impossible to mesh the gears, the motor 
refusing to turn when the contacts are 
closed, if indicates the possibility of an 
open circuit in switch or starting motor. 


•This instruction applies to all systems in general. The Delco tests (Instruction 28*0), will also 
apply to some of the different systems. 

••Owing to the high volume of current carried through starting motor brushes, if worn or not prop¬ 
erly adjusted, the commutator may become pitted and cause excessive wear—result failure of 
starting motor to operate properly or excessive sparking and weak motor. Remedy; take armature 
out and true up commutator on lathe (see page 404. See pages 325, 408 and 405, about kind of 
brushes used on starting motor and generator). tSee page 408, 
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If engine does not pick up Immediately 
after two or three trials though motor turns 
the engine over, the trouble is in: Either 
the gasoline supply; the spark plugs; the 
carburetor; or the ignition system. 

If starting motor continues to run after 
the switch lever is released, see that the 
return spring on the switch or switch lever, 
is strong enough to return the parts posi¬ 
tively and fully to the “off” position. 

Failure of engine to start when starting 
motor is working satisfactory. This may 
be due to failure of gasoline or spark; test 
out as follows: 


(a) —Ignition switch, examine to see if ** 00 ." 

(b) —See that there la gasoline in the carbmra- 
tor. If there is not, the gasoline may be used 
Bp, it may not be turned on, or the gasoline feed 
pipe or valve may be Btopped up. If the eystem 
involves gravity feed, the gasoline may not flow 
into the carburetor on steep hills. 

(c) —If there Is gasoline In the carburetor, take 
out one of the spark pings and lay it on the en¬ 
gine with the sparking point in the air while the 
engine is turned over by hand or by the starting 
motor. Also examine the spark plug points— 
they may be too far apart. V &4 to V &2 of an inch 
apart is about right. If a spark passes, the 
trouble is not in the electric system, but probably 
due to cold gasoline or need of priming. 

If there la no Bpark, then see ‘ ‘Digest of 
troubles’* and Index, and follow the diagnosis. 


Summary of Starting Troubles. 


Starting motor cranks engine very Slow.— 

Battery almost discharged. JBattery sul- 
phated. Engine stiff. Brushes loose and 
poor contact. 

Starting motor does not rotate at alL— 
Battery may be discharged. Starting 
switch not making good contact. Motor 
brush may not make contact with commu¬ 
tator. Battery terminals may dot make 
good contact. Switch contact poor. 

Starting motor rotates but does not crank 
engine. —Boiler clutch does not work prop¬ 
erly. Goars not properly meshed. If Ben- 
dix automatic; spring broke. See page 331. 

Starting motor cranks engine a few revo¬ 
lutions and then stops.— Battery weak— 
almost discharged. Loose switch contact. 
Engine stiff. 

Starting motor cranks engine and will 
not pick up under its own power. —These 
symptoms indicate that trouble is not in 
the starting system. If Bendix starter; 
gear on threaded shaft stuck or spring 
broke. 

*A weak stacking motor is sometimes 
caused by using carbon brushes instead of 
metal composition brushes. The latter have 
3 to 4 times the conductivity, and for this 
reason their replacement by cheap carbon 
will not allow sufficient current to pass. 

**If the battery is all right proceed to ex¬ 
amine the connections, beginning with the 
battery. The current may be shorted, due 
to electrolyte spilled over the top of it; or 


terminals may be sulphated, in which caae 
enough resistance will be offered to the 
current to prevent proper operation. 

Scrape off the sulphate, wash surrounding 
metal parts in carbonate of soda or some 
other alkali. 

Clean battery terminals inside with round 
file, clean wire terminal with flat file—re¬ 
place wire and draw connections tight. 

Next examine the ground connection of 
battery to frame—this should be cleaned 
and tightened if net soldered. Looseness 
here is frequent cause of open circuit. Then 
examine connections from battery te start¬ 
ing motor switch, thence brushes to commu¬ 
tator. 

Watch the Starting Motor Wire. 

Fuses, which will mB 
on a deed short circuit 
sad open the circuit, srt 
usually provided on aB 
parts sf the electric sys¬ 
tem, except from the 
battery to starting 
motor. The current 
here is too crest for 
_ a fuse. Therefore it 
is plain to see that if 



the insulated 
(I), should 
frayed and touch the 
frame or any metal 
part of car, a dead 
short circuit would result—and if left shorted for 
several hours, the plates would likely become 
buckled inside of battery and touch each other 
and cause an internal short circuit which oouM 
not be repaired. A battery is on practically a 
dead short circuit each time engine is started, but 
only for a moment. 


Care of the 

Oare of the generator is next in impor¬ 
tance and should be. given more frequent 
attention than the starting motor. 

tBrushes. 

Brush care—Once or twice a season the 
flat coiled springs holding the brushes 
against the commutator should be raised 
and the brushes examined, to see that they 
operate freely in their holders. Oil or dirt 
should be removed with a stiff bristle brush 
and gasoline. 

Faults in brushes and brush holders can 
be classified into five dlvisons namely; 

grounded, poor spring tension, sticking in 


Generator. 

holder, poor fit to commutator surface and 
over-heating holders. When grounded, it is 
due to defective insulation or dust deposit. 
When spring tension fails, the brushes an 
worn too short, the tension is not adjusted 
or has been thrown out, due to heat, or the 
springs themselevs may be broken. Whm 
the brushes stick, it may be due to binding 
or from dirt and grease. A little gasoline 
may tend to loosen same. When the brushes 
do not fit the brush holders it is a matter of 
manufacture. Overheating of brush holdeia, 
is caused by the sparking due to ill fitting 
brushes or no brush lead connection and 
lack of sufficient pressure 6n brush. 


♦See page 400, next to lower right paragraph. **See also pages 422, 454, 457, 458, 416, 410. 


tBrnsheB for generators are usually made of carbon, because it is often necessary to have a break 
with a high "contact drop," (meaning slight loss of voltage between brash and commutator because 
of contact resistance). See also, paragraph 5, page 404, about relation of the carbon brush and miea. 
The starting motor brush is usually made of wire gauze, or composition, see page 405. 

^Often times a battery will show 1.275 on a hydrometer test—yet fail in current supply immediately 
after use; due to plates being sulphated. Test each cell with voltmeter and if test shows any of 
the cells below the others (see page 410), then test that cell with a "Cadmium Teat" (see index)— 
as plates are likely sulphated. 
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Sparking at the brashes. If there is any 
sparking, or if the commutator becomes 
dull, you may be perfectly sure that either 
the brash holder springs are too loose, or 
there is excessive vibration, which may be 
due to a bent shaft, an unbalanced gear 
pinion, or defective mounting. Brushes 
should be kept in perfect contact with com¬ 
mutator, and it is advisable to use only the 
.kind recommended by the manufacturer. 

It may be found that where the genera* 
tor is also used as a starting motor, spark¬ 
ing will in time develop at the commuta¬ 
tor. This is due to the arcing of the heavy 
starting current at the trailing edges of the 
brushes, and the trouble may 'be eliminated 
by filing down their contact’surfaces. 

Carbon dust (providing carbon brushes are 
used) may be worn from brushes by com¬ 
mutator, and deposited in lower part of 
generator—this ought to be blown out with 
Sir, otherwise it might cause a ground. 

♦♦Commutator. 

Commutator troubles can be divided into 
two heads. First, those due to defective 
manufacture and those due to surface wear 
or deterioration in service. 

•Pig. 2.—The com¬ 
mutator is smoothed 
with a block of wood 
around which is wrap¬ 
ped a piece of sand¬ 
paper. (see also page 
404.) 

Sometimes this work 
mev he done with the 
armature in place, but 
more often it must be 
removed. 

Defective commutators may be grounded, 
have a short-circuit between their segments 
or have loose segments and are generally 
denoted by sparking at the brushes. 

Generator Does Not 

Symptoms; if meter shows 9 to 15 am¬ 
peres (varies on different systems), at a 
speed of 18 or 20 m. p. h. then generator 
is probably giving its maximum output. If 
however, meter shows but 5 to 8 amperes at 
same speed then it is not giving its output. 

Cause; (1)—if a third brush is provided 
(page 405), the adjustment may not be cor- 
rect; (2)—ground in circuit; (3)—brushes 


Those that have deteriorated in service 
show a rough or blackened surface due to the 
following causes: sparking from worn or 
short brushes, sparking on account of high 
mica,. cheap brushes, oil collection on com¬ 
mutator surface, loose copper segments, poor 
contact between brushes and commutator, 
(generally due to sticking holders) or poor 
contact, due to weak brush spring pressure. 

tOommutators should be kept smooth. If 
blackened or rough they can be dressed with 
fine sandpaper, while armature is rotating, 
(see fig. 5, phge 404 and page 406.) 

Never use emery doth. After smoothing 
down examine and see if particles of metal 
bridge across the copper segments. 

♦♦High Mica. 

Mica between commutator segments should 
not protrude, (see fig. 3, page 404); this can 
be dressed down on the lathe, per fig. 4, page 
404, or in some instances filed down by using 
a very fine cut file, but care must be taken 
that no small particles of copper are left 
bridging across segments. A knife edge file 
can be used to cut between segments to get 
effect shown in upper illustration * * af ter , f 9 
fig- 4, page 404. This work must be done by 
removing armature and preferably on a lathe. 

Commutator greasy—wipe with dry cloth, 
not waste, remove grease (chart 189). 

Submerged Motor-Generator. 

The generator must be kept free from exees- 
rtve moisture. Ordinary moisture will not affect 
it, but should not be allowed to become thoroughly 
wet, such as would be the case if the generator 
were to become submerged under water. This is 
likely to happen while fording a stream. If the 
generator is wet it should not bo operated until 
it is thoroughly dried out, this can be done by 
removing from car and baked 24 hours in an 
oven, whose temperature shall not exceed 220° 
Fahrenheit. A higher temperature in the bak¬ 
ing oven would damage the insulation. 

Generate Full Output. 

grounded with brush holder and frame with 
carbon dust; (4)—brushes worn or not seat- 
(5) commutator dirty or out of round; 
(6)—high mica (see pages 404 and 409). 

On many generators, as Autolite for In¬ 
stance m used on Chevrolet “490,” page 
364, there is no third brush or adjustment 
and failure of generator to generate f ull 
current is likely due to one of the above 
causes. See Overland “ Autolite, * 1 page 358. 



♦Cut-Out 

Failure of the cutout to operate may be 
due to several things. In the first place 



a back kick will cause the points to close 
and stay closed and when ever this happens, 
no time should be lost in separating the 
points. This may be done by starting the 
engine again or by pulling them apart. 

There are several mechanical reasons why 
the cutout may fall to operate. The points 
may be too near together or too far apart; 
they may be rough or pitted. If the former, 


or Belay. 

they should be adjusted and if the latter, 
they should be smoothed with a fine file, and 
then adjusted. The spring which holds the 
cutout open may be weak or broken or the 
armature on cut-out may stick, due to worn 
or tight parts or dirt. Be sure points are 
smooth. 

The cut-out armature may be drawn to 
magnet core, yet points may not make con¬ 
tact. 

Electrical defects in the operation of the 
cut-out are confined to bad connections or 
grounds. These troubles are rare and should 
be quickly evident after an inspection. Fail¬ 
ure of the cutout armature to open when 
the engine is stopped would indicate trou- 


*See pages 421 and 417. **See pages 404, 406. tSometlmes brushes wear down and brush holder cuts 
commutator. In this case, armature must be removed and trued up on a lathe—see fig. 4, page 404. 







The Idea of this combination electric Bystem Is to 
show ^rhere and how a volt-meter and ampere-meter 
can be used on the average electric system. It is 
understood that the battery is a 6 volt 3-cell bat¬ 
tery aDd also that the only instrument which is a 
regular equipment is the "dash ammeter"—or 
which could be an "indicator." The other instru¬ 
ments VI, V2, VS,* Al, A2, are testing instruments, 
as will be explained. 

An Indicator. 

Is now seldom used but will "be found on some cars. 

It is placed on the dash. When generator is 

charging battery it shows "charge" as per illustra¬ 
tion to the left. When battery is 
disconnected from generator at 

cut-out (V), it shows "discharge" 
if lights are on and engine run¬ 
ning below speed where cut-out 
operates. If lights are off, igni¬ 

tion off and generator off, it will 
show “off." 

The Dash Ammeter. 

Is In general use and instead of showing the word 
"off," "charge" and "discharge," a scale is used 
per fig. 1 above, and fig. 8, page 415. 

Note. On some of the dash ammeters the "charge" 
Is on the left side, or reversed, for instance, see 
fig. 9, page 378. 


How the Volt and Ampere Meter are Used. 



ing at 7 to 10 miles per hour car speed. The cut¬ 
out (V) should close and voltage going to generator 
should be slightly over voltage of battery, in order 
that it may force current into battery. 

If voltage Is lower, or no indication at all, then 
commutator may be dirty, brushes may not bear on 
generator commutator, or rough commutator, or 
grounded brushes, open circuit, or short-circuit or 
grounds in field or armature grinding—see pages 
406, 404, 409, 402, 403. 

Test V2: To test voltage of battery when discharg¬ 
ing, with lights only, on, use the 0 to 30 volt con¬ 
nections and scale. The voltage, if charged, for a 
3 cell battery will be 6 to 6.3 volts or 2 to 2.1 per 
cell. If discharged, it will be 5.4 volts, or 1.7 volts 
per cell. 

If tested when starter is on, a charged battery will 
drop to 5.4 or 1.7 volts per cell, but will regain its 
normal voltage after a short while. If it drops to 
5 volts or less, or 1.6 volts per cell—it is dis¬ 
charged, or if fully charged and drops this low, 
then, plates are sulphated or an internal short-cir¬ 
cuit. See also page 416 and index for "cadmium 
tests." 

Tost V3: To test voltage which reaches starting 
motor from battery, to see if considerable drop, 
test with engine idle but starter switch closed for 
an instant. If drop is considerable there may be 
poor connection at battery terminals or ground con¬ 
nection—if a grounded system. 


Meaning of zero center: Note the "0" is in the 
center and when no current is flowing the needle 
will remain at 0 or zero. The needle can read up 
to 30 amperes on the "charge" side, to the right, 
or 30 ampere on the "discharge" side, to the left 
and is termed a "30-0-30" scale. 

If generator is running sufficient speed to charge 
battery, then cut-out point V will close and connect 
generator with battery and charge battery, at which 
timje needle will move to the right or "charge" side 
of 0—if connected correctly. 

If engine slows down, and cut-out V opens, then 
battery is disconnected from generator, and as igni¬ 
tion is being consumed from battery the needle will 
move slightly on the left of 0, or "discharge" side 
of zero—as the battery would be discharging instead 
of taking a charge. If lights were on, then the 
needle would go further on the discharge side, as 
more current will be discharging from battery. 

The above clearly Bhows that needle moves one di¬ 
rection when current Is flowing from positive con¬ 
nection ( + ) of generator —to ( + ) of meter—to 
(-f-) of battery, but needle operates in opposite 
direction, when current is flowing hack from bat¬ 
tery to meter—as you will note connection is with 
negative side (—) of meter in this instance—hence 
reason for sero (0) in the center on the dash am¬ 
meter. 

Voltmeter Tests. 

The voltmeter is always placed across the line and 
showB the voltage or pressure of a circuit. The in¬ 
strument used is the Weston, per page 414—which 
read carefully. 

Test VI: To test voltage of generator: Use the 

0 to 30 connections and scale. The maximum 
voltage will be indicated when generator is operat¬ 


Ammeter Tests. 

Ampere teats are to ascertain the quantity of cur¬ 
rent flowing. A "shunt" must be used—aee page 
414. Connect the shunt in the circuit as shown at 
tests Al and A2, being sure positive (-+-) wire of 
circuit is connected to (-f) connection of meter, 
and the negative (—) wire of circuit to .1 binding 
post of meter—see page 414. 

Test Al: To test accuracy of dash ammeter; use 

the 30 ampere shunt and connect as shown. Speed 
engine up and note if the reading is the same on 
the dash ammeter as on the testing instrument—see 
also page 398. 

Test Al: To test cut-out: Use 0 to 30 shunt and 
scale. At a car speed of 7 to 10 miles per hour, 
cut-out (V) should close and at 15 or 20 miles car 
speed generator should be charging battery at 10 to 
20 amperes—if lights are off—(varies on different 
systems). If it shows less than 10 amperes the 
"regulator" or “third-brush" should be regulated 
to bring the current up to at least 10 amperes, 15 
amperes being the average. 

Throttle engine slowly and note needle will drop 
back towards zero and note when it reaches zero 
if cut-out (V) opens and at what car speed. See 
page 417 for trouble indications told by ammeter. 
Test A2: To test amperage required by suiting 
motor: Use the 300 ampere shunt and connect as 
shown. Test with engine idle. It is assumed that 
battery shows 1,275 to 1,300 hydrometer test, and 
is supposed to be charged. Average starting me- 
tor requires 130 to 150 amperes. If it shows 220 
to 225 or more amperes, engine is stiff, short-cir¬ 
cuit in motor or brush holders—sr may be the 
starter mechanism is out of order. See also pages 
416, 406 and index for "cadmium tests." 


I 


CHART NO. 189A—How the Volt and Ammeter are connected to the Electric System of a car for 
Various Tests. How to Test the Accuracy of the Dash Ammeter or Indicator. 

alse pages 414, 416, 402, 406. 
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ble in the aeries coil, while failure to dose 
might be caused by a defect in either series 
or shunt coil. 

ttTo determine whether the cutout 1 a work¬ 
ing properly the car should be driven on 
high gear at speeds varying from 6 to 15 
miles per hour and the speed at which the 
cutout operates should be noted. The cor¬ 


rect speed can usually be found from the 
makers instruction book. 

Circuits. 

See that all circuits between dynamo and 
battery are intact and all binding posts and 
contacts tight and remember that a complete 
circuit is necessary in order that the elec¬ 
tric current may do its work. 


♦Adjusting Silent Chain. 



Instructions for replacing the 
starter and generator chain on 
the North East starter-genera¬ 
tor as used on the Dodge car 
is shown in figs. 


First:—P ass 
short piece of 
wire through 
end of chain 
and bend into 
form of staple. 

Second:—Start 
chain on lower 
side of sprocket (S). Hook 
wire (W) through sprocket 
to keep chain in mesh and 
turn engine with starting 
crank unit until end of chain appears at top of 
sprocket. Remove wire from sprocket, hold end 


1 and 2 
example. 


as an 


of chain and continue to turn engine until chain 
is in position for applying master link. 

Chain driven starting motors and genera¬ 
tors should have the chain kept lubricated 
and adjusted, but never adjust chain too 
tight. 

The silent chain which drives the genera¬ 
tor should have frequent and thorough lu¬ 
brication. Ordinary lubricating oil will do 
for this purpose and as soon as the oil has 
penetrated to all the joints the outside of 
the chain should be wiped clean so that a 
minimum of dust will adhere. 

The chain may be tightened by loosening 
the two screws which hold the generator on 
its bracket and moving the generator over 
the required distance by means of the ad¬ 
justing screw on the side next the engine. 


Locating Generator Troubles. 


Under the heading of “care of the gen¬ 
erator” the subject of commutators and 
brushes was treated. This is usually the 
first place to look for generator troubles. 
Other troubles are: 

Afmature Troubles. 

Armature windings may be burned out 
or grounded. When burnt out the trouble 
may be due to a current overload, due to 
improper regulation, a soaked winding or 
a steady and prolonged return flow from the 
battery, due to failure of the circuit breaker 
contact points to open. A grounded arma¬ 
ture winding is due to defective insulation. 

♦♦Locating Armature Troubles. 

Armature troubles are sometimes found 
in the attaching leads at the commutator 
segments. The solder attaching same, may 
be thrown off in revolving. This can be 
soldered back to the segment by an elec¬ 
trician. 

Dim lamps, low voltage and undercharged 
battery might be the result of armature 
trouble. One of the armature coils might 
be short-circuited, burned out or a connec¬ 
tion might be loose or broken. 

Any defect in the armature will be indi¬ 
cated by an uneven torque. In the case 
of the generator this may be very easily 
tested by disconnecting the driving me¬ 
chanism, holding the cutout points closed 
and allowing the generator to operate as a 
motor. 

If everything is all right the armature 
will rotate evenly and in the same direc¬ 
tion as when it operates as a generator. 


Whether the torque is even or not may be 
determined by holding the end of the ar¬ 
mature shaft in the hand, and noting 
whether the pull is steady. An uneven pull 
means that one or more of the coils is not 
working; it is just like an engine with a 
missing cylinder. 

If an armature coll Is burned out or there 
is a broken connection the armature will 
invariably stop at a certain point; if this 
is the case, the commutator segments be¬ 
tween the two ends of the coil will also 
be burned. Sometimes the broken connec¬ 
tion occurs at the junction between commu¬ 
tator bar and the coil in which case the 
remedy is to resolder. All other armature 
defects should be left for the factory to 
remedy. 

Another way to test for defective arma¬ 
ture colls is to disconnect the field -and then 
connect the ends of the lamp test wires to 
the brush holders. If the armature is 
perfect the lamp should stay lighted dur¬ 
ing a full rotation of the armature, but if 
there is a broken connection or defective 
coil it will go out when this is reached. 

No current in the generator may be due 
to a broken connection, short circuit 
or broken driving mechanism. The last 
trouble should be looked for first, and sim¬ 
ply means that the generator driving shaft 
should be tested to determine whether it 
is solidly connected to the engine or not. 
It is possible that one of the driving keys 
has sheared off or that the driving gear, 
chain or belt, as the case may be, has 
failed, (see page 402.) 


•See pages 118. 729 and index '‘silent chains.** tSee instruction 82A, for storage battery troubles. 
••See pages 402, 406, 416. 

ttWard-Leonard Oo. state that the only way the cut-out manufactured by them could give trouble^ 
would be due to an open circuit in armature of generator, or open lead wire between battery ana 
generator, or else the connections at battery be reversed, (see pages 342, 344 for Ward-Leonard.) 
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A broken connection at one of the brashes 
.would prevent delivery of current by the 
generator. Like wisp a dead short circuit In 
the generator would cause the same trouble. 

Armature tests for ground, etc. are treated 
further on—see pages 402, 403, 406, 410. 

. A grounded generator can be caused by 
an accumulation of dust worn from the 
brushes or a defective insulation of the 
armature or field coils. 

Weak field magnets will vary in cause, 
according to whether the magnets are per¬ 
manent or wound. In the permanent 
magnets the cause is generally due 
to exhaustion through long use, no keeper 
used when removing them or mag¬ 
nets reversed when reassembled. In wound 
magnets, shunt field coil or coils may be 


grounded, due to a water soaked generator 
or short-circuited through burning oat, by 
running the generator with the battery Ha- 
connected. They may also be oil-soaked. 

In the circuit-breaker or main contact, 
as it is often called, there may be a direct 
mechanical break, a burned eut coil doe to 
current overload or a ground due to de¬ 
fective insulation, a bad adjustment which 
does not allow the generator to cut in at 
all or if so at an improper speed or the 
contact points may be sticking. The latter 
is due to a mechanical break, disintegra¬ 
tion of weights where worn out or dirty 
contact points, reversed wires at the gen¬ 
erator terminal or a backfire of the engine. 

A short circuit in the circuit-breaker al¬ 
lows current to discharge battery through 
generator at less than charging speeds. 


♦Short-Circuits 

A short-circuit means that two conductors 
of current are in metallic contact when they 
should not be. 

For example, on a two-wire system as per 
fig. 4, if one wire was * * grounded 1 * to frame 
of car at A and B, a short-circuit would be 
the result—as the path of the current would 
be shorted. 




On a single-wire system per 
fig. 2, we would have the same 
result; the frame of the car act¬ 
ing as the return wire. 

On a two-wire system, fig. 3, if 
wire was “grounded” at A, the 
current could still flow to the 
lamp—therefore this would be 
termed a ground. 

Therefore, the term short-circuit means 
that the wire is in metallic contact with its 
return circuit, which could be another wire, 
or the frame of the car or any metal part of 
car, if the latter is in metallic contact with 
frame. 

A “dead short-circuit” is a term often 


and Grounds. 

used and applies to a short-circuit of such 
magnitude that the entire current carried 
is fully short-circuited by making firm con¬ 
tact. For instance, refer to fig. 4, in this 
instance a dead short circuit exists at A and 
B—therefore the battery would be shorted 
and result would be that wire would prob¬ 
ably melt and lights would not burn at afi. 
Therefore a fuse, if placed in circuit would 
protect the wiring and battery. 

A slight short-circuit is where the wires 
are not making full contact but enough to 
make slight contact. For instance two wires 
close to engine, not properly insulated may 
make a slight contact due to heat, through 
insulation and dim the lights, or frayed ends 
of wires at switch terminals may bridge 
across and short the connection from jolting 
of car and occasionally cause the lights to 
dim or go out. Oil soaked wires may be 
close together and also cause a slight short 
circuit and result in dim lights and gradu¬ 
ally weaken battery. 

A ground means that the conductor or 
wire is in contact with metal part of ear, 
as frame, engine, etc. It can be a bad 
ground where contact 1 is firmly made or 
slight, where oil soaked or a damp wire, or 
poorly insulated wire is in contact with 
metal part of car, but not firmly as resist¬ 
ance of insolation prevents, .but enough to 
cause leakage of current which will gradu¬ 
ally discharge battery, and in some casei 
may become entirely discharged in a very 
short while. 

This kind of a short circuit is first noticed 
when the starter seems weak and the lights seas 
to grow dim at low car speed, and brighten ip 
as the dynamo outs in. 


Fuses. 


Purpose is to protect the circuit against 
short-circuits which would heat the wire and 
discharge battery. Instead of the wire 
heating and melting, the fuse would melt. 
Fuse wires are made in different diameters. 
It is made of lead alloy and will melt at a 
given temperature. If a lighting circuit re¬ 


quired 10 amperes of current, then a 15 am¬ 
pere fuse would be placed in the circuit 
Therefore current up to 15 amperes eouM 
pass safely, but if more, which would nat¬ 
urally be the result if a short-circuit existed, 
the fuse would melt and open the circuit, 
(see page 428.) 


See pages 441 and 207 for meaning of amperes, etc. (Illustration from Motor Age, by B. M. Ikert) 
*See also pages 406, 418, 403, 416. 


i 
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Indications of Grounds and 
Short Circuits. 

(1) Battery will beeome exhausted, re¬ 
gardless of the charging it receives. (2) 
□Battery will run down (discharge) over 
anight. (3) Lamps when turned on will 
barn dimly. (4) Ammeter pointer m y go 
tto limit of “ discharge” scale. (5) Start- 
bag motor may act sluggishly, or not at all. 
<«> Fuses 4 blow” repeatedly. 

A short circuit in any lamp circuit will 
wumally cause a fuse to “blow” or melt. If 
this occurs, it is evident that the wire lead- 
ing from the fuse is in contact with the 
* 'ground” or frame of car, or other metal, 
or that insulation has been injured and con¬ 
ductor is in contact with ether metal, there¬ 
by grounding it to frame. The wire must 
'be inspected along its entire length until 
trouble has been located and corrected. 

Wire having injured insulation should be 
wrapped with friction tape to prevent con¬ 
tact with frame or other conductive ma¬ 
terial. 

Some Causes of Grounds and 
Short Circuit. 

First of all, the ground may be In the 
battery itself, and may be caused by 
buckled plates or an accumulation -of sedi¬ 
ment. The former trouble is usually the 
result of charging or discharging the bat- 
. iery at too high a rate, and the latter is due 
to neglect to clean the sediment out before 
the chamber provided for its collection be¬ 
comes filled. This would be termed an * ‘In¬ 
ternal” short-circuit. 

The next place to look for the “ground” 
in on the battery exterior. Spilled acid may 

Testing for Grounds 

First be sure a ground or short circuit ex¬ 
ists. This test can be made several ways. 
**The amperemeter will indicate same by 
showing ‘ * discharge, ’ ’ but if there is no am¬ 
peremeter on the car, then open all switches, 
disconnect one ter¬ 
minal of battery 
(usually a lead 
fug), strike the 
connection lightly 
against battery 
terminal in quick 
succession. If a 
Fig. 6. Testing for grounds, spark occurs, even 
though very slight, it indicates a ‘ * ground ’ ’ 
or “short circuit” (seepage 406, 403, 418). 

The next procedure is to find the ground 
or short circuit. 

(1) Examine first, the battery wiring. 
Examine carefully all of the conductor wires 
connected at one end of the battery term¬ 
inals and at the other end to the bus bars 
of the lighting switch. Make certain that 


cause a partial short circuit. The top of 
the battery should be wiped clean, treated 
with a solution of potash and then the metal 
parts should be covered with vaseline. 

If current is flowing into the external 
circuit, this fact may be determined by dis¬ 
connecting one of the battery wires and then 
touching it for an instant to the terminal 
it was just removed from. If any current is 
flowing a spark will be seen. If any con¬ 
siderable amount of electrical energy is 
being lost, this fact should also be indicated 
on the ammeter if one is fitted. 

The most likely place to look for trouble 
Is In the cutout, as it may be closed. The 
failure of the cutout to open may be due to 
several things, taken up under the heading 
“Cutout or Belay.” 

As a precaution the starting switch should 
be examined, as it is possible that it did not 
release fully the last time it was used and 
that some current is short-circuited through 
it. 

Having gone through these preliminaries, 
the next step Is to start from the battery and 
examine all the circuits, taking the main 
ones first. Disconnect the main feed wires 
where they enter the junction box or bat¬ 
tery, and note whether the ammeter goes 
back to zero. If it does there is a ground 
between this point and the battery. 

Put these wires back and then disconnect 
all other wires from the junction box. If 
current is still flowing the trouble is in the 
junction box, but if not it must be in one 
of the circuits running from this point. If 
this is so, then remove wires and test each 
separately. 

and Short Circuits. 

the insulation is perfect, and that no sharp 
metal corners or edges cut through. Also 
that no frayed wires are bridging across at 
the bus bar. In the same manner examine 
carefully the wiring from the battery to 
the starting motor and starting switch. If 
battery has been discharged, have it re¬ 
charged. See also page 241. 

(2) Examine lamp base and socket, quite 
often the slight short circuits are located 
at this point. One of the strands of wire 
where attached to small screw in lamp 
socket may be touching—examine lamp base. 
If not at this point the trouble may be 
found in the wiring where connected to 
lamps having worn. Electric light bulbs, 
if loose where the glass part is cemented 
to the metal base, will also cause a short 
circuit, as the “lead-in wires” are very 
close together, and jolting of the car will 
cause these leads to touch one another, this 
means a new bulb and perhaps a new fuse. 
Defective lamps should be discarded, before 
they cause trouble, see also page 403. 



‘Also pages 402, 403, 406, 418, 416. 

**This instrument is usually referred to as an Ammeter—see pages 410, 414. 
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A Combination Volt-Ammeter for Automobile Electric Tests. 


Instead of having a separate voltmeter and ammeter. 

it is possible to combine both in one instrument, 
using the same scale. The Weston model 280, gar¬ 
age testing voltammeter will be used as an example. 


As a Voltmeter. 


When using Instrument for volts: See fig. 1, and 
note terminals are marked .1, 3, 30, +. The posi¬ 
tive or ( + ) terminal of instrument is always con¬ 
nected with the positive (+) wire of circuit being 
tested. When making connections where polarity 
is not known, the needle will deflect to the left if 
connected wrong—reverse connections. 


If voltage to be tested is known to be between 3 
and 30 volts, then connect the other or negative 
(—) wire to terminal 
marked 30 and use 
the scale 0 to 30. 
the divisions of 
scale being 0.5 volt 
for each line (the 
scale fig. 4, has 60 
divisions). 

If voltage is known 
to be between 1 to 
3 volts, connect neg¬ 
ative wire with ter¬ 
minals marked 3, and use scale 0 to 3, the divi¬ 
sions of scale being 0.05 volt for each line. 



If voltage Is known to be less than 1 volt, connect 
negative wire with terminal marked .1, and use 
scale 0 to 3. 


When making voltage or ampere tests, the button 
(PB) fig. 1, is pressed for indication. 

The zero adjustment* fig. 2, is merely used to line 
up needle with zero or “O," when starting to use 
instrument. 

A voltmeter is always connected across the line, as 
per figs. 1, VI and V2, page 410. It is used to in¬ 
dicate the voltage pressure of an electric circuit. 


As an Ammeter. 



Shunts. 

A shunt is merely a choker or a form of resistance 
metal R, fig. 2A, which is “shunted'’ Between the 
two terminals (-f and 
.1) of meter per fig. 2. 
It must be used with all 
ampere tests. 

The reason a shunt must 
be used is due to the 
Fig. 2A. fact that it is not prac¬ 

tical to carry more than 
a fraction of an ampere through the moving coil K, 
fig. 4, of the meter. Where currents are small, the 
shunts are usually contained in the meter case, but 
for large current, external shunts are used so as 
to keep the heat developed in the shunts outside 
the meter and also, for convenience, as the shunt 
can be located in the circuit wherever easiest and 
connected with meter by a small cable, thus saving 
running heavy wires to the instrument. 



As stated only a fraction of an ampere cam pms 
through the meter, therefore, in order that 11' 
1/100, 1/1000 part of the total current shall ps«* 
through the meter, it is necessary that the resisuat 1 
(R) of the shunt be such that 9/10. or 99/lOt «r 
999/1000 part of the total current will pass thresp 
the shunt—which is all figured out by the as s n 
facturers and it is only necessary to know tb- 
capacity of the shunt and connect as shown in fig. 

2 and then take ‘the actual readings on the scab* 

A millivolt is 1/1000 part of a volt. The eesuwr- 
tion .1 on meter is often referred to as the 1W 
millivolt terminal, which is 1/10 of a volt. Thi* 
however, refers to the millivolt drop in the skti: 
which is figured out by the manufacturer and is o: 
no interest with automobile work. 

Capacity of Shunt to Use and 
Range of Scale. 

Shunts to use with this instrument: There are three 
external shunts as follows: 

30t> • ampere with which use the scale 0 to 90& 
Each division or mark on scale represent* 5 am¬ 
peres. 

30 ampere, with which use the scale 0 to 30. Ead 
division or mark represents 0.5 amperes. 

3 ampere, with which use the scale 0 to 3. Each 

division or mark represents 0.05 amperes. , 

When testing where you do not know wbat tha am- i 
perage Is likely to he, as testing for short circuit* 
it is advisable to assume that the highest possaMt 
amperage is to pass through meter, therefore bm 
the 300 ampere shunt. If the deflection obtniacd . 
is less than 30 amperes, then use the 30 ampere 
shunt and scale, to gain a more accurate reading 
Should the indication now be less than 3 am pen-f¬ 
use the 3 ampere shunt. 

The 3 ampere shunt and range is convenient for 
measuring single lights, and ignition. 

The 30 ampere shunt and range is convenient to 
measure current delivered by generator to batterv 
per Al, fig. 1, page 410; for measuring current re¬ 
quired by the lights, horn, etc., and also for testiaf 
short-circuits and open circuits per page 402. 414 I 
The 300 ampere shunt sod range is convenient far I 
measuring the current required by starting motor. I 

per A2, fig. 1, page 410 also for testing for shorts. I 


Internal Connections 

Of the Weston model 280 garage testing ’ 

Is shown In fig. 4. Note when button PB is pressed 

the cnireot 
flows through 
the moving 
coil, them 
through re¬ 
sistors. Re¬ 
sistance C if 
the adjustiag 
resistor for 
the 100 milk 
volt range: C 
and B are is 
series for the 
3 volt range 
and O, B and 

for the 30 volt range. When used as an ammeter, the 
and 100 millivolt, or ,1 binding posta, are con¬ 
nected to the terminals T on the shunt fig. 2A. The 
main current passes through the external shut. 
” hen button PB is pressed only sufficient current 
passes through the instrument to cause it to nroD- 
erly indicate. y ^ 




Fig. so 


Ammeter Principle. 

The original “gravity" principle of is 
ammeter,*which is now seldom used, ii 
shown In fig. 30. Note the “helix” 
draws the iron core into it. thus moving 
the needle. Greater the current, greater 
the draw. The modern principle is the 
“moving coll, permanent magnet" tm 
per fig. 4. 


2HART NO. 190—Description of the Volt-Ammeter. See also pages 416, 410, 402, 403, 406. 
fote—A. L. Dyke. Electric Dept.. Granite Bldg., St. Louis, Mo., is in position to supply electrical testing in*trm- 
nents. See advertisement in back of book. 
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(3) Test each lamp circuit separate. 
"^Tith engine at a standstill, close the sev- 
exal switches to the lighting circuits one 
wlX a time and watch the ammeter needle 
closely as each switch is closed. If the 
zaeedle swings to the “discharge” side of 
felie instrument and holds there, a short cir¬ 
cuit exists somewhere in the circuit whose 
S'witch is closed. Try all circuits in this 
manner, one at a time. If the ammeter in¬ 
dicates only the proper amount of current 
consumption for the several lighting cir¬ 
cuits, as they are switched on, no further 
ce&rch for short circuits or grounds is neces¬ 


sary. However, if the ammeter needle 
swings against the side of the case as above, 
for one or more circuits, then you must pro¬ 
ceed. until the trouble is located—see pages 
406, 418, 403. 

If there is no ampere-meter on the dash 
to guide you, then it will be necessary to 
continue search until there is no spark at 
the battery terminal with switch open. If 
the trouble is found in poor insulation, 
then wrap the part with friction tape. 

Testing wires for short circuits, also see 
pages 403, 406, 418, 410. 


♦Open Circuits; Meaning of, and Indication. 


An open circuit is an Incomplete circuit. 
Therefore, it does not offer a passage for 
current. 

Ammeter does not indicate either 
* • charge” or “discharge.” Lamps do not 
light when turned on. 

Starting motor does not crank engine 
when starting pedal is pressed to the full 
limit of its travel. 

Open circuits, may frequently be located 
by examinations of all wires and terminals. 
Loose screws and nuts, poorly soldered and 
insecure wires, corroded* connections and 
terminals are likely to be the cause of open 
circuit. Go over the wiring carefully be¬ 
fore making tests. 

Wire and terminals should make good 
contact. The parts making contact should 
be clean. Solder all wire connections and 
use common baking soda and water for 
cleaning battery terminals. 

If ammeter does not Indicate “charge” 
when engine is speeded up, or does not indi¬ 
cate “discharge” with lamps turned on, 
engine at rest, an open circuit exists be¬ 
tween dynamo and battery. . 

If any one lamp falls to light, It Indi¬ 
cates open circuit in that line, “blown” 

fuses, broken lamp filament, or broken lamp 
wire may be responsible. 

If all lamps fall to light when engine and 
dynamo are speeded up, the open circuit is 


most likely located between battery and 
dynamo, or between dynamo and lighting 
switch. 

The * ‘blowing’ * or melting of a fuse opens 
the circuit and disconnects from system the 
short-circuited wire which caused fuse to 
blow. 

In testing for open circuits the first thing 
to determine is, which one of the circuits is 
open; then see if connections are o. k. If 
so, then test the suspected wire and see if 
it is broken inside of its insulation by 
running another wire temporarily in its 
place and note if it remedies the trouble. 

An open circuit that happens often, and 
one that is difficult to find, is a broken wire 
inside of the insulation of the lighting 
wiring. The easiest way to find the break, 
is to connect both ends of the suspected 
wire to a dry cell and a bell, in such 
manner that the bell would ring if the wire 
isn’t broken. Then take piece of thin 
wire about 3 feet long and wrap each end 
of it around two ordinary pins with one 
pin in each hand, stick them through the in¬ 
sulation, when bell rings, the break is some¬ 
where between the pins. 

Testing current flow: Whether or not 
current is flowing in a given circuit may 
be determined by removing one of the wires 
forming the circuit, and then touching it 
to its terminal. If a spark occurs current 
is passing through the line—also see page 
418, 403, 410, 406. 


tPnzpose: It is provided as a signal for 
the operator. In case current is not being 
generated, due to loose connections, broken 

(1) It indicates when 
the dynamo charges 
battery, and at what 
rate. (2) TX also in¬ 
dicates the rate of dis¬ 
charge from battery to 
lamps. It shows 
whether or not the 
system is working 
properly. (3) When 
battery is neither 
charging nor discharg¬ 
ing, the pointer should 
Fig. 8. indicate "O.” 

wire or other causes, the operator is in¬ 
formed of this failure in time to have the 
trouble remedied before the battery is ex¬ 
hausted. 


**The Ampere Meter (also Ammeter). 



The ammeter is placed in series with the 

circuit, as shown on page 391, 410. It 
shows the amount or quantity of current, the 
lights, ignition, and horn use, and the 
amount of current the generator puts into 
the storage battery. 

It does not show the amount of current 
used by the starting motor, and should not 
be used thus, unless special shunt resistance 
is used in connection as explained on page 
410, and 414, 416. 

The ammeter needle indicates that bat¬ 
tery is being charged by generator when 
the needle is on the right side of (O.) The 
amount of charge in amperes is indicated 
on the dial by figures, fig. 8—see also page 
410. 


•See pages 416 and 418. tSee page 414 for principle of operation. 

**See page 398, 414 for construction of a volt-ammeter. Also note that on ammeter, fig. 8, the dis¬ 
charge is on the left side. On page 378 (Delco-Buick ammeter) the discharge is on the right 
side. This varies with different makes. 
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Electrical Troubles: Indications, Causes and Volt-Ammeter Tests for 8ame. 


The electric system of a car consists principally 
of four units, per page 410 and as follows: 

(a) generator, including the regulator and cut-out. 

(b) battery. 

(c) starting motor, including starter switch. 

(d) wiring system. 

(a) Generator Troubles. 

Generator troubles are: 

(1) failure to generate current at all. 

(2) failure to generate sufficient current. 
Indication of (1) is: failure of dash ammeter to 
show charge. Cause; fuse blofen; open circuit; 
short-circuits and grounds in the field or armature 
circuit of generator. Tests; see pages 410, 406, 

405, 408. 

Indication of (2) is: low reading on dash ammeter. 
Cause; brushes not set for proper current; regulator 
defective; dirty commutator, brushes not bearing 
on commutator; commutator worn; brushes ground¬ 
ed. Tests: see pages 406, 404, 410, 402, 408. 

(b) Battery Troubles. 

Battery troubles are: 

(1) failure of generator to charge battery. 

(2) battery will not hold charge. 

(8) battery voltage drops immediately after charg¬ 
ing. 

Indication of (1) is: ammeter does not show charge. 
Cause: may be due to generator, see * 'generator 
troubles; * ’ may be due to cut-out not operating 
properly; may be due to open-circuit in the line. 
Tests: see pages 410, 406, 402, 408. 

Indications of (2) are: slow cranking of starting 
motor, dim lights when battery supplies current; 
missing of ignition. Cause: may not be getting 
sufficient charge from generator; may be running 
mostly at n.ght with lights on; excessive current 
consumption of starting motor; internal short-circuit 
of battery cells; grounded wiring system. Tests; 
see pages 410, 422, 403, 406. 

Indication of (3) is: starting motor turns over very 
slowly and lights dim considerably. Cause: inter¬ 
nal short circuit of one or more cells; grounded 
starting motor switch. Tests: see page 410 for 
battery test, then see index for “Cadmium test” 
of battery cells. See also, pages 422, 458, 461. 
408, 456. 

(c) Starting Motor Troubles. 

Starting motor troubles are: 

(11 failure to operate. 

(2) operates slowly and not sufficient power to 
crank engine. 

Causes of (1): Battery weal;, test per figs. 2 and 1; 
open or short circuits or grounds may exist in wir¬ 
ing from battery to starter switch (see page 408) ; 
sticking starting switch (common); mechanical 
trouble with starter mechanism. Test by examining 
each carefully. If none of these causes, then the 
trouble is an internal one of motor and may be 
due to open circuit in motor armature or field. Test 
per pages 402, 403, 406. Or may be due to dirty 
commutator; grounded brushes. Test per pages 

406, 404, 400. 

Causes of (2) are: battery discharged— test bat¬ 
tery; poor contact at battery terminal or ground 
wire from battery to frame; poor brush contact; 
dirty commutator. Test per pages 406, 410. 

(d) Wiring System Troubles. 

Wiring troubles are: 

(1) all lights out, none burn. 

(2) only one branch of lights burn. 

Cause of (1): Fuses blown; battery discharged or 
disconnected; poor* connection at battery terminal or 
ground wire; open-circuit; short-circuit. Test bat¬ 
tery; examine connections—see page 406, 418, 403, 
419. 

Causes of (2): open-circuit; short-circuit or ground 
in this branch. Test per page 403, 406, 418. May 
be due to burned out lamp bulbR or poor contact at 
lamp sockets. See pages 419. 420, 424. 
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Miscellaneous Tests. 

On page 414 a voltmeter is described which 
used extensively by repairmen for electric 
as foUows: 

Horn test, page 418. 

Cut-out and dash-ammeter, 410. 

Fuses, 428, 418. 

Generator and starting motor, 424. 

Grounded armature coil, 402, 406, 410. 
Short-circuited armature coil, 402, 406. 
Grounded field coil, 403, 406. 

Short-circuited field coil, 403, 406. 

Commutator troubles, 404, 406. 

Wiring system, grounded and shorted, 403. 406.4 
Starting motor shorted, 406, 410. 

Battery tests, * 410, 406, 450, see also index 
“cadmium tests.** 


Battery Tests. | 

A battery is usually tested with a hydxometw 
sometimes It tests 1275 to 1300 which is sup] 

__ __ to be charged. ; 

fails to hold 
charge. In this 
stance, use 30 
connection on i 
per figs. 2 and TZ 
page 410. Note i 
it should show 
volts on page 419. 
If an cells de sat 

no. I- : - come np to test, thfi 

i L i—i tost each ceD of ha 

tf tery separately who 

' in order to tU 

vfn “lnfieWTl on normal d'■chars?, 

TpS 5 | T n Which cell is defer* 

vw ° Jkt \ti ±1 tive » P er *1*- 2 Sw 

l=£=-=JJ page 410. *howii< 

*mf*M*f. what it should le* 

see also index far 
“cadmium test.” Each cell should show the saw 
To teet current consnmed by starting motor, 
page 410. 

'Field Coll Tests. 

Note illustrations figs. 3 and 4 and observe tha dif¬ 
ference between a “ground** and a “short-drcsit M 
When tooting field for * 
ground, be sure both lei 
coil ends. E and EE u* 
disconnected from £ 
terminals. Use 30 
connection as shown » 
fig. 3. Place one test 
point on EE and etta 
on frame at G, if dt- 
flection is shown, 
coil is grounded and > 
new one must be isy 
5S. m plied. 

_ 4 To test if open drah 

X place one test-point « 

l ruu \ E and other on EE. d 

N -X the voltage is the *>** 

•V* t\ as the two t®**?®* 1 * 

I were placed torrthtr 

\7y | then coil is o. k. M 

L needle of meter doe*®* 

vommot move, coil is open. 

On generators, there are usually two wlndtaf*.* 
series and a shunt, fig. 4. Disconnect both eadi« 
both coils (SE, SH), and be sure the ends are w* 
in contact with frame or metal parts. Use 30 vek 
connections on meter. Place one test point on at 
end of series (SE), other on shunt coil end (SH>; 
if short-circuited, there will be a deflection » 
needle. If not shorted, there will be no defieefia 
of needle. See also pages 403, 402. 


OHABT NO. 191—Electrical Troubles and How To Test with Voltammeter— using meter exp^l 
on page 414. See also pages 402, 406, 410. 
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Ammeter Indications. 


When generator Is not charging battery, 
and if battery is being used for lights, 
ignition, or horn, the needle will be on the 
left side of (O) and ‘amount of eurrent 
being consumed, will be shown in figures 
on dial, (see fig. 8, page 415, 410.) 

If on connecting a meter the needle should 
go to the left, or discharge side, when en¬ 
gine is running at fairly good speed and 
generator was generating current, then it in¬ 
dicates that the terminals have been con¬ 
nected wrong — reverse the connections, 
(needle may also be bent). 

If needle is forced to the scale limit on 
discharge side, it indicates an overload or 
abort circuit. 

When engine is running and .lamps burn¬ 
ing and ammeter hand stands at aero, it 


indicates the generator is producing exactly 
the same amount of current that the lamps 
are consuming. 

When car is running 12 miles or more per 
hour, with lights off, ammeter should indi¬ 
cate 4 4 charge . 9 9 

Average Ammeter Headings. 

The following scale will give an average 
reading of an ammeter with lights off and 
on: 


Oar Speed Light* 

At rest Off 

At rest On 

Below 6 or 8 m.p.h. On 

Below 6 or 8 m.p.h. Off 

Above 10-12 m.p.h. Off 

Above 10-12 m.p.h. On 


Am. Reading*. 
Zero 

Disoharge 5-7 amp. 
Discharge 6-7 amp. 
Zero 

Charge 5 to 0 amp. 
Charge ft to 8 amp. 


These reading* are based on lamp equipment of 
two 16 c. p. 7-volt headlights, and one 2 c. p. 
rear lamp. 


♦Trouble Indications as Told by the 
Ammeter. 


In this instance we refer to the ammeter 
as usually attached to the dash board of a 
car (pages 415, 410, 406.) 

Ammeter troubles may be divided Into 
two classes: those that manifest themselves 
when the engine is idle and those that only 
show when it is running. Both classes have 
two subdivisions, with lamps on and with 
lamps off. 

Bemamber that the ammeter should show 
“charge” at speeds above 8 or 10 miles 
per hour; and that when engine is at rest 
and lights turned off, needle should stand 
at “zero” and not show 4 * discharge . 9 9 It 
shows 44 discharge” when lights are on and 
engine idle or speed less than 8 miles. In 
other words battery is then discharging— 
see page 416. 

If ammeter shows “charge” Instead of 
“discharge,” and shows “discharge” in¬ 
stead of “charge/’ it indicates that the 
wires connected to the rear of ammeter 
should be reversed. 

tAmmeter shows “charge” at slow speeds 
and “discharge’ ’ at high speeds—or in other 
words opposite to what it should show; this 
indicates that battery terminals are reversed, 
because at low speeds battery is supplying 
eurrent for ignition and should show a slight 
44 discharge,” but as an ammeter hand oper¬ 
ates opposite to what it should, when con¬ 
nected wrong, it would show a slight 
4 4 charge.” 

When at nine miles speed or more, the 
generator should cut-in and charge battery 
and ammeter should show 44 charge,” but as 
terminals are reversed it would show 4 4 dis¬ 
charge.” 

If ammeter indicates aero when the dyna¬ 
mo should be charging battery, it shows that 
the circuit is open, or dynamo is at fault. 

Ammeter does not indicate 4 4 charge” 
when engine speeds up—but Indicates 4 ‘dis¬ 
charge” when lights are turned on, engine 


at rest.—Dynamo or regulator not working 
properly. Dynamo brushes do not slide 
freely in holders. 

Ammeter does not indicate “charge” 
engine speeded up—and does not i ndi c ate 
4 ’discharge” lights on, engine at rest.— 
Open or loose connection in the battery cir¬ 
cuit. Battery terminals loose. Dynamo 
terminals loose. Ammeter may be at fault. 

Ammeter Indicates “discharge” lights 
turned off, engine at rest.—Ammeter pointer 
bent. Insulation on wires injured, permit¬ 
ting contact with frame, causing ground or 
short circuit. Cut-out points stuck. 

If the trouble seems to be in the amme¬ 
ter, it is well to place a test ammeter in 
circuit, to check the first instrument. If the 
instrument registers incorrectly it si trald 
be returned to its makers for repair. 

Ammeter indicates “charge,” engine at 
rest.—Ammeter pointer bent. If current is 
flowing, meter or battery terminals con¬ 
nected wrong. 

♦♦Ammeter “charge” indications below 
normal—Dynamo output varies with con¬ 
dition of battery, (see also page 409.) 

Ammeter “discharge” Indications above 
normal—Lamp load excessive or old lamps. 
Wires grounded or shorted. 

Ammeter pointer jerks intermittently 
to “discharge,” limit of scale while engine 
is speeding up.—Short circuit in system. 

Fuses blow out repeatedly.—Heavy ground 
or short circuit or the fuse may be too 
small for the current required. 

If larger than standard bulbs or extra 
lamps are used 4 ’discharge” Indications 
will be higher. The generator may not be 
capable of charging battery sufficiently to 
overcome the excess load, especially if there 
is insufficient day driving or excessive use 
of lamps at night, thereby permitting bat¬ 
tery to discharge more rapidly. 


tVsries on different systems. On some systems the cat-out will vibrate rapidly and meter needle 
swing back and forth—see also page 421. 

♦This applies as well to the Indicator, which is in reality an ammeter. The instructions may vary 
for different systems. **For testing storage battery with a volt-meter, see chart 101, and also index. 
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Electric Testing Board for Lamps, 

Spark Plugs, Horns, Etc. 

Illustration fig. 3, shows a test board and wiring for s a int , 
for testing the following: 

1— Lamp bulbs; either single or double contact bases, see 

page 432. 

2— Fuses—see page 428. 

3— Spark plugs. 

4— —Horns, 

Quite often a lamp does not burn. 

It may be dne to the lamp being 
burned out. or an open-circuit 
in the wiring. To first determine 
if it is due to the lamp bulb, it 
can be quickly tested. If it is 
o, k. then the trouble is In the 
wiring. Hub also applies to the fnse. 

The horn ran be tested by placing an ammeter with the 30 ampere 
shunt {see page 414) in the circuit, per fig. 19. Then adjust to take 
the least possible current. The average horn draws from 8 to 8 
amperes, owing to its size —see page 514. The ammeter can also be 
used to lest the horn for short-circuit or open circuit. 



Fig. 3—A test board for bulbs, 
fuses, spark plugs and horns. 



Ti g, 1: A test lamp and battery, for 
locating troubles in the electric system. 
Fig. 2; Test lamp for locating trouble's 
in a series lighting circuit. 


Electrical Testing Outfits. 

Testing outfits for the electrical repairman which can 
be added are: 

5— Magneto tests per pages 301 to 304. 

6— Magneto remagnetizer, pages 301, 303. 

7— Cadmium test for storage battery, see index. 

8— Hydrometer outfit, per page 452. 

9— Storage battery portable testing outfit, page 474. 

10— Portable lamp and plug testing outfit, page 710. 

11— Battery bench, per page 474. 

12— A steamer for batteries, per page 473. 

Other outfits for the electrical testing and repair depart¬ 
ment could be added as follows: 

13— A cleaning outfit for parts, page 401. 

14— Test points and meters for generator and starting mo¬ 
tor tests, per pages 402, 403, 414, 474, 424, 410, 

How to Locate an Open Circuit with the 
Test Point and Lamp. 

4 L Test-points* * used in connection with a 6-volt “test- 
lamp 1 * can easily be constructed by following the illuatra- 
I ion in fig. 1. For emergency use any two lengths of 
wire with bared ends usually will serve. 


I 




Should test lamp fail to light under any of 
the following conditions, it is an indication 
that there is an open circuit between the 
la$t point where the test lamp would light, 
and the first point along the circuit where it 
failed to light. Suppose you had an Open- 
circuit iu your lighting wiring system—pro¬ 
ceed as follows: 

1— Be sure the fitflO is not apen, by testing: it, per 
page 428. 

2— Teat battery by piecing one test point, PI. fig. 2, 
to positive terminal of battery, the other test 
point P-- to the negative terminal: if the test 
lamp lights, then you know the battery is o. k. 

8—Test the wire to switch, by placing test point, 
P2, at J>; if teat lamp lights, then you know 
your wire to this point is o. k. 

4— Move lest point P2 f to O* on the other side of 
-iwitr-h, Hose switch; if teat lamp lights then 
ynn know the switch connections are « k. 

5— Teat the lamp HZ, by placing test point to the 
right-hand terminal of tamp L2; if ti-st lamp 
burns the wire O is o. k. 

6— Move P2 i to the left-hand terminal of lamp L2. 
When tIlls connection is made the lest lamp and 
lamp L2 will be connected in series a cm— n r- 
miuitls of battery. If lamp L2 is o. k. the fila¬ 
ment of test lamp will brighten up. but not to 


the same extent it did when connected to the 
right-hand terminal of L2. 

7— Move P2 to right-hand of terminal of lamp LI; 
if test lamp glows the same as when the test 
point P2 Was connected to left-hand terminal 
of lamp L2, thfen wire B is e. k. 

8— To test lamp LI and wire leading from (+) 
terminal of battery to lamp LI, may be tested 
by placing test point P2 on the negative (—) 
terminal of the battery, and the test point PI 
on the left-hand terminal of the lamp LI; if 
test lamp lights, this lead is o. k. 

Then move test point PI, to right-hand side of 
Ll, which places the test lamp and lamp LI ia 
series; if lamp Ll is o. k. the test lamp will 
light, but not at full voltage, due to resistance 
of lamp Ll in series with it. 

Testing For Short Circuits with 
Test Point and Lamp. 

Short circuits between two wires may ty 
tested for, with the test lamp and battery 
shown in fig. 1, by placing one test point in 
contact-with one of the wires, and the other 
test point in contact with the other wire. 
If the test lamp lights it is an indication 
that the two wires being tested are connected 
or short-circuited—see also page 403. 


CHART NO, 102—Electrical Repairman s Testing Outfits. Test Points and Test Lights— see tlse 

pages 403, 402, 406, 410, 424 ami 414. 
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Ammeter shows excessive “discharge” at 
iowr speeds or engine idle; this is caused by 
tike cut-out contacts being held closed or 
* € stuck,” and means a dead short circuit 
off the battery through the generator. This 
nrust be corrected at once by disconnecting 
tike points, see pages 409, 411, 410. 

The ammeter will always Indicate If a 
fltiort circuit exists in any part of the wir¬ 
ing, except from the battery to the switch 
t>us bar, and in the starting motor circuit. 

Ammeter Troubles. 

Tapping the ammeter should jar the hand 
loose if it is only stuck. If it still refuses 
to register examine the connections, and 
IT these are all right look at the cutout. 
Anally disconnect one of the main wires 
Trom the generator terminal to see whether 
any current is flowing from the generator, 
and follow the wires from thence to the am¬ 
meter, examining them at each terminal to 
see whether current is flowing by touching 
the disconnected wire to its terminal. 

A rough check on the accuracy of the 
• ammeter may be obtained by noting the 


ampere ratings of the various lights on the 
car and then switching them on one at a 
time. The reading of the ammeter should 
correspond to the total amperage required 
for the lights—see also page 410. 

With the engine running and the lamps 
on, the ammeter may register either “dis¬ 
charge” or “charge,” depending on the 
speed of the engine, the capacity of the 
generator with respect to the lamps, and the 
condition of the battery, that is, whether it 
is charged or not. 

Unsteady reading of the ammeter may 
be due to a defect in the instrument, or 
due to loose contact or intermittent ground. 
See flickering lamps, pages 420 and 421. 

Tests with a Volt-Ammeter. 

In this instance we will refer to the volt- 
ammeter, as described in charts 190 and 
191, and used for general shop testing work. 

. The tests for various troubles, such as, 
short circuits on the line, generator, test¬ 
ing coils of generator and battery cells, 
etc., is shown on pages 410, 402, 403, 406, 
414, 453, 412. 


♦A Digest of Lighting Troubles. 
Starting and lighting troubles are due to 
is or more of the following causes: 


Bad contacts. 

Broken connections. 

Grounds. 

Weak battery. 

Symptoms of these various difficulties 
may conveniently be grouped under the fol¬ 
lowing heads: 

(1) Lamps. 

(2) Generator. 

(8) Battery. 

(4) Motor. 

No. 1, we will treat below. .Nos. 2, 3, 
and 4 are covered on their respective pages 
as enumerated: 

See page 407 for starting troubles. 

See page 411 for generator troubles. 

See page 422 for battery troubles. 

See index for carburetor and ignition 

troubles. 

(1) Lamps. 

Lamps do not light up.—(a) Examine fuse 
block for blown fuses. 

If the fuse is blown, do not replace it 
immediately, but look over the wiring for 
an accidental ground or short circuit. If 
the fuse in the headlight circuit blows, turn 
off the headlight switch until the trouble 
is located and removed In looking for 
grounds, abrasion of the insulation on 
the wire, or a metallic contact between the 
wires, or between current-carrying part of 
the wiring devices and the metal of the 
car, should be looked for. 

When the trouble has been located and 
corrected, then replace the blown fuse with 
another of the same capacity, being sure it 
is the proper size. 


(b) If fuse is found not blown, look for 
open circuits, loose contacts, battery discon¬ 
nected or accidentally run down, or burned 
out lamps. 

Examine the “cutout” switch of the gen 
erator, to see that it is properly disconnect¬ 
ing the generator circuit from ground. This 
switch should be in the open position, when 
the engine is not running, and should be in 
the closed position when the generator is 
running at-any speed over 300 to 450 r. p 
m., this cut-in speed, varying slightly with 
the size of the generator. 

(c) In case battery is run down, re¬ 
charge it immediately, and if possible, give 
it a gassing charge—see page 447. 

No lights or dim lights, with the engine 
running: there is a group of troubles which 
can be classified under the general head of 
open circuits'. There are eleven of these 
which are prominent: 

1— the generator terminal or brush con¬ 
nections may be loose or poor contact. 

2— the wire connections to switch may be 
defective. 

3— defective wire connections to* connec¬ 
tor terminals. 

4— lamp socket terminal loose. 

5— burned-out bulbs. 

6— halves of connectors do not make con¬ 
tact. 

7— bulb bases out of contact with lamp 
sockets. 

8— loose connection on lighting switch. 

9— broken wires, especially at taps. 

10— joints or places subject to abrasion. 

11— defective connections at the lamp. 

Troubles/' Remember, when testing for 
n order to have the electric current do its 


*8ee Instruction 43 for additional “Digest of Lighting 
electrical troubles that a complete circuit Is necessary i 
work. 



420 
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Lamps in one circuit do not burn.—This 
may be caused by; 

(a) The lamp is burnt out. Try another 
lamp in the same socket. 

(b) If fuae is found blown, try the same 
fuse in another circuit. If the fuse is blown 
do not replace it immediately but look over 
the wiring for ground or short circuit. 

If the trouble cannot 'be located imme¬ 
diately turn off the switch on the damaged 
circuit until the trouble baa been located. 

If the trouble is in a particular lamp 
socket, disconnect the attachment plug from 
this socket until the trouble can be re¬ 
moved and see that the removed attach¬ 
ment plug does not dangle in such a way, 
as to make short circuit on the metal of car. 

(c) An open circuit, or broken connec¬ 
tion in the wiring. Examine the places 
where the connections are made on that 
particular circuit. 

(d) In esse trouble is due to short circuit 
on some particular lamp socket, disconnect the 
attachment plus leading to this socket until the 
difficulty can be remedied. 

Fuses blow repeatedly.—lamps defective 
—short circuits—first try new bulbs. Fuse 
may not be large enough capacity. 

Lamps go out for an instant only.—if the 
lamps in one circuit act this way, there is 
probably a loose connection on the circuit 
so affected. 

If all the lamps go out for an instant 
there is probably loose connection at one 
end of the wire from the generator termi¬ 
nal to the fuse box. 

All lights bum dim,—usual trouble is 
loose or slightly grounded connections, or 
poor or corroded connection at the battery. 
More likely the battery simply has not had 
sufficient charging. 

If the wiring is all right, run as much as 
possible with lights off so the dynamo will 
charge the battery at a higher rate. 

If the battery continues to run down, ex¬ 
amine cut-out. If cut-out is o. k., then test 
battery with switch off, for a “ground” 
or slight “short circuit” in the sockets, 
or switch. See chart 189, and fig. 8. 
page 413, and pages 418, 403. 

If there is no ground, then test battery 
electrolyte, also each cell separate as per 

pages 416, 450. 

Lamps may also be old and blackened, 
try new bulbs. 

Lamps too bright.—Regulator evidently 
set for a higher voltage. Use lamps of 
higher voltage. 

Lamps bum out often.—Due either to a 
poor grade lamps used, or not proper volt¬ 
age or inferior grade—see page 403. 

Lamps flicker and ammeter unsteady.— 
Loose connection in light wires. Loose con¬ 
nection between battery and dynamo. Loose 


contact at lamp bulb. Exposed wire toach- 
ing frame intermittently, causing short cir¬ 
cuit. 

. Lamps bum very dimly when starting 
pedal Is used.—Battery very weak, almost 
discharged. Battery injured, probably eae 
or more cells, due to lack of water. Bat¬ 
tery terminals or ground wire not tight. 

Lamps bright, engine speeded up, dim 
when engine slows down or idle; battery 

discharged or loose connection. 

If possible, have the battery charged at mm 
from an outside source. 

If this cannot be done, endeavor to run wtth 
fewer lamps than normal, turned on for a taw 
days, or until the battery voltage picks up iph. 

If the lights grow dim when the car li 
speeded up, wires reversed at dynamo. 

Lamps will not light, but starter craaus 
engine.—Lamps burned out or filament bro¬ 
ken. System short-circuited or open eireutl^ 
at fuse or switch. 

Lamps seem to bum brightly, but fall to 
illuminate road sufficiently,—lamps out ef 
fpeus. Bays of light directed too far up¬ 
ward (see “focusing” page 488.) 

None of the lamps will bum—and no ^axfc 
is obtained for Ignition, this may be due to: 

(a) Terminals of the battery are discon¬ 
nected or corroded, so that they do not 
make good contact. 

(b) Ground wire, from the battery to 
the chassis is disconnected or broken. 

If the ignition is all right, the trouble 
may be due to: 

(al) Lead from the battery to the gen¬ 
erator, disconnected or broken. 

(bl) Lead from generator terminal to 
the fuse box is disconnected or broken. 

(cl) The lamps are burned out. This Is 
likely to happen when either of the troubles 
are a, b, or al. 

(dl) Battery is run down, (see bat¬ 
tery instructions, also page 422, 416, 410.) 

If one lamp bums dim, change the bulb. 
If the same lamp is still dim, test the wir¬ 
ing to the lamp. Examine lamp socket. 

A great many of these troubles are found 
in poor connections in the lamp socket— 
or slight ground in this circuit. 

Lamps flicker:—This trouble is usually 
attributed to loose connections. 

It can also be caused by bad contact er an 
intermittent ground. For instance a sen- 
tact might be just loose enough so that vi¬ 
bration would cause the circuit to be made 
and broken repeatedly. 

A grounded wire might alto cause this trouble 
by alternately making and breaking the ground 
connection. Every time the ground is made the 
light goes out because the current flows through 
the ground instead of through the lamp. 

Obviously the trouble may be roughly located 
by noting whether all the lamps flicker or only 
one. If all do, then the trouble must be In the 
generator, or on the main lines running from It, 
and if only one does, then the trouble is in this 
individual circuit. 
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^Reversal of Battery Terminals To Generator. 


The generator connections to the battery should 
p oai tlTo pole of generator to positive pole of 
ttety and negative pole of generator to negative 
le of battery. 

XT hamttery is connected reversed, as would con¬ 
ic* positive pole of generator with negative pole 
h>»aaery, then it would appear that this series 
mnection would double the voltage, but such is 
>t the case. 

On the Bemy system the battery voltage would 
a sufficient to influence and control the genera¬ 
ls polarity and generator would soon reverse 
solthe ammeter however would read in reverse 
Irection to what it did previously. 

On other systems the field would not reverse 
e adlTy and the needle of ammeter would swing 
ack and forth, due to the cut-out switch vibrat- 
og. The generator in this case would build up 
* it normally would until it reached sufficient 
oltage to close the cut-out switch. The moment 
lain was closed the strength of the field would 
Lecresss, consequently output of generator would 
Imp until such a point the cut-out switch wouiu 

Don’ts and Do’ 

Always disconnect the wire from generator ter¬ 
minal, before disconnecting the battery, and re* 
jonnect the battery before reconnecting terminal. 
Otherwise the lamps may all be burned out if the 
mgins should be started. 

Don't use a piece of wire instead of a fuse; 

Don't short circuit your battery with a pair of 
pliers or screw driver, to see if it’s charged. 
Don’t advance spark, but retard when you start 
with starting motor—throttle partially open. 
Don’t use emery paper on your commutator; use 
fine sand paper. 

Don’t forget to see that your ignition switch, 
spark lever and gas lever, are all in their 
proper positions, before depressing the foot 
switch to start the engine. 

Don’t fail to push down the button of the foot 
switch to its limit. 

Don't continue to crank your engine, if ignition 
does not take place after a few revolutions. 
There is something wrong with your ignition 
system, or the carburetor. Look for the trouble. 
Just turning over the engine will not help mat¬ 
ters, but it will exhaust your battery, if con¬ 
tinued for any length of time. 

Don't allow connections on generator, battery or 
motor to become loose. 

Don’t blame the generator for every trouble you 
may have. As a matter of fact, 00 per cent of 
all troubles originate in switches or wiring con- 


automatically release, then the same action would 
continue causing the cut-out switch to vibrate. 

In many Instances, by merely holding cut-out 
switch down a few minutes it will cause a reversal 
of the polarity of the fields. However, the best 
plan is to connect the battery as it should be. 

On the Delco late systems the polarity of gen¬ 
erator would be reversed and no serious harm 
would result, 

On the early Delco type which used the cut-out, 
the voltage of generator would drop, consequently 
strength of fields, similar to paragraph four. 

The battery would not necessarily discharge 
Itself if connected reversed—providing the gen¬ 
erator immediately changed its polarity as cut-out 
would open circuit as usual when engine was idle. 
The battery would not receive a charge however 
until polarity of generator was reversed. 

If polarity of generator did not change immedi¬ 
ately then battery would discharge, because cut¬ 
out points would open and close repeatedly, 
causing a sparking until points become pitted and 
stuck together. 

a—Bead Carefully. 

nections, at the lamps, which are necessarily 
small and more or less liable to imperfect con¬ 
tact or short circuit. 

Don't forget that it requires twenty times as long 
to restore current to the battery, as it takes to 
start the car. In winter, it is sometimes ad¬ 
visable to use starting crank to save the battery 
current. 

Don't put oil or grease on the commutator of the 
generator or motor. 

Don't tighten up on the silent chain drive unless 
the slack becomes excessive from stretching. The 
chain must be run with a reasonable amount 
of slack to prevent noise and wear. 

Don't fail to lubricate the silent chain drive at 
frequent intervals. Noise will be eliminated and 
wear reduced. Keep the chain and sprockets 
clean, and free from dirt. 

Don't run your car, if for any Reason the battery 
is disconnected from the circuit, unless you have 
disconnected the chain driving the generator, or 
the generator itself has been removed. 

Don't forget to examine your battery at intervals 
of about two weeks, and make certain that the 
electrolyte covers the top of the plates in each 
cell. Bed instruction 82. 

Don't allow your battery to become loose in its 
.box or container. Strap or wedge it tightly in 
'position, and make certain, that the terminals 
cannot come into contact with anything which 
may cause a short circuit. 


Chief In Importance, ranks the care of 
the battery, owing to the fact that it is 
extremely sensitive to the slightest ill treat¬ 
ment. (see storage battery instructions rela¬ 
tive to the construction, care, charging, etc.) 

Storage batteries used for starting and 
li ghting must have heavier terminals and 
parts than one used merely for lighting or 
ignition. This is due to the fact that a 
greater volume or amperes of current is 
drawn for starting motor and the terminals 
must be of sufficient size to carry this heavy 
quantity without heating, (see chart 201.) 

▲ storage battery used for lighting, will 
operate the lights until the specific gravity 
(SG), is down to 1.150, whereas a starting 
battery, should not be allowed to fall below 
1.225 specific gravity. 

If Battery Is disconnected be sure and re¬ 
connect It with same wires or terminals— 
otherwise reversal of current will result. 


tThe Starting and Lighting Storage Battery. 


The wires should be tagged if disconnect¬ 
ed. See “index” disconnecting battery. 

Color of terminals, of a battery. The 
positive terminal Of a battery is always of a 
dark color, and the negative, more a grey 
color. Positive terminals are usually desig¬ 
nated, by a (P) or (+) sign and the nega¬ 
tive by an (N) or (—) sign. 

To test a wire lead from generator for Its 
polarity, if not marked, see chart 204-A. 

If sparking occurs when switch is off, and 
when connections to battery are being made, 
even the smallest spark, it is evident that 
a ground or short-circuit exists in either 
the starting motor wiring or in the wire 
from the battery to the lighting switch. 
Go carefully over the wiring again, as this 
must be located and corrected. 

See fig. 6, page 413, note the method for 
testing the circuit for a ground by sud-. 
denly making contact with battery terminal 
with switch off, see also page 406. 


"Storage battery connections and ground; the positive terminal of a storage battery is usually grounded 
to frame. This connection to frame should be filed clean and tightly drawn together with a bolt, 
or else soldered. 

Often times poor connections at battery terminals and this ground wire, will result in dim lights and 
weak current supply. Always clean battery terminals with file when connecting battery, (see also 
pages 457 and 428). tSee pages 457 and 451. tSee also page 925. 
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♦Starting and Lighting Battery Does Not Stay Charged—Causes. 


The battery does not stay charged —This 
may be due to any of the following: 

(a) \ *The car Is not ran enough without 
lights or at high enough speed for the gen 
erator to charge the battery and replace 
the current that is taken from it when the 
lamps are burning with the engine idle or 
running at very low speed. 

(b) A ground in the car wiring. With 
the engine idle and all switches “off,” 
disconnect the battery wire and touch it 
lightly on the battery terminal a few times, 
per fig. 6 , page 413. If there is a spark 
produced there is a ground in the wiring 
between the battery, the generator, and the 
switch, or the magnetic switch in the regu¬ 
lator is not open, see also page 406. 

(c) Regulator cutout switch is not oper¬ 
ating properly. Examine the switch and 
see that it is properly connecting and dis¬ 
connecting the generator circuit (see page 
410). The cut-out switch should be in the 
open position when the engine is not run¬ 
ning, or should stay in the closed position 
when the engine is running above “cut-in 
speed,” If the switch does not close there 
may be oil on brushes or commutator of 
generator, or one of the brushes may be 
worn too short. 

(d) A constantly discharged battery can 
also be due to an overload on the starting or 
lighting system, which may be caused by 


the leakage of current from short-eirtsdl 
or grounds as described, by increasing 4 
lamp load through the adding of high 
candlepower or lower efficiency lamfa, \ 
adding additional apparatus to the Hghth 
system or to operate from battery, by 3 
improper operation of the starting mated 
by burning the lamps much longer than sd 
mal. ! 

(e) A discharged battery can also he 4^ 

to an internal short-circuit, as explained »i 
pages 413, 410 and 416. { 

(f) Generator may not be generating 
rent properly. 

(g) Battery may be leaking its mbetim 
slightly but continually. 

(h) Out-out points may be stock ui 
when engine is operated - below an engw- 
speed corresponding to about 8 or 10 sk 
per hour or less the battery dischazfS 
through the armature of the generator (•• 
pages 409, 411). 

(i) A weak battery may also be eamt 
by low gravity electrolyte, in which case in- 
tilled water should be added to bring in 
level % in. above the tops of the plat* 
and then the battery should be charged. 
Loose or poor connections will cause wwk 
current, (see foot note, page 421.) 

(j) A weak battery may be caused If 
lack of charging due to the cutout potei 
not closing as they should. 


fRemedies for Above Troubles and Hints to Save Battery Current. 


(a) Have, battery recharged, from an 
outside source. Use starting crank often as 
possible. Use starting motor as little as 
possible. In winter the starting motor is 
used more than in summer on account of 
difficult starting. Use dimmer lights instead 
of head lights thus saving on the current 
consumption. Provide a good “choker” or 
primer which will start engine quick. 

(b) The test is mentioned above. Other 
tests are shown in charts 190 and 191. 

(c) On some cut-outs (also called relays,) 
they are sealed. If adjustable, examine the 
points. See pages 359, 410. 

(d) Quite often extra large lamps or ad¬ 
ditional electrical devices, or short-circuit 
in the electric horn will cause undue waste 
of current. Replace lamps with lower can¬ 
dle power and use least number possible. 
Spot lights are handy, but consume current, 
use the headlights. 

(e) If the battery becomes discharged 
immediately after having been charged, and 
there are no “grounds,” examine each cell, 


and test voltage with starter on—see page? 
410, 416. 

(f) Test generator as explained on pap 
411. Also pages 416, 410. 

(g) Examine each cell carefully. 

(b) This would cause a weak battery if 
allowed to continue for any length of tine. 
Therefore, allowing the engine to idle, m 
running slowly on high gear, should not be 
done to any extent. 

(i) Continued undercharging will resal 
in sulphation, and the remedy is to give tfct 
battery a prolonged charge. 

A weak battery is also Indicated by a leveni 
specific gravity. When the battery is charged tie 
gravity is 1.250, and when badly run <k>*a J 
drops to 1.150. Therefore, both charged and dis¬ 
charged conditions may be determined by 
ing the specific gravity, with a hydrometer, vkKk 
instrument will be fully treated under stonf* 
batteries. Don't let battery discharge in wicter- 
it will freeze. 

(j) Operate car at speed at which tb 
cutout should close and note whether i: 
does or not. (see pages 409, 410.) 


•Note—See instruction 32-A for additional battery troubles of the starting and lighting system. 
•There is more trouble from discharged batteries in winter than In summer, due to the fact that o- 

ginos are usually more difficult to start and battery is used more. Consequently the generator 
not have an opportunity to put back the current taken out—-especially if car is run more st m*- 1 
with lights on. 

The engine crank is more difficult to turn over on cold days after standing a long while, due to ot 
being heavy and congealed and unvaporized gasoline. 
fKeoping battery charged: Keep engine tuned up so that it starts on the second or third turn. Tti* 

minimizes the amount of current used in starting, and, remember, this is very large. Be econtB)cal 

with lights. Use headlights only when absolutely necessary. Determine the car speed at wiid 
cut-out relay makes connection with the battery and operate the ear as much as possible above tk» 
speed. 

If you drive much in a congested city district and stop your engine many timea, yon wffl find tkfi 
your battery can bo kept more nearly charged by changing gears in traffic whenever necessary i*- 
stead of trying to do it all on high gear, the reason being that by changing gears you boost tost 

engine speed so that battery is charged, while if you try to pull slowly on high you get dosrn to t 

speed at which charging stops due to the opening of the cut-out. ' 
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tDiaconnecting Storage Battery and Generator.** 


l many systems the storage battery, If dis- 
ected, the lights would be burnt out because 
»attery acta aa a voltage regulator and keeps 
woltage constant. Therefore if removed, the 
rator voltage would increase with speed of en- 
and burned out lamps would be the result, 
no page 926, explaining the meaning of “volt* 
’ aad “current** regulated generators. 

a an example of disconnecting the generator 
battery, from a car, questions will be an- 
■ed on a few of the leading cars. 

—What make of generator is used! 

—Tb the regulation “voltage” or “current” 
sgulated f 

—What precaution is necessary in disconnect- 
ig battery! 

—What precaution is necessary in disconnect- 
ig generator! 

—Would it be possible to run engine if gen- 
rator is out of service! 

—Would it be possible to run engine if battery 
b out of service! 

—If both generator and battery is out of service 
:ould dry cells be used! 

Hudson. 

-Delco single unit. 

-Current regulated; third brush. 

-If the battery is disconnected the motor can¬ 
not be operated. 

i-Disconnect the cables attached to the bat¬ 

tery terminal of the generator and connect them 
firmly together. The joints should be wrapped 
with tape or insulated in some way to prevent 
stny possible chance of contact with the frame. 
The battery circuit for the lamps will in this 
way be maintained. The cables connected to 
the shunt field terminal and to the armature 
terminal should also be disconnected and the 
ends insulated. 

5—Tes. By taking the precautions noted above 
the battery would furnish the ignition, 
fi—No, the engine could not be started. 

7—Yes. if the generator and storage battery are 
both out of service, dry cells could be used in 
place of storage battery. 

Cadillac. 

11— Delco. 

12— Current regulated; third brush. 

L3—Care should be taken to prevent short-circuit. 
14—Generator should not be removed or an ad¬ 
justment made on circuit-breaker, nor any of 
the wires to same removed without first dis¬ 
connecting battery. 

k5—Yes, so long as storage battery is charged, 
as current for ignition would be taken directly 
from storage battery. 

If it is desired to do this, leave the cable con¬ 
necting the motor generator and storage battery 
attached at the storage battery end. Connect 
the motor generator end of the cable securely 
te the red wire which leads to the ammeter. 
Connect the black wire from the horn switch to 
the yello.w wire which goes from the No. 2 ter¬ 
minal on the generator to the circuit breaker. 
Tape the ends of the wires connected to No. 2 
and No. 3 terminals on generator separately so 
that they will not short circuit or ground. 

A6—Never run engine with storage battery off 
the car or disconnected. 

A7—Yes. Use 5 dry cells in series and connect 
as follows: First, disconnect the wire from the 
ignition and lighting switch to the upper ter¬ 
minal on the end of the ignition coil on the 
dash, and connect one wire from the dry cells 
to this terminal. The other wire from the dry 
cells should be grounded to some convenient 
point on the engine or frame where a good 
contact can be secured. With dry cells thus 
connected it is possible to start the engine 
by hand cranking and to run it as long as the 
cells will furnish current for the ignition. 


Packard. 

Al—Bijur. 

A2—Voltage regulated. 

A3—Engine should not be speeded up, as gen¬ 
erator current would not have sufficient out¬ 
let and injure generator. 

A4—Be sure and tape terminals to prevent short- 
circuits. 

A5—Yes, from storage battery, but battery would 
not be recharged. 

. A6—Yes. 

' A7—Yes. 

Studebaker and Saxon. 

Al—Wagner. 

A2—Current regulated. 

A3—Generator terminal should be grounded to 
frame so as to prevent generator becoming 
damaged. 

A4—Ground generator terminal. 

A6—Yes, battery will supply ignition current. 

A6—No. 

A7—Yes. 

Dodge. 

Al—North East. 

A2—Current regulated. 

*A8—If the starter-generator is run without be¬ 
ing connected to the storage battery, ground 
the terminal of the starter-generator which or¬ 
dinarily is connected to the battery. Failure 
to do this will cause the starter-generator to 
overheat and may in some cases cause a great 
deal of damage. 

A4—Ground both generator terminals. It cannot 
be used for either lights or ignition if battery 
is removed. 

A5—Yes, battery will supply lights and ignition. 

A6—Dry cells not recommended. 

Maxwell. 

Al—Simms Huff. 

A2—Current regulated. 

A8—Remove field wire from generator. 

A4—'Use shorter fan belt to drive fan if removed. 

A 5—Yes, from battery. 

A6—No, as there is no outlet for current pro¬ 
duced by generator and it would damage itself. 

A7—Yes. 

Overland. 

Al—Auto-Lite. 

A2—Current regulated, see page 359. 

A3—Tape terminals to prevent short circuit—see 
also page 359. 

A4—See ans. to A7. 

A5—Yes. 

A6—Yes—by using current for ignition, dry 
cells, but not from generator. 

A7—Dry cells can be used. The ignition wire, or 
the wire that is attached to the positive ter¬ 
minal of the storage battery should be attached 
to the positive side of six dry cells, series con¬ 
nected, and the negative side grounded to some 
part of the body or car frame. 

After installing the dry cells, and before start¬ 
ing the motor, a piece of bare copper wire 
should be used to ground the generator. This 
wire should be attached to the positive terminal 
on the generator to some part of the car frame, 
motor, or generator housing. 

This will prevent the increased voltage from 
the generator due to no resistance from the 
storage battery, since it has been removed from 
the car, from burning out the lamps and seri¬ 
ously injuring the generator. 

Reo. 

Al—Remy. 

A2—Thermostatic, see page 371. 

A3—Ground two lower terminals on generator, as 
generator cannot be used for ignition or lights 
if battery is removed. 

A4—Tape all terminals to prevent short circuits. 

A5—Yes, until battery runs down. 

A6—Not from current from generator. Dry cells 
could be used. 

A7—Yes. Tf dry cells are substituted for storage 
battery, the two lower terminals on the gen¬ 
erator must be connected to prevent generator 
burning up from high voltage which would be 
generated. 


*0n the Dodge where magneto was formerly used, remove fuse from generator. 

tSee also pages 925 and 421. **Be sure and tag all wires so will be connected back right. Battery 
wires must connect correctly, else dash meter will read backwards. 
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DYKE'S INSTRUCTION NUMBER TWENTY-NINE. 


A Testing Bench for Starting and Lighting Systems. 


The test stand is divided into two parts; 

that for testing the generator and that for 
testing the starting motor. 

The layout is shown in illustration. The gen¬ 
erator equipment is at the left of the bench 
and the starting motor equipment at right. 
The generator is clamped to a hinged table, 
and driven by a one-half h, p. varible speed 
motor, the variation of speeds* from 600 to 
1,800 r. p. m. being controlled by a rheostat. 
The starting motor is supplied with current 
by a 6 or 12-volt battery, as the case may be. 
The load is applied to the starting motor 
through a prony brake, regulated by ;i pedal 
and measuring the torque on a 25 lb.* spring 
scale. 

As the current flow to starting motor will be 
high, the atnmeter will require a (f shunt ft 
permitting the measure of current flow up to 
300 amperes, as described on pages 416 and 
414. All wiring in connection with the 
starting motor, with exception of ammeter 
and voltmeter leads to be No* 1 flexible 
cable. 

Testing Generator. 

1— Run generator as a motor from storage bat¬ 
tery, By knowing the amount of current 
required to run a generator known to be 
in good condition, and the number of revo¬ 
lutions per minute at which it should run, 
a comparison may be made with the simi¬ 
lar operation of the generator being tested. 

(a) If an excessive amount of current is re¬ 
quired and the speed is somewhat low; a 
short circuited armature is indicated. 

(bj If speed is high; a defective field is indi¬ 
cated, or hearings may be too tight. 

2— Drive generator connected through 
lamps to storage battery until from 
It) amperes of current is generated, 

(a) Take the speed of generator. 

(bj Compare this speed with that of a 
orator known to be <>. k. 

(e) If it is found necessary to drive genera¬ 
tor much faster than normal, providing 
brushes and commutators are in good 
condition; defective fields or armature are 
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indicated. This condition sboak 
checked with that of the first test. 
-Not only do the above tests show en 
what is happening with the geneiatw 
compared with a generator known t| 
in good condition, but also current 
outs and control can be regulated n 
the required limits. Any equipment a 
facturer can supply the data required, 
making these tests, or it may be obtsa 
from a generator known to be in good a 
dition. 

Testing Starting Motor. 

1— Run starting motor without any load. 

(a) A high amperage reading and slow * 

will Indicate that bearings are either^ 
or the armature or field circuits 
shorted. This test may be made i 
one, two or three cells of a storage i 
terv supplying the current. 

i b) If current Is not excessive, bet * 
low; the connections and eonditiai* 
brushes and commutator should be €H 
ined. Likewise the brushes shouM 
adjusted, 

2 — The next test iB made under load, to s 
whether the starting motor will defill 
its full power at required speed and nil 
the required amount of current. 

i a i For example, a ,certain instrument bar* 
a current of 135 amperes passing throi^ 
it at approximately 6 volts should tun 
2000 r.p.m. and exert a torque of \Vs t 
lb. This amount, if the pulley were it 
in diameter, would register 1^4 lb* on 
spring scale. However, it is not sdrk 
able to use so large a pulley, and by* 
ing a fi in. pulley the spring scale reads* 
is multiplied by four, giving the retditf, 
required. 

In making the test the motor is starts 


lb) 


and sufficient pressure applied to Ik 
pedal tu bring the spring scale to there 
quired reading. The ampere voltage ai* 
speed readings are taken and compare 
with the similar readings of a startiii 
' known to be in good condition, 1 
low reading indicates defective annate 
or field. 
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Simple jig on b«« ch 
to support srma^ 
during repair. 


CHART NO. 11)2-A—Electrical Testing Outfit for Starting Motors* and Generators. See also I 4 ** 
•il\ l Id. IUH* in i* Hfi. 402 , 

(Mo! or World.) 
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INSTRUCTION No. 30. 


KRING OF A CAR FOR STARTING, GENERATING AND 
LIGHTING SYSTEMS: Single, Two and Three Wire 
Systems. Wiring Starting Motor, Generator and Lighting 
Circuit. Size Wire to Use. Comparison of Current Carried 
in Starting and Generator Circuit. Wire Accessories. 


H&e single wire system is also called the 
rounded return" system because one 
« which returns to complete the circuit 
grounded to the frame of the car as 
►wn at A, chart 193. 

die single wire or grounded return sys- 
n is need on seventy-five per cent of the 
nk In this system only one main wire 
insulated, the other being connected to 
a frame of car which acts as the return 
re. 

In this system the negative (—) termi- 
I of the battery is connected to the eleC- 
ical units and lamps through switches, and 
positive (+) terminal is connected to 
le metal frame of the car. As the positive 


(+) terminal of each unit and one terminal 
of each lamp is also connected to the frame 
either through mounting or by cable, the 
circuit is completed when the switch is 
dosed. See A, chart 193. 

The two wire system: Where wires are 
not grounded but are run independent of 
the frame or ground connections, it is 
termed a two wire system. A simple ex¬ 
planation is shown at B, chart 193. In this 
system both wires are insulated and kept 
away from the frame. 

The three wire system is shown at, (0). 
This system is sometimes employed where 
12 volt or higher voltage batteries are used 
and where it is desirable to use 6 volt 
lamps. See also chart 205-C. 


Kinds of Wire Generally Used. 


Primary wire is used for low tension or 
oltage, as ignition, from battery to coil, 
nd coil to timer (see page 240) and for 
ghting. It is usually flexible, consisting 
f several strands of wire. When used for 
ighting it can be "duplex" or even four 
rires together, and is usually encased in 
aetal armor for protection. 


PRIMARY WIRE—Single 



PRIMARY WlRK-naVta 


8 — 

PRIMARY WIRE.in metalunuor 



PRIMARY WIRE metal armor 



SECONDARY CABLE-note heavy 
insulation 



STARTING MOTOR WIRE note 


heavy wire 



Secondary cable is used for high tension 
ignition current. The wire is small but in¬ 
sulation heavy (see page 240). 

Starting motor wire is very heavy, being 


several times the size of the secondary cable, 
but insulation is not so heavy. This is due 
to the fact that it does not carry a high 
voltage, only 6 to 24 volts, whereas second¬ 
ary cable, carries a voltage high enough to 
jump a gap. 

The starting motor wire carries a large 
quantity or amperage of current, for in¬ 
stance, the wire runnig from the storage 
battery to the starting motor, when first 
starting, must carry from 80 to sometimes 
400 amperes; or quantity of current, owing 
to the size of motor. This is used only for 
a few seconds. But, large wires must neces¬ 
sarily be used to carry this great quantity, 
even for a few seconds. Compare the size 
of the starting motor wire (6, illustration 
to the left) with that of the primary wire 
(1), which can be used for generator or 
lighting. Note the difference in size of wire. 

The wires running from the generator to 
the storage battery are much smaller, as the 
quantity of current which passes through 
this wire is only 5 to 25 amperes. 

As a comparison; imagine water pipes. If you 
desired to pass 150 gallons of water through a 
pipe in one hour, it would require a larger pipe, 
than one where you passed only 25 gallons pei 
hour. 

Size Wire to Use. 


Generator to battery.no. 10 

Battery to starter . no. 1 or 2 

Headlights . no. 12 or 14 

Tail light . no. 14 

^Ignition (primary) .no. 14 

Ignition (secondary) . no. 14 or 16 

Horn . no. 18 


{Sizes very slightly sccording to length of car and number and size of lights and size of engine and 
starting motor, etc. But this is an average. *8ee page 240. 










DYKE’S INSTRUCTION NUMBER THIRTY. 






bv 

J 

* 

THTO 

WTO 

1 a 
1 

w' 

rr —iji 

1 1 
J 

□3J5 

1 

L 


w 

_n_ 

1 



Wiring Systems. 

There are three general systems employed for wiring a car; the single wire or groan 
return, and the two and three wire system. 

A—Shows the “single wire” sy s tem; one wire insulated from the frame and 1 
serves as a wire. One wire, usually the positive terminal of battery and generator ii 
nected to the metal frame. Note where the storage battery connects to frame. Thisen 
tion is made by a lead lug from the battery and tightly bolted to a cleaned surface 
copper washers on each side—the connection must be water proof. 

B—Shows the “two wire” plan, where both wires are insulated and kept away from fis* 

C—The “three wire*’ system; consists of three wires, one known as the “neetril/ 
Note in this illustration the storage battery is a 6 cell or 12 volt battery and Us tri 
wire divides three cells to a circuit, making 6 volts for each side of the third wire. 

It is important that the lights or load be equalized, for if three of the six eeDstf 
worked more than the other three, and both sets are charged from the same sonre* vl 
at the same rate, one set would get more charge than-the other. When the load is prof*£ 
balanced there will be no flow of current through the neutral, which is the reason 1* 


so calling it. 



Fig. 4. Showing wires 
run through metal, 
flexible tubing or con* 
duit. 




Fig. 6—Coupling box. 


♦Wiring Accessories. 

The coupling box (fig. 6) provides a eon«* 
ent and easily separable means for connects! 
together the wiring on the chassis and on tf"' 
car body. 

The junction box (fig. 7) is used to connect 
wire running in a different direction and is 
better than making the usual connections. Tip 
ing the joints or soldering is not necessary- R 
also affords a convenient point from whfck * 
test. 






The lighting switch; (fig. 9), called a “pH 
switch—is a “two gang” type. The lower or 
colored push is for fights, and the upper (dark) F 2 * 
is “off.” It is usually placed flush on the dish. 

Wire used for electric lights ought to be protect*! 
from oil and dampness and from the frame. Tkebtf 
wire has insulation of an outer covering of 
braid, specially impregnated, an intermediate l*T er J* 
T __ . treated cloth, and an inner covering of soft rubb* 

Fig. 7— Junction box. ii gh ^JzJ w ® wi ®J^ 1 cult The copper wire itself is made of fine strands as! * 

called flexible, stranded wire. 

Conduits (fig. 4); provide a complete enclosed ninway for wires from which Uey 
drawn if necessary and new wires installed. It affords protection from mechanical injury 
as bruises, etc. The conduit is made of galvanized steel and is flexible (fig. 4). 

Flexible steel armored cable is now very popular. It can be purchased containing on** 
more wires. The wires cannot be withdrawn. 


CHART NO. IPS—The Single or Grounded Return. Two Wire and Three Wire Principle- ^ 
Accessories. *See also page 428. 














































































WIPING FOR STARTING AND GENERATING SYSTEMS. 427 


**8tartJng Motor Amperage. 

The starting motor consumes a quantity 
if current as stated on pages 425 and 327— 
but only for a few seconds—The exact 
amount of current consumed and the time 
required to put back the amount used, with 
generator, varies in different makes—see 
pages 410, 416. 

To those not familiar with electricity, the 
question would arise, how can the starting 
motor receive 120 amperes of current, If the 
generator which recharges the battery, does 
not give but 7 to 15 amperes to the battery 
when charging it. 

Taking for example, a storage battery of 120 
ampero hour capacity. It would deliver at the 
rate of 120 amperes for one hour, or at the rate 
of one ampere, for 120 hours, or any proportional 
amount accordingly (varies according to dis¬ 
charge—see page 441 and 827). 

••Now, assuming that when current is first ap¬ 
plied by switch the quantity is 120 amperes; then 
after motor has started, the current consumption 
drops to 65 amperes. This would give ns an 
average of say, 65 amperes used. The time for 
the operation, say was 10 seconds. 

Assuming the average draw on the battery was 
80 amperes for 10 seconds, the ampere-hours 
consumed is as follows: 10 seconds equal % min¬ 
utes, or \6ao hours, snd fteo of 80 amperes equal 
"%*o ampere -hours or .22 ampere-hour, per start. 

Car running at 16 miles per hour generator 
would charge battery, say—at the rate of 7.5 
amperes per hour. It then requires as long to 
recharge the battery per start aa .22 ia contained 
times in 7.5 which is 80 times. In other words 
the generator is capable of putting back into the 
battery, 80 timee as mnch current in one hour 
as wss used for starting and put back the exact 
amount used in %o of an hour, or 2 minutes. 


Another point; how can a storage battery 
of 120 ampere hour capacity deliver 475 am¬ 
peres, per page 327 f A good battery is 
capable of delivering an overload for a frac¬ 
tion of & second—but only good batteries 
can stand this—this is one reason why bat- 
generator, varies in different makse—see 
pages 410, 416. 

fWire Connections. 

The connections, in electric wiring should 
be soldered. The unseldered connection may 
work as good as a soldered connection at 
the time of being made, but the resistance 
always increases. 

Soldering, paste; do not use add when solder¬ 
ing electrical apparatus or wiring, ss the acid 
is an electrical conductor and it alto destroys 
the insulation. It is mnch better to nee a non- 
corrosive soldoring paste. 

Tape; do not use friction tape on high tension 
wiring or on other wiring where the grease or oil 
can get to it. It is much better to use linen tape 
and shellac. Friction tape will not inanlate igni¬ 
tion current, neither will it hold when oily. 


««1T 

& 


When placing a wire terminal 
under a terminal nut, twist the 
wire in direction nut turns. 

When connecting a wire under 
a screw or nut—use a washer, 
(copper or brass). 


Wiring Troubles. 

Are numerous if not properly done. All con¬ 
nections must be soldered. Oil and grease destroy 
insulation. Moving parts must not touch wires. 
Protect wires from chadng. Avoid frayed ends. 
Tape all connections. Connections and terminals 
must he kept tight. Vibration often jars them loose. 
See foot note page 457 and page 241. 


Ampere Capacity of Wire. 


The also wiro to use, depends upon the amount 
of current that must flow through it, and the 
length of tho wire. The longer the wire the greater 
the resistance offered to the flow of current. 
Therefore there will be too much drop in voltage 
at the wire terminus, if it ia not of sufficient else. 

A conductor must be large enough to carry the 
required amount of current to a certain point with 
less than 4% drop. 

Moot all automobiles are using a single wire 
system and the length of wire is seldom over ten 
or twelve feet long. 

The sixes given on page 425 for generator, 
starter, lighting and ignition ia the average sise 
used on most cars. 


Tho carrying capacity of wires (*B A 8 
range)—as given by the National Board of Un- 
lerwriters for rubber covered wire is as follows: 


No. 

18 

B 


8 

gauge. 

8 

amperes. 

No. 

16 

B 


8 

gauge.. ^. 

6 

amperea. 

No. 

14 

B 


8 

gauge. 

15 

amperes. 

No. 

12 

B 


8 

gauge. 

20 

amperes. 

No. 

10 

B 


8 

gauge. 

25 

amperea. 

No. 

8 

B 


8 

gauge. 

85 

amperes. 

No. 

6 

B 


8 

gauge. 

50 

amperes. 

No. 

4 

B 


8 

gauge. 

70 

amperes. 

No. 

8 

B 


8 

gauge. 

80 

amperes. 

No. 

2 

B 


8 

gauge. 

90 

amperes. 

No. 

1 

B 


8 

gauge. 

100 

amperes. 

No. 

1 *( 

! B 


8 

gauge. 

125 

amperes. 

No. 

2 A( 

1 B 


8 

gauge. 

150 

amperes. 


Higher the number, smaller the wires. No. 0 
is many times larger than No. 18. No. 18 is .04 
or di.; No. 0 is .32 or di. 


Accessories and Switches. 


Some of the accessories for wiring a car are 
given on pages 426 and 428. 

Ignition switches are usually placed on the 
cowl (dash) of car and operated with a key. 

Starting motor switches are usually operated 
by the foot. See page 408 for diagram. The 
ignition switch must be '‘on" when engine is 
started. 

Lighting switches are usually placed on the 
cowl (dash) of car and are of the push button 
type, per fig. 2, page 385 and fig. 9, page 426. 

A touring switch is sometimes provided on a 
car for the purpose of allowing the operator to 
discontinue the charge from generator to storage 


battery when car is ou a long tour running mostly 
daring the day. 



To give the reader 
an idee of the va¬ 
rious kinds of 
connections which 
may be made by 
one switch, see fig. 
1. The contacts 
have been num¬ 
bered 1, 2, 3, and 
4. If 1 and 4 con¬ 
nect, side and tall 
lights are on. If 
1, 2 and 3 connect, 
then side, tail and 
headlights are on. 


*8ee pages 240 and 425. t8ee pages 422 and 428. **These figures given only as an example—a 
nearer correct ampere discharge would be as given on pages 327, 410, 416. 

*B A 8 gauge, means Brown and 3harpe gauge and is a recognized standard. 
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Wiring a Car. 

The size of wires to use for ignitksj 
Ing, and generator is shown in the ili^nS 
The kind of wire to use for esc 
plained on pages 425 and 240. Th• - 
the lights, and other wires running alcu j 
of the frame, or near metal pam. ib -j 
the flexible “armored” type, see po 
The purpose of the coupling box. fcse n 
and junction box is explained on 
348 and this page. 

Wiring the Starting Motor. 
This wire must be large, especially with i k 
starting motor. Use No. 00 if a long distaseej 
large car, or No. 1 or 2. The No. 00 mean*] 
m. di. over the copper strands. Use fleifl&a 
ber covered wire. 

Good connections are very essen tial for suifl 

motor to switch and battery. The ends d 4 
should be cleaned and 44 tinned,’’ by dippiif j 
in molten solder and then good clean, strong eon 
terminals soldered thereto for attaching to pul 
on frame and to the switch. The terminili tfc 
selves should be cleaned also the part to di 
it is attached, and then draw up snuglv. 

Battery Connections. 

The ends of wires connecting with the toaq 

should be treated in the same manner, bat U 
lugs to fit the battery terminals should be ont 1 
is important that both the terminal of batterr.j 
side, and lug, be scraped and cleaned good ■ 
drawn tight. The acid tends to corrode the ti 
minals, hence reason for eletiiq 
If it is necessary to kin 
coupling for this large wire.a 
method is shown in fig. 2L j 
regular brass pipe coupling (K) could be used. The two halves of the coupling E have* 
ends of the wires C, sweated into them. The coupling should be well taped if near netf 
see also page 408. 

Note: When using stranded wire on any part of a car, sometimes one strand will fta 
loose from the others and cause a short circuit. Always twist and solder ends of stnadi 
w ^ res * Fuses. 

Fuses are very Important, particularly when 



Fig. 2. Size of wires to use, indicated by 
number. G means grounded. TL means tail 
light, SL sidelight, HL headlight. 

Wiring shown full run along chassis. Dotted 
lines are wires to be attached to body. 


• • ■ ■ ■ yvs tivutaiijr 

the grounded or single wire system is used. 
The purpose of a fuse is to melt and open 
the circuit in case of a short circuit and pre¬ 
vent discharge of battery—see pages 412, 
413 for meaning of * 1 short-circuit . 7 * 

--- A fuse block (fig. 

*“* 6), is usually placed 

ou the inside of 
dash of a car, to 
which the different 
wires are connected. 
The fuse is then in 
series with circuit. 
If a fuse melts then 
it is an easy mat- 
— ter to insert another 
fuse of which extras should be carried. 

There are three types of fuses, the cartridge 
type fig. 3; the visible type fig. 4; and the 
open type fig. 2. The visible type will in¬ 
stantly show when burned out, whereas in the 
cartridge type a hole will be blown in the 
side of shell. The cartridge and visible types 
can be slipped into place in the “fuse clip,” 
fig* by hand, the open type requires a screw 
driver and is placed in block fig. 1. Fuse 
shown in fig. 4, is the type in general use. 




Testing a fuse. 


Testing: with typo i 
fuses which are net a 
posed, if suspected of b 
ing blown, they cm 1 
tested with the test 1$ 
as shown below. 

The capacity of thefia 
In each circuit, should t 
as follows: Side lighfl 
3 to 5 amperes; kw 
lights, 15 amperes; exto 
circuits when providri 
• luoc. 15 amperes. The a® 
circuit may be used for dome or pillar liftt 
horn and so forth, as desired. 

In other words, the size of the fuze is dsta^j 
by the amount of current that la to pass timffcl 
If the fuse is to be placed in the head HfW # 
tail light circuit; and this circuit oaed S% 
a 10 ampere fuse is ample protection. 

Compensator: The small cylindrical-*®^ » 
sistance (B). incorporated with the fuie bbd ■ 
fig. 4, page 348, is the “ballast resistor." 1*5 
tects the side lights from over-voltage wl«a * 
headlights are not lighted, tee also page 347. 

•The circuit breaker, is a device used liaBtf" 
a circuit breaker on a atreet car, but of 
construction. It is sometimes used in the pb* ■ 
fuses. 

A fuse is not used with the starting * 

page 408. 


OHABT NO. 194—Wiring the Starting Motor. Size Wire to Use for Motor, Generator ind3 
Connections. Also see page 240 for Ignition Wiring. Fuses. 
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Classification of Anti Glare Devices. 


A, B, C and D, are “diffusing” type 
lenses. As these devices scatter the light in 
every direction, the adjustment of the head¬ 
lamp has little effect on the road illumina¬ 
tion. Both the light and the glare will be 
a little stronger if focus is for a straight 
beam. 

A, Warner: Both sides of glass covered with 
small lenses. Adjusting focus for straight beams 
for best lighting—see fig. 65, page 483. 

B» Prismollte: Front of glass covered with small 
pyramids except small spot near center. Adjust 
focus straight beam. 

O t Morflight: Front of glass covered with short 
cylinders, arranged in circles. Adjust focus 
for straight beam. 

D, Stewart: Cup fitting around bulb. Outside 
covered with small lenses. Inside with ribs. 
Adjust for straight beam. 

P, G, H, I, are “deflecting” type of 
lenses, which are intended to be used with 
a straight beam. In making adjustments, 
adjust per plain glass adjustment, page 435, 
except lamp must be moved to the point 
in reflector which gives the smallest point 
of light on the screen or wall, instead of 
making the spot 3 ft. in di. 

F, Sun Bay: Horizontal prisms throw light on 
center of road. Small triangular prisms throw 
a little light along sides of road. Adjust for 
straight beam. 

G t Oonaphore: Horizonal prisms throw light on 
center of road, cylinders in center throw a soft 
light along sides of road. Adjust for straight 
beam. 

H, Macbeth: Horizontal prisms throw light on 
center of road and cylinders on inside, spread 
a little of it along the side. Hood at top cuts 
off light from that part of lens. Adjust for 
straight beam—see fig. 66, page 488. 

I, Holophane: Circular prisms at bottom throw 
light on road and give quite a spread. Hori¬ 
zontal prisms and vertical cylinders a,t top 
throw diffused light along side of road. Adjust 
for straight beam. 

K, L, M, N, O, P: Are “deflecting” 
type lens designed to be nsed with a spread 
or crossed beam, depending on whether a 
part of the lens which bends the glare rays 
down is located at the top or bottom of the 
. lens. The focus is adjusted to give a beam 


having some spread. Most of these devices 
depend more on the width given to the beam 
by the reflector than they do on cylinders, or 
other devices to add to the spread. On this 
account, these devices are apt to give a lit¬ 
tle greater proportion of diffused light along 
the sides of the road and a little lees dis¬ 
tance than devices which are used with a 
straight beam. The cut-off of light at the 
height limit is likely to be not quite so 
sharp as with those just mentioned, on ac¬ 
count of parts of the beam being bent more 
than others. On this account it may be 
necessary to give the beam a considerable 
downward slant to bring the bright light 
below the glare level. This, of course, will 
shorten up the distance to which the road 
will be shown. 

K, Osgood: Horizontal prisms on back of lens 
throw light down on road. Oylindrical section 
on center of front of lens is intended to add 
slightly to spread of light. Adjust focus for 
spreading beam. 

L, Legalite: Horizontal prisms at top and bot¬ 
tom bend light down on road prisms in center; 
do not affect light much. Outer face is a re¬ 
verse cylinder to give some spread to light. 
Adjust focus for a very slightly spreading 
beam. 

M, Noglare: The ribs or upper part of lens 
spread the light to each side. The plain sur¬ 
face below is slightly frosted and gives a dif¬ 
fused light down the road. Adjust focus for 
crossed oearn. 

N, Saferllght: Horizontal prisms on*upper half 
throw light down on roaa. Vertical prisms on 
lower half spread diffused light toward side. 
Adjust focus for spreading beam. 

O, Letts deflector: A deflecting device. The 
corrugated reflector is placed below the lamp 
and (manges the angle of the light striking the 
reflector so that all the rays are sent down on 
th*> road Very little spread light on the road. 
Adjust focus for crossed rays. 

P, Praetor: A deflecting device. The prisms on 
the glass cup which is placed below the lamp 
change the angle of the light striking the re¬ 
flector so that all of it is sent down on the road. 
Adjust for crossed beam. 

With any of the deflecting devices it is 
best to make the adjustment for either 
spread, crossed or straight beam, while the 
plain glass is still in place in your headlamp. 


CHART NO. 106—Classification of Anti-Glare Lens. 

Chart No. 195 on page 430. 8ee page 435 for address of manufacturers. Fuzes, see page 428. 
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Fig. 10—Finn for lighting the tall 
light, head light, sidelights. 

Material necessary: Electric globes 

to attach to two sidelights; fit* 
tings for two headlights; fittings 
for one tail light; one 3-circuit 
push button switch; 35 feet flexible 
rubber covered duplex No. 12 stranded 
wire; 10 feet rubber covered No, 12 
flexible single wire; 2 Mazda Tung 
aten electric globes of 15 c. p. (head 
lights); 2 Mazda Tungsten electric 

of 4 or fl Q. p, (sidelights); l Maxda 
Tungsten electric globe 2 or 4 c. p, 
(tall light). Smaller the c. p. the less 
current con a timed. 
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Fig 11—FUu for lighting aide 
lights and tall light (separately). 
Material necessary; One special 

two-circuit push button switch; 2D 
feet rubber covered duplex wire 
No. 12; 6 feet rubber covered sin* 
gle wire No. 12; 1-0 volt Tungsten 
lamp for tail light; 2 6-volt Tung* 
sten lamps for side tights; fitting 
for side and tail lamps to fake the 
electric socket. 


Fig. 12—Flan Tor 11 
lng the head lights onJ 
Material necessary: 
tings for two bead lig 
12 feet rubber-covered 
plex wire No. 12, stnoi 
6 feet rubber-covered ail 
wire No. 12 flexible; 1 
volt Tungsten lamps; 1 
gle circuit push bot 
switch. 




Method of connecting 
wires to light a Ford car 
(from the Ford inductor 
type of magneto). 

See Ford supplement for 
Speed of Ford magneto. 2«* 
9* volt, 2 amp ere lamps are 
usually placed in series. 


Fig. 13—Flan for attaching an electric 
horn to the lighting battery. The born la 
operated by prosing the push button (P), 

Fig 1 to 6—Equipping the gas and oil lights with 
lights: Tho first thing to decide is whether the oil or | 
lampi shall be retained and converted into electric, or whetl 
these lamps shall be replaced by straight electric Ugh 
If the original lamps are retained the change may bo mi 
by using an adapter (fig. I and 2) constructed to fit eitl 
an oil or a gas burner and holding an electric lamp socket. 

By using a double-polo snap switch and turning i% to 1 
**o£T' position, Fig. 4, two-volt lamps may be used for si 
and tail lights, the three lamps being thus placed in ter 
with the six-vo It storage battery. 

By turning the double-pole switch to the **oiT 
the lamps are placed in parallel, fig, 5, and six-volt 
must be provided, 

A flingle-pole snap g witch connected in near the 
enables the driver to turn off all the lights at once. 

Another plan in which five lights and three single*??!* eb 
switches are used, is shown in fig. 6. The two headiigl 

are controlled by one switch, the side lights by another a 
the tail light by a third switch. 

Whore joints axe made the wires should be scraped r.U 
and, after soldering should be taped with a layer of rabl 
tape, then covered with friction-tape. 

Fig, 1 shows an '“adapter' 1 or a device made for an 
lamp, and fig, 2 as adapted to the gas burner. If the eil 
gas lamps are entirely discarded and new lamps put in pla 
these may be connected by plugs tF) and receptacles tR) 
the permanent wire of the circuit, the plug being pulled < 
in case it is necessary to repair or detach a lamp. The wl 
lamps, plugs, switches, etc,, may be purchased from manat; 
turers complete, with directions and diagram for iustallaLh 

Tho wiring from the battery through the switches must 
governed by the driver's desired control of the lights. 

Fig, 3 shows one plan of wiring in which two lida ligl 
and & tail light are provided, in the wiring of which pis 
(P) and (R) receptacles are used so that the wires can 
easily' disconnected. 


CHAET NO, 105—Electric Light Wiring with an Independent Storage Battery, Where 

not Provided on Car—see chart 20&C for connecting 12, IS and 24 volt storage batterii 
6 and 12 volt ekouiti. Also see page 42 9 for switch connections. Equipping Oil ami 
Lamps with Electric Lights. 

Chart 196 is on page 429. 









































































INSTRUCTION No. 31 

LIGHTING A CAR: Electric Lighting, Gas Lighting, Oil. 


There are three methods for lighting a 
car: Acetylene gas, electricity and kero¬ 
sene oil. 

The gas light can be produced from car¬ 
bide in a * * generator 91 or it can be stored 
in a “gas tank” and carried on the car. 

Electric lights are supplied with electric¬ 
ity from a storage battery. When the stor¬ 
age battery runs down, it can be recharged 
from an outside source, or from a dynamo, 
run from the engine. 

♦The old style “carbon filament*' in the electric 
globe, consumed so much current it was difficult 
to obtain a storage battery in a reasonable size 


and weight which would supply current for any 
length of time. The filament in the “Tungsten 
Mazda" globe reduces the current consumption 
and is not liable to break with the usual motor 
car vibration. 

i Lights on the car may be divided into those 
which are required by law (headlamps and rear 
lamps) and those which add to the convenience- 
and comfort of the driver and his passengers. 

Although some of the older pleasure cars and 
some trucks and other slow moving vehicles are 
still equipped with gas or kerosene lamps, elec¬ 
tricity is the standard method of car lighting at 
the present time. 

It Is well worth knowing that any oil lamp can 
bo quickly and inexpensively convered to electric 
by obtaining “adapters" from any of the acces¬ 
sory dealers. See chart 195. 


Automobile Electric Lighting Systems. 


There are three methods of furnishing cur¬ 
rent for car lighting; 

(1) Independent storage battery system. 

(2) Generator and battery system. 

(3) Independent generator system. 

(1) Where an independent storage bat¬ 
tery system ifc used the capacity of the bat¬ 
tery must be great enough to run the head¬ 
lamps and rear lamps for a reasonable time 
before the battery has to be recharged. 

From the lamp table page 434, we find that 
a current consumption of 7.85 ampere is re¬ 
quired for headlamps and rear and dash 
lamps, the equipment of the average car. 

A 100 ampere hour ^Oighting battery would 
run these lights for about twelve hours 
steady burning.t Under average conditions 
this would mean that the battery would 
have to be recharged about once a week. A 
120 or 150 amp. hour battery will not cost 
much more than a 100 ampere hour and 
will give better service. 

Candle Power, Voltage and 

The candle power of a lamp is expressed at c. p. 
Alhough we speak of a lamp as being 24 c. p., we 
really refer to the spherical c. p. This means that 
24 c. p. is sent out in every direction. A reflector 
does not increase the brilliancy of the light from 
the filament, it simply takes the total amount of 
light which is thrown in all directions, and con¬ 
centrates it in one direction. For instance, with 
a “spreading beam" the brilliancy is not as in¬ 
tense as if a "straight beam."—see page 433. 

The voltage ia usually that of the battery, but 
quite often to save the lamp from burning out, a 
lamp of one or two volts higher is used. For 
instance, if 6 volt lamp is used on a lighting 
circuit using a 6 volt battery the light would be 
bright as long as battery was fully charged. If 
a generator is used to charge the battery and sup¬ 
ply current for the lights when car is running 
over 10 or 15 m. p. h. f then the probabilities are 


(?) Generator and Battery System. 

The advantage of this system is that it 
automatically keeps the battery charged 
and permits more current to 4>e used for 
lighting without danger of running down 
the battery while on the road. An example 
is shown on page 343 and 342. 

(3) Independent Generator System. 

The Ford as an example: The generator 
in this system delivers alternating current 
which is used for both lighting and igni¬ 
tion. Battery cannot be charged with alter¬ 
nating current, and on this account the lights 
can only be run when the generator is run¬ 
ning and the strength of the light varies 
with the speed of the engine unless some 
type ef regulator is installed. 

This system is used only on Ford cars, page 265. 

Another type of magneto which, if run fast 
enough will light electric lamps is the inductor 
type magneto, per fig. 8, page 250, or fig. 4, page 
264. The “shuttle’’ type armature magneto will 
not light lamps. 

Amperage of Electric Lamps. 

the generator would develop a slightly higher 
voltage than the battery—result would be that 
the higher voltage would increase the brilliancy 
of the lamps and cause them to burn out quicker 
than if voltage was exact or less than that of 
lamp. Therefore, quite often higher voltage lamps 
are used, say 1 or 2 volts «higher. 

The amperage or quantity of current consumed 
is governed by the candle power of the lamp— 
the c. p. averages from 2 to 32. The higher the 
candle power the more voluminous is the light— 
if voltage or pressure is in accordance with that 
of the Tamp—therefore the higher the c. p. the 
more current or amperes consumed per hour. 

Watta: if you multiply the volte by the am¬ 
peres the result is expressed in “watts." For 
instance: 0 volt* by 2 amperes, gives 12 watts 
(there are 740 watts to a horse power). 


Where Lamps are Placed. 

Head lamps of which there are two, are usu¬ 
ally connected in parallel and the candle power 
varies from 17 o 82 c. p. each. 

♦♦Bide lamps, one on each side, usually con¬ 
nected in parallel, average 5 or 0 c. p. 

Spot lamp—only one is used, usually a nitrogen 
lamp of 20 or 82 c. p. 

Rear- lamp also called tail lamp, always with a 
Ted lens in rear and white light to side, to illum¬ 
inate the license number, is usually 2 c. p. 


The tall light and Instrument lamp are usually 
connected in series, as shown at A, page 426. If 
the rear lamp should burn out, the instrument 
lamp would not burn and vice versa. 

This is an advantage, because the law requires 
that rear light burn during the ni$ht. Being 
unable to tell from the seat if rear light should 
fail, this method is used. The voltage is just 
one half of that of the regular lighting circuit 
when connected in series. 


stMS zrvs&rS srs 

the great quantity of current reuired for starting motor the connections are heavier. , , 

♦♦Side lamps are seldom used, but small 5 or • c. p. bulbs are used in the headlamps for city driving and 
are often termed "dimmer lampe." 
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Stop lamp—two of which are sometimes placed 
just below the doors, are usually 5 c. p. 

Dash or Instrument lamp, placed over the in¬ 
struments, as the speedometer, ammeter,—2 c. p. 

Inspection or trouble lamp—is a lamp and ex¬ 
tension cord, carried under the seat and in case 
of need i6 connected in dash lamp socket—5 c. p. 

Tonneau lamp—back of front seat—5 c. p. 


NUMBER THIRTY-ONE, 

Dome lamp—placed in ceiling of car—5 c. p. 

Pillar lamps—usually two, placed on rear pil¬ 
lars, one on each side in rear of car—5 c. p. 

It Is advisable to use the best grade lamp, as 
low a candle power, and as few lights as pos¬ 
sible if the battery does not get sufficient charge 
ing from the generator. 


Automobile Electric Lamp Bulbs. 


♦Two types of lamps are used for car 
lighting; the vacuum type, usually known as 
Mazda B, and the nitrogen gas filled lamp 
known as the Mazda C. 

The source of light is the fine wire at the cen¬ 
ter of the lamp bulb, known as the filament. The 
current heats this wire white hot. If bulb was 
designed for 6 volts and circuit was 12 volts, then 
this wire would become so white it would burn 
up. If designed for 12 volts and circuit was 6 
volts, the filament would be yellow and dim. 

The voltage lamp to use depends upon the volt¬ 
age of system. If you do not know this, count 
the cells of storage battery, each cell gives 2 
volts—or see table, page 434. 

Mazda B lamps page 434, usually have this wire 
or “filament*' made up in the form of a spiral 
about of an inch long, and V6 of an inch in 
diameter. This gives a uniform distribution of 
light all around the spiral. 

Mazda C lamps page 434, usually have the fila¬ 
ment made up in the form of an inverted V. In 
most type 0 lamps the V is about % of an inch 
high and about the same distance across the base. 
Some makers of type C lamps make the V about 
%6 in. long and Vfe in. across the base. This 
form gives a much better distribution of light 
than tne short V. 


The Mazda “0“ lamp is brighter and gi ves 
more c. p. for same amperage consumption, but is 
more sensitive to voltage variations—see foot note. 

Koto—As the lamps becbme older, the cur re n t 
consumption increases. If the glass of the laasp 
bulb is blackened or the filament bends down if 
less than \ts rated (c. p.) is being used, it will 
be best to replace the lamp bulbs. 

Standard Lamp Sizes. 

The Mazda .B lamp, page 434, is designed for 
all lights, as rear, side, head. It is made in 
6 to 8 volt, 12 to 16 volt and 9 volt for the Ford. 

The Mazda O lamp, page 434, is designed fox 
headlights and spot lights and is made in 6 to 8 
volt, 12 to 16 volt and 9 volt for the Ford. 

Candle power of above lamps are given in table 
page 434. 

Where 24 c. p. or less is used In headlamps, the 
type B will usually give the best satisfaction, even 
though they take 20 per cent more current, due to 
the sensitiveness of the 0 lamp, as per foot note. 
The spiral filament of the B lamp also gives a bet¬ 
ter distribution of light than the 0 with a short 
filament. 

Where more than 24 c. p. is desired, the type 
O must be used, but those with a long V are pre¬ 
ferable. 


Types of Lamp Bases. 


Tbe lamp base is that part which fits into the 
socket. There are four types as explained under 
the illustration. The illustrations are full size. 



Fig. 1—Double contact bayonet base. 
Fig. 2—Single contact bayonet base. 
Fig. 3—Candelabra screw base. 

Fig. 4—Miniature base. 


Figs. 1 and 2 are the two types used for auto¬ 
mobile work, are also known as the “Bdiswan" 
DC and SC base; (DC meaning double contact 
and SC. single contact, also designated aa D and 
S, also E. D. and E. S.) 

Fig. 1—is used where cars are equipped with 
the “two wire" system. 

Fig. 2—For “single wire" or grounded return. 
Figs. 3 and 4—Seldom used for automobile 
work—used extensively for decorating purposes. 
Lamps must be selected to correspond to the 
socket used. 

Adapters consisting of small fibre discs with 
metal inserts can be secured at small cost and will 
enable both kinds of base6 to be used in either 
kind of socket. 

For voltage and base used on the different cars 
see page 434. 


Headlamp Adjustments. 


The light you get on the road will depend on 
the candle power you get from the lamp in th«r 
reflector; on the focus or adjustment of the lamp 
in relation to the reflector; and on the direction 
in which the headlamp Itself points. 

Different Focusing Adjustments. 

Getting the lamp bulb in the proper relation 
to the reflector to give the best light on the road 
is called focusing. All headlamps are provided 
with some means of moving the lamp bulb back 
and forth along the center line of the reflector 
which line is called the axis. The four types of 
adjustments, figs. 6, 7, 8 and 9, shown, should 
cover practically all of the headlamps used. 

Fig. 6: Has an 
adjusting screw or 
knob near the cen¬ 
ter, on the rear of 
the headlight shell. 
The lamp bulb is 
moved forward by 
turning the screw or 
knob (1) to the left 
and backward by 
turning it to the 
Fig. 6. Fig. 7. right. 



Fig. 7: The lamp is held in place by a ratchet 
device (2). The lamp is moved forward or back by 
grasping tbe bulb and either turning the bulb to 
the right or by pressing it to one side or the other 
to disengage the ratchet, and then palling or push¬ 
ing the lamp in its socket to the next notch In the 
ratchet. If the lamp doesn't move easily, remove 
reflector and see how ratchet works. 


Fig. 8: The ad¬ 
justment is made by 
turning the largo 

screw (3) in the rim 
of headlight front 

just at the edge of 
the reflector. By turn¬ 
ing this screw to the 
right it will move the 
lamp forward in the 
reflector. Turning it 
to the left moves it backward in the reflector. 



Fig. 8. 


Fig. 9. 


Fig. 9: The lamp is held in place by a set 
screw (4) in back of the reflector. When the set 
screw is loosened, the lamp may be moved back¬ 
ward or forward. The set screw mast be tight¬ 
ened securely to hold the lamp in place. 


$The vacuum lamp uses a “Tungsten" filament instead of a “carbon" filament. The air is withdrawn 
from bulb hence a vacuum. The gas filled lamp also uses a Tungsten filament but the bulb is treated 
with nitrogen gas whieh increases the brilliancy by increasing heating intensity of the filament. For 
this reason the “gas filled" lamp is very sensitive to increase of voltage and is best adapted for 
fedtaonstant voltage" regulated generators—see page 925. 



















ELECTRIC LIGHTING. 
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Relation of Focus to Light on the Road. 



l. parabolic type of reflector, made of 
with a highly polished silver surface, 
used in most headlamps. If a lamp Was 
<1 without a reflector the light which 
ves the lamp filament would be thrown 
every direction per fig. 70. When a re- 
itor is used the light from the lamp fila- 
nt is concentrated all intone direction, 
X>er fig. 71. 

A ray of light 
is the light 
which falls on 
any one point 
of surface of 
reflector and is 
sent off from 
that point. 

A team is the 
toal mass of 
light rays leav¬ 
ing the open¬ 
ing in reflector. 

One of the fundamental laws of light IS, 

isit the angle at which light leaves a sur- 
ice is the same as the angle at which it 
rikes the surface. By referring to figs. 22, 
I, 24, note angle which is made by the 
ays of light leaving the surface of the 
aflector at H, M, and N, is the same as 
he angle made by the ray of light striking 
he reflector at the same point. The angles 
t which the rays strike the reflector are 
ailed “angles of incidence’’ and those leav- 
ng the reflector are called “angles of re¬ 
action.’' 

Fig. 22 shows 
distrlbu 11 o n 
of light leav¬ 
ing opening of 
reflector when 
lamp filament 
O is at focal 
point X of re¬ 
flector. The 
rays which 
start from 

Fig. 22 , Ftg 23 .\^ Y — point X, and 

Straight Beam Spreading Beam Strike reflec¬ 

tor at H, M and N, must be reflected 
parallel to each other to make reflecting 
angles equal the striking angles. This 
gives a cylindrical or straight beam. 
The beam is theoretically the same size 
(XY fig. 22) throughout its entire length. 
A straight beam gives a very narrow 
streak of light down the center of the 
road like a spot light; but no light to the 
side of the road. 

Fig. 23 shows the form of beam leaving the 
reflector when the filament O, is back of 
the focal point X. The rays spread or 
diverge from one another and form a 
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spreading beam, with its narrowest point 
at opening of reflector, XY. Note that 
the light rays which leave the headlamp 
at a rising angle are those which come 
from the upper half of the reflector. 

Fig. 24 shows the effect of bringing the fila¬ 
ment O, ahead of the focal point X. This 
forms what we call a crossed beam. Note 
that the light rays which leave the head¬ 
lamp at rising angle are those which come 
from the lower half of reflector. 

Anti Glare Devices. 

In most states, laws are being enforced to 
prevent glare. The light which produces 
glare is that part which leaves the headlamp 
at a rising angle and so never hits the road, 
but does hit the eyes of approaching drivers 
or pedestrians. These rays may come from 
either the top or bottom of reflector, de¬ 
pending upon the position of the lamp in 
the reflector. 

Methods For Reducing Glare. 

(1) By using a very low candle power lamp; 
dimming the headlamps; using whiting, semi¬ 
transparent paint or colored glass. Low can¬ 
dle power lamps reduce the brilliancy and col¬ 
ored glass or paint absorb part of the light 
and reduce the lighting effect desired and are 
unsatisfactory. 

(2) By tipping the reflector forward enough to 
bring the upper edge of beam below the 
average eye level (M2 inches is the usual 
legal limit.) The distance to which the road 
will be lighted is very much shortened. 

(3) By diffusing the light by means of ground 
glass, office partition glass or specially do- 
signed “diffusing" Ions, having its surface 
covered by a large number of small lens or 
pryamids. With diffusing lenses there is a 
tendency to glare if the candle power of lamp 
is sufficient to light the road, as the light is 
thrown in all directions. 

(4) By using “deflecting lenses which bend or 
deflect that part of beam which leaves the 
headlamp at a rising angle and direct this 
part of the beam back to the road level. De¬ 
vices of this kind have the advantage of be¬ 
ing able to limit the glare without cutting 
down the distance to which the light will be 
thrown on the road. 

Some of the deflecting lenses which are con¬ 
structed so as to affect all of the light leaving 
the headlamp, make it hit the road nearer 
to the car than it would with clear glass, 
and are not desirable. 

Fig. 65 is an ex¬ 
ample of a diffusing 
type lens. Both 
Bides of glass are 
covered with small 
lenses. Adjust for 
a straight beam for 
best results. 

Fig. 66 is a de- 

Fig. 65. Fig. 66. Th^horfiontllfprismB 3 

throw light on center of 
road and cylinders on in¬ 
side, spread toward side 
of road. Hood at top in¬ 
tended to cut off any 
stray rays of light which 
might leave the headlamps 
at a rising angle. Adjust 
for a straight beam. 

Fig. 73 is a deflecting 
type lens explained on 
page 435. 

Fig. 73. 




*The most common “glare height" regulation in regard to headlamps is that at a point 75 feet or more 
ahead of the car, the concentrated beam from the headlamp shall not rise more than 42 inches above 
the road level, when the car is standing on a level. In the latest headlamp regulations, the height 
has been raised to 60 inches from the road surface, and the intensity of the light is limited to a 
maximum of 800 candle power above this point. 
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ABBREVIATIONS t —O.B—^Circuit breaker (see page 429), D, —Double wiring ivstem. I 
double contact (see page 433), E.S.—Ediswan single contact. H.—.Small bulbs in head lamp* 

iog. Resist,—Resistance. S,—Single wiring if stem. Serins—Series connection, (Motor Wn 

Above are 1918 c* p, bulbs. An bulbs have now been standardized as below, it will be necests 
nearest c. p—as per table below. 



MAZDA LAMPS 

Illustration on* half actual size. 



CAUDLE fOWEl AXD AJtTEK T AMU 



Fig. 3 0-12 


I .1** X r f). ■ 

[bp tulip*? Piwhl N 44 • oil*, M ***P .*rli .. H rtf* 

*.*fe uf I t. |K ,«a kmp. or is-le iplt elf cult Dhh, MB*.' 

Mazda B, 0 to 0 volt, made In 2, fi, 
Mazda C, 6 to 8 volt, made m lifl, 32 
Mazda B, 12 to id volt, made in 3, 6 

Mazda 0, 12 to 16 volt, made in 30 i 

Mazda B for Ford, 9 volt, an- mode ; 

Mazda 0 for Ford, 9 volt, arc made S 

are used in “aeries/* with double contact b 


Two lamps 
the Ford, 

G-8, 6-12, 6-l@Vk: G, designates that bulb is round 
f 12 or 16^ means that many eighths of an inch. A* 
of an iueb, e<iuata 2^ inches di, of bu“ 
contact base. 


bulb, S, single roots 


Fig. 4 Fig. 5 Fig. 6 

G-8 G- 6 G- 6 


Proper voltage and base of lamps for Ford, “Special 1 ' Ugh 

lienemotor, 12-16 v, 1>. 0, base; tjray Duyib, 6 8 % S. 0-. 
Westtnghouae, 12 16 v, S, C. (D. 0, and B, C, incana doul 
contact base.) 


CHART NO. 107—Lamp Bulbs; Voltage and Candle Power Used on 1918 Cara and 
Of Bulbs for 1919, See also pages 54 3 to 546, 

Chart 196 omitted (error in numbering). 
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I ideal roidlight would be one which would 
- the road from fence to fence for at least 
zeet ahead of the car. The edge of the road 
« l>e so brightly 4 4 spot-lighted’ r that it could 
teen and followed in spite of the glare from 
4»proachliig car. One make of lens designed 
wet these conditions is shown in fig. 78. 


Pig. 72. 


The diagonal prisms (fig. 78) on lower half 
reflector bend the light which would otherwise 
use glare, to light the sides of the road at BB. 
e vertical prisms on upper half concentrate 
» distance light on the road shown at A. The 
ot-light effect is shown *t 00, fig. 72. The 
}ustment is for a wide crossed beam. 


Adjustment and Focus For 
Different Lenses. 

When a 4 ’diffusing” type of lens is used it 

akes no difference whether you hare a crossed 
lam. spreading beam or straight beam, except 
ist where a straight beam is used there will be 
ss diffusion, and consequently a stronger light 
lead of the car. ' 


Whan a 4 ‘deflecting” type of lens is used it is 
bsolntely necessary to know whether it is 
l tended for nse with a spreading, crossed or 
trsight beam before the focus can be made to 
knurs satisfactory results, therefore manufac- 
urer’a instructions should be followed carefully. 

If that part of the deflecting lens which is de¬ 
igned to bend the “glare rays” down towards 
he road is located in the upper half of the lens, 
*‘spreading beam” must be used. If located 
n the lower half, a “crossed beam” must be 
aed. % 

If the device is made of prisms having a uni- 
orm angle on both upper and lower halves of the 
levies, a *‘straight beam” must be u^ed. 

Checking Lamp Adjustment. 


To find out whether the lamp is set for a 
“spread” or “crossed beam” pass a screen such 
as a piece of board or paper, down in front of 
the headlamp. If the shadbw caused by the screen 

moves up as the 
screen moves 
down, the fila¬ 
ment of the 
lamp is in 
front of the fo- 
Fi 1Q cal point (fig. 

Fl ** 10 * 10) and you 

have a “crossed beam.” If the shadow moves 
down with the screen, the lamp is set for a 
“spreading beam." 



.Another method to test If light is a crossed 
beam or spreading beam; let the light from the 
headlight shine on a wall or screen 10 or 15 feet 
ahead of the lamp. Then move the lamp bulb 
back in the reflector. 


If the 8pot on the wall grows larger as the 
lamp bulb is moved toward the back of the re¬ 
flector, the lamp is adjusted for a spreading beam 
snd the filament is back of the focal point. 

If the spot on the wall grows smaller as the 
lamp is moved back towards the reflector, the ad¬ 


justment is for a crossed beam, and the filament 
is ahead of the focal point. 

If the filament is moved from as far back in 
the reflector as it will go, to a point as far ahead 
as it will go, you will find that the spot of light 
will first grow smaller and then grow larger, as 
the filament passes the focal point. The point 
where the spot is smallest is the point where the 
filament is practically at the focal point X, and 
the adjustment is for a straight beam. 

These tests are of course,, made with plain lens. 


Focusing Headlamps with Plain Lens. 

One plan would be to take car out on a level 
road at night and set the headlamps so that both 
of them point straight down the road. Then ad¬ 
just or focus the position of the lamp in the re¬ 
flector until the light covers a width of about 25 
feet on the road at a point 150 feet ahead of the 
car. The headlamps should be tipped forward 
slightly, so as to bring the brightest part of the 
light on the road at a point about 150 feet ahead 
of the car. 

If It is necessary to make the adjustment on 
the headlamps during the daytime in a garage, or 
some place of that kind, set the car so that the 
light will shine squarely on a wall or screen 20 
feet ahead of the car, fig. 18. Adjust or focus 
each headlamp separately until the spot thrown 
bv each lamp on the wall is about 8 feet in 
diameter. 



With both lamps throwing light on the wall, 
adjust the headlamps themselves so that the dis¬ 
tance between the centers of the two spots on the 
wall will be the same as the distance between the 
centers of the headlamps. Tip the headlamps for¬ 
ward so that the centers of tne two spots on the 
wall will be about 4 inches lower than the oen- 
ters of the openings in the headlamps. This will 
bring the upper edge of the beam as low as prac¬ 
tical without too much loss of distance. 

Note. The above adjustment should only be 
used with plain glass in the headlamps, or with 
diffusing lenses, and may not be correct where 
deflecting lenses are to be used. 

To Clean Reflector and Lens. 

Do not forget that dust or dirt on the reflector 
or on the glass lens may cut down the light on 
the road by more than half. 

To dean reflector, use a 
very soft, clean cloth with¬ 
out using pressure and in a 
circular motion. Never rub 
a reflector with a cloth or 
chamois skin which is cov¬ 
ered with dust or grit. It 
will scratch the reflector 
and ruin it for service. 

If a reflector becomes tar¬ 
nished or scratched, take it 
to a silver plater and have 
it buffed. It cannot be 
properly polished in any 
other way. 

To Clean the Glass Lens. 

Absorbent cotton, dipped in alcohol and lightly 
nibbed in a circular motion over the surface 
will be found efficient. 



Assisted by Mr. Frederick H. Ford. Address of Lens mannfactnrers: The Roadlighter Lens, fig. 72 
snd 73, are manufactured by 0. A. Shaler Co., Waupun, Wiscn.; The Warner Lens Co., 914 Mich. Ave., 
Chicago; Macbeth, by Macbeth-Gvans Glass Co., Pittsburg; Legalite, by The Legalite Corpn., Boston, 
Mass.; Sun Ray, by Prismolite Co., Columbus, Ohio; Conaphore, by Edw. A. Cassidy Co., Madison 
Ave. and 40th St., New Tork. 









436 


DYKE’S INSTRUCTION NUMBER THIRTY-ONE. 







n- ifw so¬ 
le* drip typo; gas 
generator. The used 
up carbide shakes 
through the perfora¬ 
tions into the base 
(T) of the genera¬ 
tor. The water tank 
forms the top part 
of the generator. 


Gas Lighting 

Fig. 1—Showing how amah 18 inch 
tubing and rubber tubing connect! 
generator to lamps. Note the rubber nkq 
connected from the copper tubing 
lamp drops in a curve. Tbit will f-i*** 1 
rubber tubing at the lowest point, (jh m 
denses and turns to water and 
clogs the pipes and gas tips. If this n«■ 
tubing is disconnected occasionally the m 
d eased water will drain out. 

It is always necessary that the Li 
leads from the gas generator to ike 
on as much of an tneline i» pmsitk 
fact, a d aincock could be placed at th* Ir 
point to advantage. The pipes to eaoh 
should be independent if possible 
Fig. 11—Explanation of the drip type of carbide generator: The tael t 
being filled with water at (D) the water saturates the cotton wirfc <H) j m 
tube (J) and the valve (F) being turned ON it drops into the screes tgk 'J 
passing out of the holes at the bottom, coming in contact with the carbide f 
gas which passes out at top of generator through pipe (O). The unused cart* 
held in the cage^is separated by the screen in the bottom and the dust 
carbide falls to the 
bottom (T) perfects 
dry. Oonsequentl} 
the charge is always 
fresh while it lasts 
and ready to light 
or extinguish, and 
cleaning s i m p 1 > 
means emptying th« 
dry dust at the hot 
tom and refilling the 
cage with carbide 
and the tank with 
water. To shut off 
the light turn the 
valve (F) off: f-F) 
being a two-way 
valve on the side 
(not lettered) the 
gas then contained 
in the generator pas¬ 
ses out of the two- 
way valve into the 
ir thus insuring per¬ 
fect safety. 


Fig. 13—Simple form 
of Diving Bell generator 
for Acetylene gas; called 
the automatic type. 

When the supply to 
lamps is shut off the 
pressure of gas in the 
inner chamber drives the 
water up from the cal¬ 
cium carbide. 


Fig 13-The 
Automat ic 
Type of Gas 
Generator. 


14.—Sectional View of the Ga» Tank 


and Hi 


Fig*. 


usu 


ning 


text 


Ktraction 


Fig. i - Gauge 
reading in pounds. 


lng In 


atmosphere 




Fig. 10 — Gauge 
reading in atmos¬ 
pheres.* 


— . 

rig. S—Interior #f ft Om tip «r 


kola* art la wck and, only c__ __ __ 

dlemiH* to th« ix*. Tho kola, kovoaai 
batonaa cloffad Is tbs anon bolt r~~ 
largo ooa. 


Ilf. X —How \ 
Olaaa a Om Tip. 




Lighting the gu by an electric (park: Thu a** 
consists of a special valve and switch placed «sw 
dash board (D). a high tension coil (C), and t 
gas lighting attachment shown at the left in fit • 

The connections are as follows. The gas tssk* 
piped to the valve and connected to a union saw* 
After gas passes through valve it is then carried 
lamps. Wire runs from switch to coil and free 
through primary winding to battery. Through bsthff* 
ground. 

An attachment (Bl) is placed on each gas tip I* h 
lighted. When lever is pressed down this epesi* 
gas and also makea a temporary electric eeatadBJ 
spark jumps across points S, and lights the gu * 
ignition battery or dry cells Ail] do this work. 

See also page 726 for another principle. 


OHABT NO. 198—Om Lighting; Independent Om Generator and the Om Tank. 

•An atmoM i nn equals 14.7 lbs. at sea level. 

Oharts 19n /iud 200 omitted (error in numbering) 
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Opening Electric Headlamps. 


The “door” to the headlamp may he fastened 
on In one of several ways. There may be a hinge 
*t the top and a screw clamp at the bottom or the 
hinge may be at one side and the clamp at the 
other. If no hinge shows, and the "door" over¬ 
laps the shell of the headlamp, the "door" can 
probably be removed by pressing it in, and at the 
same time turning it to the left. 


In some headlamps, the glass Is held In place 
by a retaining spring, which slips in between the 
headlamp shell and the glass. 

In other headlamps, the rim which holds the 
glass is held up against the shell by a band which 
fits over shoulders on both rim and shell, and is 
drawn up by a screw at the bottom of the head¬ 
lamp/ 


Dimming The Hired light 


These methods of dimming the lights were for¬ 
merly used when car was standing. Most cars 
are now equipped with small lamps in upper part 
of headlamp, which are only 6 c. p., therefore the 
methods described are now seldom used. 



There are two general principles for dimming 
lights; by "resistance" (which causes loss of 
current) cut into the circuit (fig. 8), and by 
throwing lights in "series" connections (flg. 2). 

Tig. 1, we will assume all light circuits are 6 
volts in the three illustrations. In flg. 1, the two 
lights are connected in parallel—the terminals of 
each light connect with the six volt circuit* 


Flg. 2; To dim by a "series" connection—the 
switch and wiring is arranged so that the parallel 
connections as in flg. 1, are cut out, and lights 
are connected so that current from the two light 
wires must flow through both lamps—"serially" 
or generally termed, connected in "series." If 
each lamp is 6 volts and there is only a 6 volt 
supply—then each lamp will get but 8 volts or 
half its voltage; hence will burn half as bright. 

Flg. 4. Method 
of increasing bril¬ 
liancy of lamps, 
when a * 'resis¬ 
tance" type of 
dimmer is used. 

Note, part of 
the resistance 
wire is short cir¬ 
cuited by binding 
as shown. 

Fig. 4, 

When German silver wire or some other form of 
resistance Is used for dimming lights the prin 
ciple is to cut this resistance into the line as 
shown in (flg. 8). The lights will then be dim¬ 
med according to the amount or length of wire 
placed into the circuit. 

A switch (8) can be arranged so that by plac¬ 
ing point of Bwitch blade on WI, flg. 3, the 
resistance is cut out. When connected with wire 
W—it is cut in. 

To vary the intensity of the headlights when 
dimmer is in circuit (Delco system, page 821), 
is merely a matter of shortening the path of the 
flow of current (the dimmer "resistance" wire) 
—which can be done by tieing one coil torether, 
which will make considerable difference, flg. 4. 

To do this; it Is necessary to remove the switch. 
Remove the four bolts passing through housing 
at back of switch. The housing will then come 
apart. Remove No. 1 wire which connects with 
generator, before dismantling switch. Otherwise 
a short circuit will result. 



A “Spot* 

Is a type of lamp, which can be placed on the 
wind-shield, and turned in any direction by hand. 

It is also well adapted for army use. 

Where a great deal of night driving is done or 
a cross-country trip made, a spot light is of great 
convenience. It is fastened close to the driver's 
hand and can be directed at any spot desired. 

Adjustment is for a "straight-beam" with flla- 


’ Light. 

ment exactly at focus point, see flg. 22, page 488. 

Spot lights are prohibited in some states, and 
in others the law requires that the light be thrown 
on the ground, not more than 60, 75 or 100 feet 
ahead of car and must not be directed in the faces 
of persons approaching. 

Elecric bulb is usually nitrogen type 20 or 
32 c. p. 


♦Gas Lighting- 

There are two types of gas or carbide genera¬ 
tors hi use: the drip type and the automatic type. 

In the "drip" principle of generation, the 
water is usually arranged to drip directly on 
the carbide, and the amount of gas formed is 
regulated by a tap which allows more or less 
water to come in contact with carbide. (Fig. 11.) 

A modification ef this system, allows the water 
to drip down a perforated metal tube, surrounded 
with carbide, and thus the water gradually soaks 
through the carbide. 

All generators are now made specially with a 
view to ease of detachment, refilling or charg¬ 
ing, and cleaning; this latter is specially im¬ 
portant, as any neglect to clean out the lime resi¬ 
due from the container immediately after a 
period of use renders cleaning a matter of con¬ 
siderable difficulty. 

Another important detail in working a genera¬ 
tor is always to obtain the best quality of car¬ 
bide, keep it in a thoroughly dry place, and 
tightly sealed up to prevent deterioration. 

Fig. 13. The automatic type of generator; in 
some respects, is simpler and gives a better reg- 
ulstion of the gas, but it does not seem to be 
always reliable. 


-see page 436. 

In brief, the working is as follows: The car¬ 
bide is contained in a bell or chamber, with 
perforated sides and bottom, to admit water freely. 
This bell has a suitable outlet for the gas. 

It is supported inside an outer vessel or tank, 
to hold the water. Immediately the water comes 
in contact with the carbide gas is generated and, 
if the supply tap is open this gas will pass on 
to the lamps. Should the tap be closed, the pres¬ 
sure exerted by the gas then acts inside the bell, 
and drives the water away from the carbide. 

Should the generation of gas still continue 
for some time it will force its way .through the 
water and escape into the atmosphere, through a 
small vent hole, so that no dangerous pressure 
can develop within the generator. 

It will be seen that an automatic regulation 
of the gas is thereby obtained, because immedi¬ 
ately more is being generated than can be used; 
the water is driven away from the carbide, but 
as soon as there is a demand for more gas the 
pressure inside the bell falls and water re-enters. 

The gas outlet pipe and cotton wool or horse¬ 
hair filter, whence the gas reaches the top or, to 
which the tubes are connected to the lamps is 
shown at (AA). 


*Gas lighting is now seldom used, but is explained for the benefit of the reader 
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A gas bag is provided on the gas outlet pipe 
inside the generator to steady the pressure. 

The carbide container lift* right out of the 
tank by unscrewing the nuts (D h). 

The tank is filled up from the aperture (K) 
in the plug of which is a small vent acting as a 
safety valve. In this, as in other forms, the 
gas can be turned on and off any number of 
times tiil the carbide is all used up. 

t 

•Gas Burners;—Also called Gas Tips. 

The gas burner is made up in various styles, and 
consumes from .26 to 1.6 cubic feet of gas per 
hour. By referring to figs. 3 and 4, chart 19e, 
the reader will observe the construction. 

If acetylene gas was used with an ordinary jet, 
it would have a yellow tint, but the oxygen drawn 
into the tip through the large hole raises the tem¬ 
perature of the flame to a point where a white 
blase is obtained, therefore it is necessary that 
the smaller hole in the burner be kept clean. 

If the flame is yellow and dim the above is 
probably the cause, or the pipe lino needs blow¬ 
ing out, or the generator needs cleaning. 

If the independent generator is used, it is im¬ 
portant that all parts be perfectly clean and 
fresh carbide added daily, using quantity required. 

Lighting the Gas. 

The usual method for lighting the gas is to 
turn on the gas at the generator or tank and 
light the gas at the burners with a match. 


The modern method is to turn on and ligLt the 
gas from the seat. This is accomplished by a 
valve and electric spark, (see flg. 20, page 4M.) 

Non-Freezing Solution for Gas Generators. 

Use plain alcohol in the proportion here gives. 
Alcohol is a fuel, but not explosive. It will, there¬ 
fore, probably give a slightly stronger gas than 
water, and for this reason less will be required. 
Do not use glycerine, as this is an explosive. 

Percentage of alcohol to water: At 18 de¬ 
grees, 10 per cent; at 6 degrees, 20 per cent; at 
—2 degrees, 25 per cent; at —9 degrees, SO 
per cent; at —15 degrees, 35 per cent; at —24 
degrees, 40 per cent.** 

Carbide—Used In the Generators. 

The chemical formula for Acetylene is O H 
(i. e., a oompound of carbon and hydrogen). It 
has a characteristic pungent odor—which at ones 
gives evidence of any leakage—and is a poison 
if inhaled in any quantity. 

Approximately one pound of good quality cal¬ 
cium carbide, will generate six cubic feet of acety¬ 
lene gas. It can readily be liquified or coaa- 
presaed but in this state it is highly explosive, 
and its use finds no favor in this country. What 
is known as dissolved acetylene however, is safe. 

The gas in a moist or impure state attacks 
copper or brass, forming acetylene of copper, 
which is exceeding explosive, so much so that 
it will go off by slight friction or a blow. This 
accounts for the small explosions that are some¬ 
times experienced when cleaning a generator. 


fThe Pressure G&s Storage Tank. 


This tank Is charged at the factory. When the 
tank is exhausted it is taken to the local agent 
and exchanged for a fully charged tank. 

The gas used in the tank is acetylene gas, 
made from carbid*—the same kind of gas used 
in a generator. Figs. 14 and 14A, chart 198, illus¬ 
trate the Prestolite gas tank. The amount of gas 
in the tank is indicated by the pressure gauge. 
In this way the motorist can tell the quantity of 
gas in the tank. A key opens the valve which 
allows only a low pressure of gas to feed the 
lamps. 

The piping of the gas from the gas tank to 
the lamps is just the same as used with an in¬ 
dependent generator. 

The Prestolite gas tank is made in three styles: 
Style E which weighs 23 lbs.; style B, 80 lbs., 
and style A, 50 lbs. 

The pressure inside the tank (E) is based on 
a pressure of 15 atmospheres or about 50 cubic 
feet of gas which will supply gas for 2, 34-foot 
burners for 50 hours. 

The tank should be placed on the car so that 
it can be easily removed. The running board is 
a convenient place. Always place tank top side 
up. 

Prestolite Gas Tank Pointers. 

Prestolite gauges, how to read them; several 
styles of gauges are used, some register in at¬ 
mospheres, some in pounds and some in both, 
(see figs. 16, 17, 18, chart 198). If you wish 
to determine the number of pounds of pressure in 
your tank, reading from a gauge showing only 
atmospheric pressure, multiply the number of 
atmospheres shown, by 14.7 which is the number 
of pounds to which one atmosphere is equal. The 
result will give you the number of pounds of 
pressure in your tank. All atmosphere gauges are 
marked “ATM.*’ 

Prestolite tanks are charged to a pressure of 
225 pounds (equal to approximately fifteen at¬ 
mospheres) at 65 degrees Fahrenheit. If the 
temperature of a tank be increased 10 to 20 de¬ 
grees F. the pressure will be raised 25 to 60 
pounds. If the temperature be lowered, the pres¬ 
sure will be reduced in about the same ratio. 
This accounts for the rapid fall in the gauge pres¬ 
sure when a tank is taken from a warm garage 
into the cold air of the street. Change in tem¬ 
perature does not affect either the quantity or the 
quality of the gas. Consequently when the out¬ 
side temperature is 65 degrees F. a properly filled 


Prestolite lank will show a pressure of about 15 
ATM (atmospheres) when using the atmospheric 
type of gauge, and 225 pounds when using the 

J range reading in pounds, while the gauge show- 
ng both pounds and atmospheres will indicate a 
pressure of 221 pounds, or 15 ATM, with cor¬ 
responding variations aecording to the outside set 
tied temperature, despite the fact that the first 
two mentioned gauges show a capacity of 40 ATM 
and 600 pounds, respectively. 

Where to look for leaks: Note: rub soap-suds 
along the pipe lines and over all joints and con¬ 
nections. Do not use a match, any soonor than 
you would use one to hunt for a gas leak in 
your cellar. 

(1) Union where attached to tank; (2) rub¬ 
ber hose connecting union with brass piping of 
car; (8) joints where rubber hose connects with 
union and with piping of car; (4) joints, T*a or 
crosses where piping branches; (5) where * rub¬ 
ber hose connects piping with lamps; (6) part 
of lamp to which burners are attached; (7) any 
point on piping where there ia a liability ef 
chafing. 

Sizes and capacities of Prestolite tanks: "A” 
—22 inches long, 734 inches in diameter; eon- 
tains 70 cubic feet of gas. 

Using two 34-ft. burners, 70 hours lighting 

Using two %'ft. burners, 66 hours lighting 

Using two 3i-ft. burners, 46 hours lighting 

(< B"—20 inches long. 6 inches in diameter; 

contains 40 cubic feet of gas. 

Using two 34'ft. burners, 40 hours lighting 

Using two %-ft. burners, 82 hours lighting 

Using two 34-ft. burners, 26 hoars lighting 

"E"—16 inches long, 6 inches in diameter; 

contains 80 cubic feet of gas. 

Using two 34 *ft. burners, 60 hours lighting 

Using two 34-ft. burners, 80 hours lighting 

Oil Lighting. 

Inasmuch as electricity for lighting is now the 
adopted standard and is almost universally used, 
it is hardly worth while to deal with the kerooene 
oil lamp. The oil lamp when used in place of 
electric lights, is generally placed tail or rear 
lamp, to illuminate the license number and as 
required by law for protection of the fire de¬ 
partment. 

The brilliancy of oil lights can ha improved to 
using a hard wick and placing cotton in the bowl 
of lamp. Then use gasoline or half gasoline aad 
light cylinder oil instead of kerosene. 


•Gas burners are also called gas tips—the average gas tips consume one-half foot of gas per hour. 
Gas tips are made in standard sises as follows: 34 foot, 34 foot, 34 foot and 1 foot. 

*The dash in front of the figures are "minus** signs or below zero. fSee page 718 for furtkm 
letails of a gas tank. 
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Glossary to the Storage 

This page is provided for reference, in case 
reader is not familiar with words or terms nsed. 

Add. As used in this .book refers to sulphuric 
aeid (H 28 O 4 ) the active component of the elec¬ 
trolyte. 

Active material. The active portion of the bat¬ 
tery plates; peroxide of lead on the positives and 
spongy metallic lead on the negatives. 

Alternating current. Electric current which 
does not flow in one direction only (like direct 
current), but rapidly reverses its direction or 
“alternates'* in polarity so that it will not charge 
a battery. 

Ampere. The unit of measurement of the rate of 
flow of electric current. 

Ampere hour. The unit of measurement of the 
ouantity of electric current. Thus. 2 amperes 
flowing for V 4 hour, equals 1 ampere hour. 

Arc burning. Making a joint by means of elec¬ 
tric current which melts together the metal of 
the parts to be joined. 

Battery. Any number of complete cells as¬ 
sembled in one % case. 

Battery terminals. Devices attached to the posi¬ 
tive post of one end cell and the negative or the 
other, by means of which the battery is connected 
to the car circuit. 

Buckling. Warping or bending of the battery 
plates. 

Burning strip. A convenient form of lead in 
strips, for filling up the joint in making burned 
connections. 

Case. The containing box, which holds the 
battery cells. 

Cell. The battery unit, consisting of an element 
complete with electrolyte in its jar with cover. 

Cell connector. The metal link which connects 
the positive post of one cell to the negative post 
of the adjoining cell. 

Charge. Passing direct current through a bat¬ 
tery, in the direction opposite to that of discharge. 
In order to put back the energy used on discharge. 

Charge rate. The proper rate of current to use 
In charging a battery from an outside source. It 
is expressed in amperes and varies for different 
aised cells. 

Corrosion. The attack of metal partB by acid 
from the electrolyte; it is the result of lack of 
cleanliness. 

Cover. The rubber cover which closes each in¬ 
dividual cell; it is flanged for sealing compound, 
to insure an effective seal. 

Discharge. The flow of electric current from 
a battery through a circuit. The opposite of 
“charge." 

Electrolyte. The fluid in a battery cell, con¬ 
sisting of specially pure sulphuric acid, diluted 
with pure water. 

Element. One positive group, and one nega¬ 
tive group with separators, assembled together. 

Filling plug. The plug which fits in and closes 
the orifice of the Ailing tube, in the cell cover. 

Flooding. Overflowing through the filling tube. 
With the "oxide" automatic filling tube, this can 
usually occur only, when a battery is charged 
with the Ailing plug out. 

Freshening charge. A charge given to a battery 
which has been standing idle, to insure that it is 
in a fully charged condition. 

Oassing..The bubbling of the electrolyte caused 
by the rising of gas set free toward the end of 
charge. 

Generator system. An equipment including a 
generator, for automatically recharging the bat¬ 
tery ; in contradistinction to a straight storage 
system where the battery has to be removed to 
be recharged. 

Gravity. A contraction of the term “speciflo 
gravity." which means the density, compared to 
water as a standard. 

Gild. The metal framework of a plate, sup¬ 
porting the active material, and provided with a 
lug for conducting the current and for attach¬ 
ment to the strap. 

Group. A set of plates, either positive or nega¬ 
tive, joined to a strap. Groups do not include 
separators. 


Battery Instruction. 

Hold-down dips. Brackets, for the attachment 
of bolts, for holding the battery securely in posi¬ 
tion on the car. 

Hydrogen flame. A very hot and clean flame of 
hydrogen gas and compressed air, used for mak¬ 
ing burned connections. 

Hydrogen generator. An apparatus for generat¬ 
ing hydrogen gas for lead burning. 

Hydrometer. An instrument, for finding the 
specific gravity of the electrolyte. 

Hydrometer syringe. A glass barrel enclosing 
a hydrometer and provided with a rubber bulb, 
for drawing up electrolyte. 

Jar. The hard rubber container, holding the 
element and electrolyte. * 

Dead burning. Making a joint, by melting to¬ 
gether the metal of the parts to be joined. 

Lug. The extension from the top frame of each 
plate connecting the plate to the strap. 

Maximum gravity. The highest specific gravity 
which the electrolyte will reach by continued 
charging; indicating that no acid remains in the 
plates. 

Oil of vitriol. Commercial name for concen¬ 
trated sulphuric acid (1.885 specific gravity). 
This is never used in a battery and would quickly 
ruin it. . 

Plates. Metallic grids, supporting active mate¬ 
rial. They are alternately positive (brown) and 
negative (gray). 

Polarity. Electrical conditions, The positive 
terminal of a cell or battery, or the positive wire 
of a circuit, is said to have positive polarity; the' 
negative; negative polarity. 

Post. The portion of the strap extending 
through the cell cover, by means of which con¬ 
nection is made to the adjoining cell, or to the 
car circuit. 

Bectifier. Apparatus for converting alternat¬ 
ing current, into direct current. 

Resistance. Material (usually lamps or wire) 
of low conductivity, inserted in a circuit to retard 
the flow of current. By varying the resistance, 
the amount of current can be regulated. 

Rubber sheets. Thin, perforated hard rubber 
sheets, used in combination with the wood separa¬ 
tors in some types of batteries. They are placed 
between the grooved side of the wood separators, 
and the positive plate. 

Sealing compound. The aoid proof compound, 
used to seal the cover to the jar. 

Sealing nut. The notched round nut, which 
screws on the post and clamps the oell cover. 

Sediment. Active material whioh gradually 
falls from the plates, and accumulates in the space 
below the plates, provided for that purpose. 

Separators. Sheets of grooved wood, specially 
treated, inserted between the positive and nega¬ 
tive plates to keep them out of contaot. 

Short circuit. A metallic connection between 
the positive and negative plates within a cell. 
The plates may be in actual contact or material 
may lodge and bridge across. If the separators 
are in good condition, a short circuit is unlikely 
to occur. 

Spacers. Wood strips, used in some types to 
separate the cells in the case, and divided to 
provide a space for the tie bolts. 

Specific gravity. The density of the electrolyte 
compared to water as a standard, (see page 585 
for sp. gr. of water). Often abbreviated as ‘‘grav¬ 
ity" or “sp. gr." or “ 8 . G." 

Starvation. The result of giving insufficient 
charge, in relation to the amount of discharge, 
resulting in poor service and injury to battery. 

Strap. The leaden casting to which the plates 
of a group are joined. 

Sulphated. The condition of plates having an 
abnormal amount of lead sulphate,. caused by 
“starvation" or by allowing battery to remain 
discharged. 

Tie bolts. Bolts which, in some types, extend 
through the battery case between the cells, and 
clamp the jars in position. 

Top nut. The hexagon nut which, in batteries 
with bolted connections, screws on the post, and 
holds the connectors and sealing nut in place. 
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Fig. 1.—Sectional Yiew showing location of the 
parts of a starting and lighting storage battery. 


The construction of a storage battery is ex* 
plained in the text following. In this chart the 
parts of a storage battery are illustrated, also 
the two types of plates, the pasted plate, called 
Faure type, fig. 2, and the Plante type, fig. 4. 
The Faure type is the plate generally used. 

There are more negative plates than positive 
plates, for instance, one type of a starting and 
lighting battery would have to each cell, 15 
plates; 7 positive and -8 negative. The size of 
the plates determine the amperage output of 
battery. 

♦The voltage of a storage battery is deter¬ 
mined by the number of cells, each cell gives, 
on open circuit—from 2.1 to 2.2 volts when 
charged, no matter how many plates or the size 
of the plates. If there are 3 cells to a battery, 
then the voltage would be 6.6 volts. 

On a discharge—a charged battery will give 
2 volts per cell. 

The relative size of the starting and light¬ 
ing battery and the ignition battery is shown 
below. 




Fig. 2.—Positive plate. 
Fanre pasted type. The 

color of the positive plate 
is dark chocolate color. 


Fife. 3.—Negative yhfc 
Fanre panted type. Th 

color of the negative pie 
is gray. Note the piste i» 
"gridded** so it will m* 

the paste. 



Fig. 4.—The Plante type of plate: this 
plate differs from the Fanre or grid type 
as shown in figs. 2 and 8 . On the Fanre 
the lead plates are cast with grids sr 
openings to take the paste. The Plante 
plate is more finely subdivided and has 
a spongy appearance (seldom need), see 
page 445. 
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Witherbee battery BJ* 
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erbee Stg. Battery Co- 
1904 Broadway, K. »• 






JHART 201—The Storage Battery. Plates; Faure and Plante types. 
Charts 199 sod 200 omitted by error. 

See page 443 “Storage Battery Voltage." 
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INSTRUCTION No. 32. 

THE STORAGE BATTERY: General Description. Size Battery 
to Use. Construction and Action. Electrolyte. Test Bat¬ 
tery. Hydrometer and its Use. When a Battery Needs 
Charging. Testing with a Voltmeter. Care of a Battery. 
Specific Gravity. Freezing Temperatures. Baume Scale. 


General Description. 


Storage batteries are described as being 
devices for storing electrical energy, which 
may be used fo^ various purposes. They do 
not store the current however, but gener¬ 
ate electricity chemically as will be ex¬ 
plained further on. 

Storage batteries are also called "accum¬ 
ulators.” They are also called "second¬ 
ary” batteries. 

The storage battery is used on automobiles 
for starting, ignition, lighting, operating 
the electric horn and various other purposes. 
The storage battery is used for starting 
the gasoline engine, bjr supplying current to 
an electric motor which revolves the crank 
shaft of engine. It is also used to operate 
an electric motor, which, in turn, propels 
an electric vehicle. 

The storage battery used on electric vehi¬ 
cles consists of about 42 cells. The volt¬ 
age of each cell is two volts, therefore 42 
cells would give 84 volts pressure. The sub¬ 
ject of electric vehicles is treated separ¬ 
ately. 


Ignition battery: The ignition storage 
battery is smaller than the lighting bat¬ 
tery. The plates of the lighting battery are 
heavier and there are more of them. The 
average amperage of an ignition battery, 
is 60 ampere hours and voltage is usually 
six. 

Lighting battery: The amperage of a 
lighting battery is from 80 to 100 or more 
ampere-hour capacity, and voltage is usually 
six volts; sometimes 12, 16, 18 or 24. 

There are usually three cells to the igni¬ 
tion and lighting battery, each cell glaring 
two volts. These cells are placed in battery 
boxes, fig. 29, chart 203. 

Starting batteriep are similar in every re¬ 
spect to a lighting battery, except that the 
terminals are much larger in order to 
carry the extra heavy flow of current, as 
will be explained further on. 

The starting batteries are furnished for 
6, 12, 16, 18 and volt systems, although 
the tendency at present favors the 6 and 
12 volt size on the majority of cars. 


Meaning of Amperes and Volts. 


The meaning of amperes and volts is ex¬ 
plained on page 207. The standard meas¬ 
ure of the energy put into a battery is in 
terms of ampere-hours. 

The capacity of a battery is measured in 
ampere hours. The volume of current flow 
is measured in amperes. A current of one 
ampere, flowing for one hour, is the unit 
by which capacity is measured, and is 
called ampere-hour. 

Ampere is the unit of quantity, like a 
"gallon” of water. Volt is the unit of 
pressure, like "pounds.” (See pages 207 
and 208. 

The ampere-hours obtainable from a bat¬ 
tery depends upon the amount of current 
consumed by the ignition, starting or light¬ 
ing system and the capacity or quantity of 
electricity the battery is made to deliver. 
Lowering the consumption and increasing 
the capacity of the battery, increases the 
ampere-hour capacity. The capacity of a 
battery is independent of its electrical 


pressure. Thus, a flow of 10 amperes, 
maintained for 8 hours, amounts to 80 am¬ 
pere-hours. 

♦The ampere-hour capacity of a battery 
as stated, is dependent upon the rate of 
discharge. The lower the rate, the greater 
will be the capacity. The same battery that 
has a capacity of 100 ampere-hours, at the 
10 ampere discharge rate per hour, will have 
a capacity in excess of 100 ampere-hours 
if discharged at a lower rate, say of 6 am¬ 
peres per hour. 

An example: A certain battery will 
develop the following ampere-hour capacities 
at the indicated rates: 

60.4 ampere hours at 8 ampere discharge rate 
for 16.8 hours. 

42.6 ampere hours at 6 ampere discharge rate 
for 8.6 hours. 

86. ampere hours at 7% ampere discharge rate 
for 4.8 hours. 

80. ampere hours at 10 ampere discharge rate 
for 8.0 hours. 


Notice—See Instruction 29, page 428, for Removal of Battery when used with a generator on a car. 
*8ee pages 827 and 427. 
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Fig. 1.—This illustration is used, to show the 
It is the type 8-X-155-2 "Exide" make. 

The Buick models: B-24, B-25, B-87, B 64 and 

Names of 

1421- 3 —Wooden box. in which cells are placed. 

2657—Positive plate group (1 group per cell). 
1269—Positive plate group (1 group per cell). 
1420—Wood separator. Placed between + and 

— plates. 

2686—Jar or -cell casing. In which plates are 
placed. 

4483—Large wood spacer. Placed between cells 
and case. 

4482—Small wood spacer. Placed between cells. 
2744—Jar cover. Same as 1244, only larger sise. 
2754—Filling plug gasket. Used to prevent leakage. 
1976—Barrel for jar cover. 

2758—Filling plug. Through which electrolyte is 
put in. 

1858—Inter-cell connector. Joins + of one cell to 

— of another. 

1244—Jar cover. Removed only to take out plates. 
2669—Negative plate group (1 group per coll). 

1279—Negative plate group (1 group per cell). 


parts of a modern starting and lighting battery. 
B-55 cars use the above type and make. 

Parts. 

1419—Complete cell. Three used in 6 volt battery. 
1423—Through bolt. Used to clamp cells in ease. 
1261—Filling plug gasket. Used to prevent leakage. 
1251—Filling plug. Remove to put in electrolyte. 
1290—Alloy washer. For negative terminals. 

1302—Negative terminal nut. To fasten (—) Iced 
wires. 

2887—Alloy sealing nut. Put over terminals to pre¬ 
vent leakage. 

1288—Alloy washer for positive terminals. 

1300—Positive terminal nut. To fasten ( + ) Iced 
wires. 

2895—Gasket for terminals. One used under ad 
sealing nut. 

1298—Sealing nut for negative terminals. 

1296—Sealing nut for positive terminals. 

1294—Gasket for negative terminals. 

1292—Gasket for positive terminals. 

1059—Hold down clip. Used to hold case securely. 
882—Hold down clip, same as above. 


An element consists of a complete set of plates (2657 and 2669) 
burned together on strap, and wood and rubber separators; for a single 
cell. Positive plates (2657), are brown; negative plates (2669) arc 
gray in color. There are 7 positive plates, which fit between the 8 
negative plates, as shown in fig. l above. 

Both the positive and negative plates are attached to what is t amed 
the "positive or negative strap." In this particular battery; as is 
example; there are 7 positive and 8 negative plates. Notice how the 
plates are interposed, or alternately placed, in fig. 20. 

If the battery is a large one and the discharge is heavy, such as fcr 
a starting motor, then these straps, connectors, lugs and terminals, must 
be very large or heavy, in order to carry the quantity of current neocs¬ 
sary to do the work without heating. 

There may be 13 or 15 plates to a lighting battery; 6 positive and 
7 negative, or 7 positive and 8 negative—in fact this varies with differ¬ 
ent manufacturers. 

***• 20 - Fig. 20.—An exaggerated drawing showing three hard rubber cdla 

with three positive and four negative plates in each celL The elements 
are placed in a hard rubber jar and are called "cells." The cells are then placed in a wooden boi, 

the terminals properly connected, and it is then termed a "battery." 

Note, all the positive plates are placed at one end and all of the negative plates are placed at tkc 
other end. The insulators, or separators, are placed between a negative plate and a positive plate. 

The plates are immersed in a solution of sulphuric acid mixed with water, called electrolyte. Keck 
cell delivers but two volts pressure, no matter how large or how small it may be. The quantity or sa- 

perage discharge, however, is governed by the size and number of plates. 

When the lead lugs (N and P) are attached to the lead bar connecting the plate, they are burst oa; 
or melted together by an electric weld. 



JHAKT NO. 202—Assembly of a Modem Storage Battery. 
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♦Storage battery voltage: A three-cell 
battery gives six volts, no matter what the 
size of the cell may be. The length of time 
it will maintain a certain current output, 
depends on the capacity, or electrical size 
of a battery; an ordinary jump spark coil 
requires about one ampere per hour, there¬ 
fore a 60-ampere hour battery would op¬ 
erate for approximately Q0 hours, as the 
discharge rate would be very low. 

If we were to charge such a cell, we would 
find that, regardless of the number of plates, 
the cell wou^d exert on discharge an aver¬ 
age pressure of 2 volts—that is; unless the 
imposed load in amperes was too heavy for 
the size of cell. At the beginning of dis¬ 
charge the pressure would be a little above 
2 volts, and with the progress of discharge 


would gradually fall off to a little below 
2 volts. So would the pressure of com¬ 
pressed air in a tank die down if you were 
to draw off some of the air. 

Since the nominal voltage of a storage 
battery is 2 volts per cell, you can readily 
see that to make a 6 volt battery, we con¬ 
nect 3 cells “in series.” And to make a 
12 volt battery, we connect 6 cells “in 
series,” which means that we join the posi¬ 
tive post strap of one cell to the negative 
post strap of the next cell by means of a 
“link.” This leaves one post in each of 
the two end cells. To these we fasten the 
terminal links of the battery, one positive, 
the other negative, for making bolted con¬ 
nections with the two cables or “lfcads” 
(pronounced “leeds”) through which the 
battery receives and delivers energy. 


How to Determine the Proper Size of Battery. 


The first step in determining the proper 
size of battery for “lighting duty,” is to 
decide upon the voltage of the lamps. Tung¬ 
sten lamps, which consume about one third 
the current required by carbon lamps, should 
invariably be used. Table in chart 205-D 
shows the number of hours the various bat¬ 
teries will burn different lamp candle-powers, 
continuously on one charge. These values 
are calculated for tungsten filament lamps, 
and are not applicable for carbon filament 
lamps. 

The second step is to determine the amount 
of current that the battery will be required 
to deliver. Do this by ascertaining first, 


the number of lamps to be used, the volt¬ 
age of each, and then determine the quan¬ 
tity of current each will take, then add the 
total, which will give the total amperage 
required. 

In some cases not all the lamps will be 
operated at the same time and this should 
be taken into consideration. Allowance 
should also be made for any other current 
consuming devices that may be used. 

Knowing the amount of current that the 
battery will be required to deliver, you can 
select a battery of the proper capacity by 
referring to chart 20 6D. 


How to Determine the Number of Cells and Plates to a Cell, 
by the Number on Battery. 


In the list of the U. 8. L battery for instance, 
the first letter stands for a certain general type 
or construction. For example in type 0-607, the 
letter “0” indicates the use of “0 ,f plates. “0” 
Jars, “0 M covers, etc. The last two figures, sig¬ 
nify the number of plates per cell, and the first 
figure, signifies the number of cells in the bat¬ 
tery. Thus, battery type 0-007 has 6 cells of 
7 pistes each; type A-317 has 8 cells of 17 

E lates each. The enffix; or right hand letter; 
idicates a particular assembly or arangement 
of the jars in the battery box. For example, the 
letter “B” in type 0-607-B indicates that the 6 
lars are assembled side by side in the battery 


Exlde: starting, lighting and ignition batteries: 
Take, for instance, the 3-XO-13-1 battery. The 
first number *‘3” signifies the battery is made 
up of three cells; the letters “XC” signify that 
the plates, separators, jars, covers, etc., which go 
to make up the battery, are of the type known as 
“XO;” the number “13” signifies that there are 
thirteen plates in each cell; the figure ”1” sig¬ 
nifies that the cells are assembled in the wood 
case side to side, this being known as Mo. 1 as¬ 
sembly. When the cells are assembled end to end 
the assembly is known as Mo. 3. The same method 
of designation is followed out in the LX and 
RX batteries, also listed in the table of “Exide” 
batteries. 


Construction. 


Cell assembly: The cells can be assembled 
sidewise, or endwise; as shown in chart 203. 



Fig. 1. A 6 cell, 12 volt battery using 12 
volt lights. 

Fig. 2. A 6 cell, 12 volt battery using 6 volt 
Hghts. Mote the “neutral” link in the center. 


Cells in case: The cells are placed in a 
sturdy wood case fitted with lead coated, 
acid-resisting handles and the whole outfit 
covered with acid proof paint. On all sides 
of each cell, is a packing of sealing com¬ 
pound—a pitch-like substance to support 
the jars evenly and to exclude acid or water, 
which may carelessly be slopped over the 
battery and which would eventually ruin it. 

Cell connections: All cells are connected 
in series, a® shown in figs. 1 and 2. It is 
possible however, to connect the cells so 
that lower voltage lamps can be used on a 
higher voltage battery. This is explained 
above and in chart 206-C. It is important 
to note that in using a battery with a ‘ ‘ neu¬ 
tral” connection the load ought to be di¬ 
vided equally, see chart 205-C. 


♦See page 440. 
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burned joints. The way lead parts 
tautened together, for example; where 
and links are jointed to post straps 
fig. 17 and 6, chart 203) is by * ‘lead 
^ing. * ’ A hydrogen gas flame is played 
ca each junction and fuses the parts into 
solidly united piece (see also chart 
. -* 1 ). 

Cells. 

- jar with parts installed, is called a cell. 
7 plate cell includes 4 negative and 3 
itive plates; a 9 plate cell has 5 nega- 
SB and 4 positive and so on. 

•arts of a cell: Jar itself, see flg. 1, 
irt 203, is made of hard rubber with 
dgea at the bottom. The element or 
.tes rest on these bridges. If some of 
5 paste falls from the plates, which is 
,*med sediment, it will not short circuit 
plates, that is, connect from one to the 
ler, unless the sediment is allowed to ac- 
xxmlate to such an extent that it touches 
ie plates. 

Vine other parts of a cell are the plates, 
itb wood separators, connection links, 
rminal link, nuts, vent caps, cover, etc.— 
e charts 203 and 202. 

There 1 b one group of positive plates and 
*c group of negative plates, to each celL 
be positive group is shown in fig. 16, 
hart 203 and the negative group, fig. 17. 
be two groups are interleaved with sep- 
rators. 

Cell Assembly. 

+Plmtes: There are two kinds of plates; 
be Faure-type and the Plante-type. The 
?aure-type is the pasted type and is the 
>late in general use. The Plante-type, fig. 
I, chart 201 is obsolete. Therefore we rfhall 
leal with the modern type only. 

The plates are different in color, the posi¬ 
tive (lead oxide) being a deep chocolate 
eolor and the negative a gray (pure lead). 

The plates are pasted and formed in 
groups as will be explained. See figs. 6 
and 6, chart 203A for a positive and a 
negative plate of the Exide make. 

Grid: A grid made of a stiff lead alloy 
supports the active material pasted in be¬ 
tween the slots in the form of a series of 
vertical strips, held between the grid bars 
and locked in place by horizontal surface 
ribs, staggered on the opposite sides. Fig. 
8, chart 203A, shows a section through the 
horizontal ribs and makes clear their stag¬ 
gered relation. 

ICaterial: After the grids are east they 
are “pasted” with oxides of lead, made 
into a tpaste of special composition which 
sets in drying like cement. The plates then 
go through an electro-chemical process 
emlled “forming the plates,” which con¬ 
verts the material of the positives into 
brown "peroxide of lead, and that of the 
negatives into gray, spongy lead. Fig. 6 
(chart 203-A) shows the finished positive 
plate and fig. 6 the negative. 

logs: Both the positive and negative 
plates are provided with an extension or 
“lug,” and they are so assembled that all 
the positive lugs come at one side of the 
jar and all the negative lugs at the other, 

‘Oxide of lead is 1 part oxygen and 1 part lead. 

tSee foot note pages 446, 447. 


thus enabling each set to be burned to¬ 
gether with a connecting strap giving one 
positive * and one negative pole. The burn¬ 
ing is done by a hydrogen flame, which melts 
the metal of both lugs and strap, into an 
integral union. 

Group: A set of plates burned to a strap 
is known as a “group” (fig. 7, chart 203A), 
either positive or negative. Figs. 16 and 17 
chart 203, also shows a positive and a nega¬ 
tive group. The two groups are interleaved 
with separators between them and the as¬ 
sembled group, fig. 19, is called the com¬ 
plete element. 

Straps: The straps (flg. 7) are made of 
a hard lead alloy and are provided with 
poBts to which the cell connections are 
made. 

Separators: When the positive and nega¬ 
tive groups are assembled together, the 
adjoining plates are insulated, or kept out 
of contact by means of wood separators 
ribbed side against the positive. The sep¬ 
arators (fig. 8) are made of tough wood 
particularly adapted for the purpose and 
given a special treatment to remove harm¬ 
ful substances. 

E l e m e n t : A positive and a negative 
group together with the separators consti¬ 
tute an ”element” as explained above. 
See flg. 19, chart 203 and fig. 9, chart 203A. 

Electrolyte: The fluid, known as “elec¬ 
trolyte” is dilute sulphuric acid. The ele¬ 
ment is placed in the jar with the electro¬ 
lyte. 

Jar: The cell container is a rubber jar 
of special composition which will withstand 
the vibration of the car and any ordinary 
handling without breakage. The plates rest 
on stiff ribs or bridges in the bottom of the 
jar (fig. 1) allowing space for the gradual 
accumulation of “sediment.” 

Cover: The jar cover and method of seal¬ 
ing and venting is very important. The 
cover on the “Exide” battery is flanged in 
snch a way as to give a more perfect seal 
to the jar than the old flat type of cover 
and each cell is a separate sealed unit. 

Vent: From the illustration (fig. 10, 
chart 203A) of the vent and filling plug, 
it will be seen that they provide both a 
vented stopper (vents F, G, H) and an au¬ 
tomatic device for the prevention of over¬ 
filling and flooding. 

Case: The case in which the cells are 
asembled into a battery is bnilt of hard 
wood, thoroughly coated with acid proof 
paint, see fig. 2. 

Hold-down dips: It is absolutely essen¬ 
tial that the battery be securely held in 
position on the car, and for this purpose 
brackets which fit on the case are used. 
The battery is made fast to the car by 
means of bolts engaging the hold-down 
clips, (see 1069, chart 202). 

Terminals: The positive .terminal is 
marked (+) and can always be determined 
by the dark color. The negative terminal 
is a light gray color and is marked 
thus (—). 

Peroxide of lead it 2 parte oxygen and 1 part lead. 
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Fig. 2,—Starting and lighting binary, 
Kota the heavy connections. (Snide type 

a-xc is). 


Terminal 


Veni C»pi 


C.U Tw 


ElfrCPoljl* 

Space 


Bit I try Bei 


Fig. 1.—A 3-eell battery; shown In 


Fig. G, 

grey or 


Fig, 3,—The lead grid, on which the active mi . . 

ferial is pan ted. Ill uat ration shows only the upper flE- »■ FwBM pli-ta. 
p fcrt brown or dark. 


fij, 7.—Group of Plates with strap 
burned to plates and to connecting lug. 


Strap -* 


Fig, 0,—Two groups, or the negarn? 
and positive pi a tea, are called eJrmwtf 1 
The separators are placed be twee n. 



Fig, 8.—Separators, which 
arc placed between the 
plates. 


Fig. 10,—Sectional view of coyer, pio< is . 
Air lock (A) in position to allow fret *r * f t • 
gas through passages (BB), 


CHART NO. 203-A—Parts of a Modern Lighting and Starting Battery, (E*id* m in 


(Tho Electric Storage Battery Co., Philadelphia, Pa,} 

The reason there is an odd number of plates in a ceil, is due to the fact that there is one more npgatitv 
poailivA negative plate ia placed at each end so that there will be action ©n both sides of all NilW| 
The positive plates are thicker and have more active material. The positive plates also h*vi* i t< 
from the negative and if were placed at the end, it would buckle and bend away from the negative pine— 
16. 17, page 144 for arrangement of plates. 
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Forming the Plates. 


Ids is a subject which concerns the 
Paffacturer, but we will give a brief 
ne of how the plates are formed after 
cabling. Different manufacturers use 
rent processes. 

Vtien the elements are placed in the jar, 
- Immersed in 1300 sp. gr. electrolyte, 
' cure “formed’’ by passing an electrie 
ent (direct only) at a very low rate 
wl long period of time. 


Another method of forming is to leave 
battery stand for 24 hours, then start charg¬ 
ing at 1/18 of the capacity and charge con¬ 
tinuously for 150 hours. 

The plates go through what is called an 
electro chemical process that converts the 
paste on the positive plate into **brown per¬ 
oxide of lead, and the paste on the nega¬ 
tive plate into gray spongy lead. 


Action of a Storage Battery when Charging and Discharging. 


'flien charging a battery the electrieity 
.ot being stored, as thought by some, or 
-the name would imply. The action is 
.ely chemical, and the current given off 
generated by chemical action. 

leaxeral: A storage battery consists of 
or more cells. A cell consists essen- 
ly of positive and negative plates im- 
|sed in an electrolyte. 

Abnplllled meaning of specific gravity: 
e electrolyte of the cell consists of a 
Xture of sulphuric acid and water, 
iter is lighter than acid, therefore a hy- 
ttneter would sink deeper In water, than 
acid. 

The more acid in the water, the less depth 
e hydrometer would sink. This depth 
at the hydrometer sinks, is shown on a 
actuated scale, and is designated “ sp. gr. ’ 9 
simply “80.” (specific gravity). 

The voltage of one cell is about two volts, 
he voltage of a battery (with cells in * * ser- 
s*’) is the number of cells multiplied by 
pro. (see page 440). 

When a cell Is being used, the current is 
roduced by the acid in the electrolyte, 
sing into and combining with the lead 
f the porous part of the plates, called the 
f active material. ’ ’ tin the positive plate, 
he active material is lead peroxide, and in 
he negative it is metallic lead in a spongy 
oral. 


Formation of lead sulphate: When the 
sulphuric acid in the electrolyte combines 
with the lead in the. active material, a com¬ 
pound “lead sulphate,’’ is formed. 

As the discharge progresses, the electro¬ 
lyte becomes weaker, due to the fact that 
the acid goes into the plates, producing the 
electric current and incidentally producing 
the compound of acid and lead, called “lead 
sulphate.’’ This sulphate continues to in¬ 
crease in quantity and bulk, thereby filling 
the pores of the plates. 

Drop in voltage: As the pores of the 
plates become thus filled with the sulphate, 
the free circulation of add into the plates 
is retarded; and since the acid cannot then 
get into the plates fast enough to maintain 
the normal action, the battery becomes less 
active, aB is indicated by the drop in volt¬ 
age or a discharged condition. 

Why a hydrometer is need to tost the electro¬ 
lyte or solution: —The specific gravity of water 
is 1000. If acid is mixed with water it will be¬ 
come heavier. A hydrometer would not sink as 
deep into the heavier solution as it would in a 
thinner or lighter solution. 

When battery is fully charged the specific grav¬ 
ity would be 1285 to 1300 as the acid 1 b out 
of the plates in the solution. When a battery 
becomes discharged the plates absorb the acid 
and the solution becomes thinner, therefore the 
hydrometer would sink as low as 1160 sp. gr., 
or a drop of nearly 160 points, if fully discharged. 

In other words, the acid will bo In the plates 
and the electrolyte will be reduced to almost mere 
water. Hence the necessity of occasionally test¬ 
ing with a hydrometer. 


Charging 

To charge, direct current Is passed 
Brough the cells in a direction opposite 
to that of discharge. This current, passing 
through the cells in the reverse direc- 
ion, will reverse the action which took 
>lace in the cells during discharge. It will 
>e remembered that during discharge, the 
teid of the electrolyte went into and com¬ 
bined with the active material, filling its 
pores with sulphate, and causing the elec¬ 
trolyte to become weaker (merely water). 

Action of current: Reversing the current 
through this sulphate in the plates restores 
the active material to its original condi¬ 
tion and returns the acid to the electrolyte. 

Thus, during charge the electrolyte grad¬ 
ually becomes stronger, as the sulphate in 
the plates decreases, until no more sulphate 


Action. 

remains and all the acid has been returned 
to the electrolyte. It will then be of the 
same strength as before the discharge and 
the same acid will be ready to be used over 
again during the next discharge. 81nco 
there is no loss of acid, none should ever be 
added to the electrolyte. There is, however, 
a loss of water from evaporation. 

Object of charging: The acid absorbed 
by the plates during discharge is, during 
charge, driven from the plates by the charg¬ 
ing current and restored to the electrolyte. 
This is the whole object of charging. 

Gassing: When a battery is fully dis¬ 
charged, it can absorb current at the high¬ 
est rate. As the charge progresses, the 
plates can no longer absorb current at the 
same rate and the excess current goes to 


•If piste is very hard it would be necessary te charge and discharge many times. 

+ *See foot note bottom of page 445. tSeo foot note page 446. 
fTha paste on the grids Is made of red lead and weakened solution of sulphuric acid for the positive 
plate and litharge and weakened solution of sulphuric acid for the negative plate. 
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form gas. In a battery which is charged 
or nearly charged, the plates can absorb 
current without excessive gassing only at a 
low rate and a high charging rate will be 
almost entirely used In forming gas, result¬ 
ing In high temperature and wear on the 
plates. 

In starting and lighting systems, the aim 
is to provide sufficient current under aver¬ 
age running conditions so that the battery 
will not be "starved,” and yet the charge 
will be at a rate which will not cause in¬ 
jurious gassing. 

Normal and abnormal sulphate: The sul- 
phating which takes place during an ordin- 
. ary discharge, is entirely normal. If, how¬ 
ever, charging is insufficient, the sulphate 
increases and becomes hard and the plates 
become lighter in color, lose their porosity 
and are not easily charged; this is the ab¬ 
normal condition usually referred to as 
"sulphated.” This condition is usually 
the result of "starvation” of the battery. 

High rates of discharge: A very general 
misapprehension has existed in the past as 
to the effect on a lead storage battery of 
discharging at very high rates. The fact 
that a starting battery will spin one of 
the big modern engines which a strong 
man can scarcely turn over shows what its 
capabilities are; and the length of time it 
will with proper charging and care continue 
to do this heavy work without giving out 
shows that it is not injured thereby. 

Overdischarge: It is not discharge at any 
rate which injures a battery, but overdis¬ 
charge, or, what in time amounts to the same 
thing, undercharge or 1 * starvation. 9 9 

"Starvation:” If a car is so run that 
the battery gets insufficient charge and is 
"starved,” it cannot be expected to do its 
work properly. 

Overcharge: Persistent overcharging 

not only tends to wash out the positive ac¬ 


tive material, but also acts on the 
grids, giving them a scaly ap] 

Low temperature: Temperature has I 
a marked effect on a battery. Lew| 
perature (temporarily) both le 
ampere hour capacity which emu 
out of the battery and lowers tl&e 
voltage. It is as if the battery were 
by the cold and unable to make the \ 
effort as at normal temperature, 
feet of cold is only temporary, the 
returning to its normal state upon it 
turn to normal temperature evci 
charge. Starting batteries are 
signed with sufficient margin over the < 
ary requirements so that they will 
form their functions under reasoz 
temperature conditions. It is just i 
however, to bear in mind the effect 
weather and to aim to keep the 
unusually well charged in winter 
expose it unnecessarily to low temper 
There is no danger of the electrolyte 
ing in a fully charged cell; but in 
which is over discharged or has haul 
added without subsequent charging 
liable to occur. 

High temperature: High temp 
to be avoided from the standpoint of 
110 degrees Fahrenheit is usually give 
the limiting temperature, and eve 
would be harmful if maintained 

Heating is ordinarily the result of 
ing at too high a current rate. If the 
perature of the electrolyte in a battery i 
found to run excessively high, the 
should be inspected; it may be out of 
justment and be charging the battery 
too high a rate. 

The effects of continued high 
are to distort and buckle the platee, to 
and weaken the wood separators, to 
and sometimes injuriously distort the ja 
and covers. 


Electrolyte. 



£p«cific flimnlff Owi/ti 


Fig. 11—How to read: If a solution of electrolyte of 1.250 
sp. gr. is desired—see 1.250 at bottom—then go straight up to upper 
curved line (parts by volume)—then straight to the left following 
horisontal line—and you have 3 ft parts water to 1 part sulphuric acid. 


Composition: Electrolyte 
as used in all types of bsfc 
teries consists of a air* 
ture of pure sulphuric add 
and distilled or other pad 
water and is the liqsti 
solution used in storafS 
batteries. 

Concentrated snlgfcwfc 
add is a heavy, oily liqsiii 
having a specific gravity rf 
about 1.836. A battery ufl 
not operate if the add w 
too strong and it is then- 
fore diluted with suffidwt 
pure water to bring it to • 
gravity of 1.270 to 1JW 
for a fully charged battery 
Stronger electrolyte this 
this is injurious. ; 

To prepare alecMfH 

from sulphuric acid of LS3S 
specific gravity, mix with 
water in the proportion i»- 


When adding new electrolyte to a repaired or cleaned battery, set* page 470. 
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in fig. 11 for the desired specific 
|vltj, taking the following precautions: 

▲ glased stone vessel or a lead lined tank 
Paid be used. 

|S) Pat the water in the vessel first. 
jC®> Fill the hydrometer syringe with ehemi- 
Jflbr pare snlphnric aeid and add ft to the water 
[bolding the noszle under the surface. Stir the 
BOfcion with a glass rod or clean piece of wood. 

, (4) Rinse the syringe and test the strength of 
• solution. If it is about 20* Baume allow it 
cool, when it will be stronger. 

If not strong enough, add more acid. 
<®> If too strong, add water. 

(7) The pure acid should not be allowed to 
vmain in the syringe. 


Cn&emicaUy pure electrolyte: Both the 
r&ter and the sulphuric acid used in mak- 
ng electrolyte should be chemically pure 
o a. certain standard. This is the same stan- 
lard of purity as is usually sold in drug 
itore8 as "CP” (chemically pure) or by 
the ehemical manufacturers, as ''battery 
aeid.” 

In this connection, the expression ''chemically 
|«rs" acid ia often confused with acid of "full 
■trwngth." Acid may be of full strength (ap¬ 
proximately 1.830 sp. gr.) and at the same time 
chemically pure. If this chemically pure acid of 
full strength be mixed with chemically pure water 
the mixture would atill be chemically pure, but 
not of full strength. On the other hand, if a 
■nail quantity of some impurity be introduced 
Into chemically pure acid, it wonld not materially 
reduce the strength, but wonld make it impure. 

The usual method of determining the 
strength of electrolyte Is by taking Its spe¬ 
cific gravity. The method is possible on ac¬ 
count of the fact that sulphuric acid is 
heavier than water. Therefore the greater 
the proportion of acid contained in the elec¬ 
trolyte, the heavier the solution, or the 
higher its specific gravity. 

Specific Gravity. 

By specific gravity is meant the relative 
weight of any substance compared with 
water as a basis. Pure water, therefore, is 
considered to have a specific gravity of 1, 
usually written 1.000 and spoken of as "ten 
hundred.” One pound of water is approx¬ 
imately one pint. An equal volume of con¬ 
centrated sulphuric acid (oil of vitriol) 
weighs 1.835 pounds. It therefore has a 
specific gravity of 1.835 and is spoken of as 
'' eighteen thirty-five . 19 


Temperature Correction. 

Since electrolyte, like most substances, 
expands when heated, its specific gravity is 
affected by a change in temperature. 

If electrolyte has a certain gravity at a 
temperature of 70 degrees Fahrenheit and 
it be heated, the heat will cause the electro¬ 
lyte to expand, and, although the actual 
strength of the solution will remain the same 
as before heating, yet the expansion will 
mane it to have a lower gravity, of approxi¬ 
mately one point (.001) for each three de¬ 
grees rise in temperature. 

For instance, if electrolyte has a gravity 
of 1.275 at 70 degrees Fahrenheit and the 


temperature be raised to 73 degrees Fah¬ 
renheit, this increase in temperature will 
cause the electrolyte to expand and the 
gravity to drop from 1.275 to 1.274. 

On the other hand, if the temperature has 
been lowered from 70 degrees to 67 degrees, 
this would cause the gravity to rise from 
1.275 to 1.276. 

Since the change of temperature does not 
alter the actual strength of the electrolyte, 
changing its gravity only, the gravity read¬ 
ing should be corrected one point for each 
three degrees change in temperature. 

Electrolyte becomes lighter, or of lower "gra¬ 
vity" ms It gets warmer and vice versa, and this 
rise or fell of "gravity" effected by temperature 
change is independent of the state of charge. 
"Temperature corrections" are unnecessary when 
yon compare the "gravities" of the different 
cells of battery at any one time, since all have 
about the same temperature when in health and 
so are affected alike. Temperature corrections 
are also unnecessary, when yon use the hydrome¬ 
ter, say testing the middle cell, whioh we will call 
the "pilot cell," to secure an approximate index 
of the battery's condition. That is, corrections 
are in general unnecessary, except when there is 
reason for s really critical study of the battery's 
condition, ss when you suspect things are not 
going well with the battery. 

Mote too that the actual proportion of water in 
the electrolyte slightly affects the "gravity" In* 
dependency of the state of charge. That is, the 
more water there is the lower the gravity. There¬ 
fore to derive the greatest benefit from your hy¬ 
drometer readings try to keep the electrolyte sur¬ 
face between a point % inch above the plates 
and the electrolyte level designated for your bat¬ 
tery, either on the name plate or in the instrue- 
tion pamphlet yon receive with the battery. Uso 
the glass tube level-tester (page 455), consist 
ently in conjunction with your hydrometer and 
add water promptly when it is needed. 


Standard temperature: The temperature 
adopted as the standard for a basis of com¬ 
parison of specific gravities of electrolyte Is 
70° F. Thus, when we say that a specific 
gravity of 1.280 indicates full charge and 
1.225 indicates practical discharge for 
starter purposes or 1.150 total discharge, we 
mean that these are the "gravities” when 
the electrolyte has a temperature of 70* F. 

Thermometer its purpose—Suppose you 
test the specific gravity at a time 
when a thermometer inserted in the 
electrolyte shows the latter to be' warmer 
than 70* F. Note the hydrometer reading 
and add one point to the fourth figure for 
every three degrees that the thermometer 
shows the electrolyte to be warmer than 
70* F. This corrects your reading to what 
it would be if the electrolyte temperature 
were 70* F. at that time. If the electro¬ 
lyte is colder than 70* F., one point, should 
be subtracted front the fourth figure for 
every three degrees that the temperature 
of the electrolyte is below 70* F. 

Example A. Temperature of electrolyte is 100* 
F. Hydrometer reading is 1.275. Then 10O*— 
70* = 30° and 30-5-8 = 10 and corrected reading 
is 1.275 plus .010=1.285. 

Example B.. Temperature of electrolyte i» 40* 
Hydrometer reading i« 1.235. Thpn 70*—— 
30° and 30~3- 10 and corrected reading ia 1.236 
minus .010=1.225. 
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rig. is 

Hydrometer 
Reeding 1.160 


—i *rrestmg Condition of a Storage Battery 

with a Hydrometer Syringe. Vv 

H The hydrometer syringe li the test ia«thod 

- for testing the condition of the electrolyte The ) * • 

J « specific gravity (abbreviated as ep. gr. mtuing i ~= 

1 the density) of tbs solution, should be tested in M: . _ 

2 v each cell. This should be done regularly, and £ r 

t tbe best time is when adding water, but the 

■ iiffl reading should be taken before* rather than after 

| idfcr"~ lw adding the water. 

■ If the electrolyte is below the top of the plates, 

1 3 1 / 1*1,00 . ^-1 f4f or bo low that enough cannot be drawn iota the 

\ ‘ \=^r^7 barrel to allow of a proper reading of the by- , 

V- drometer, fill the cblf to the proper level by 
O 1^ 8 | : adding pure water; then do not take a proper 

^*2 reading until the water has been thoroughly 

i i-il ® mixed with the electrolyte by the gmsting at £ 

\ ~—t £ A the end of a recharge. 

: E ^ Manipulation. The hydrometer ia the glasn r-• ' 

:S= tube with a graduated scale reading, ai shewn. p=r— 

f In fig* 1, (also see fig. 8, chart 204 A). The I 3- 

1513; syringe ia a giass tube with a rubber bulb *t t ; - 

the top and a rubber tube for injecting into F^l 

S Uw- the vent opening of cell. Enough electrolyte L§^ 

Wd ia drawn into the glass tube to float the hy- k 

i \ drometer. Fig, 15 illustrates three poeltioas th* rp-‘ 

hydrometer will assume when floating In th* pkl? 

I I electrolyte. 

)=( In using the hydrometer, certain points should Li4' 

he kept In mind. In the drat place, the liquid 
taken up by the hydrometer from one cell* 

I should never be put Into another cell, os thin — 

^ will be likely to cauae some trouble, due to ^ 

Fig. IT Fig. 18 “high acid 11 in one cell, or due to weakened 

Hydrometer Hydrometer electrolyte in another. Alao cate should be 

Beading 1.300 Reading 1,160 taken when using the hydrometer, not to have 

any air bubbles form in the ceil as it is very Lflhj 
difficult to get those out, and as a result, the | : .g Z\ 

__extra electrolyte ia spillod. When heated up r tbe bubbles j" 

— " disappear and the level of the electrolyte sometime* falls j —*~\ 

below the tops of the plates, 

f\\ \7l When all cells are In good order, the gravity will test \'}' 

M b/ V^> about the same (within 26 points) In each cell (Note; \ 

Jr / gravity readings are sometimes expressed in “poioto," lJh 

}\L^ thua the difference between 1.275 and 1,300 ia 25 points.!. I j 

♦Hydrometer Readings. J ■ 

A fully charged battery will be indicated by the hy- f 1 
drometer reading sinking to a level in the electrolyte any- 

where between 1.280 and 1.800. __ u 

A half charged battery* the gravity will be 1.225. Item** 
A discharged battery* the gravity will be 1.150. 

The storage battery will rarely crank an engine if Its ffl 
gravity falls below 1.200* although the lights willbe nearly as srijl 
as with a fully charged battery. When fully charged* its spiv 
gravity should be between 1.280 and 1.800. Aa a rule* wbsa ft# 
charged, th<» specific gravity will be nearer 1.280 then *00, sga 
daily when the battery has been in use for some time. 

One manufacturer -states that when the battery is used for SS* 
ing service the battery is practically exhausted or incapable 
ing with as low as 1.225 gravity test. But for lighting and ipjjjg 
where the amperage rate of discharge is very low, the reading «■» 
be 1.150 when exhausted. See foot note page 451. 

A ran down battery should be given a full charge at ones. 

A voltmeter can also be used to teat the cells while on a eknf>> 
per page 453, or on discharge as explained on pages 416 and 410 
The “Cadmium Test” is used to test which set of plates ink 
fective, when the battery will not hold its charge—see index. 

Thermometer. 

Fig. 12 — A special thermometer for readings, as per text, ps^ 
Pig. i6._An exaggerated illua- 449 ‘ 458 - 

tratlon showing how the pressing On opposite side of the mercury column and parallel to tbe m 
of the rnbber bulb draws electro- perature scale; that is, opposite to the temperature 70 degnti» 

lvte from the a*h md how vhe figure 0, showing that nuo correction of gravity readings is ©•«* 

hydrometer floats in the glass that temperature. 

barrel. The level of the electro- Three degrees below 70 degrees is shown minus 1* indicathf A* 
lyte when registering even with the gravity should be corrected at that temperature by deductisf *> 

tiie figures indicates the specific point. 

pavity. If the electrolyte is Three degrees above 70 degrees is shown plus 1. which indies* 
heavy with acid the hydrometer that gravity at that temperature should be corrected by addisf 
laid “u inth** l*? 1 * a, s wlien the one point to the reading, as shown by the hydrometer. 

447, 440 and 6 451 for use*o?*the The temperature of electrolyte is a very important eonndsnti* 
hydrometer. when using a hydrometer for testing the gravity—hence then** I 

the above thermometer and explaination on pages 440-458. 

*For a comparison of the Baume and specific gravity scale, see fig. 4, chart 204-A. 

**8ee page 447; “Why a Hydrometer ia Used For Testing" and 440; “Thermometer, Its Pnrpott-" i 



Fig. 15.—An exaggerated Illus¬ 
tration showing how the pressing 
of the rnbber bulb draws electro¬ 
lyte from the cell* and how vhe 
hydrometer floats In the glass 
barrel. The level of the electro¬ 
lyte when registering even with 
tiie figures indicates the specific 
gravity. If the electrolyte is 
heavy with aeid the hydrometer 
will not sink as deep as when the 
acid is in the plates. See pages 
447, 440 and 451 for use of the 
hydrometer. 


3KABT NO. 204—The Hydrometer for Testing the (sp. gr.) Specific Gravity of Electroljtt 
to Test The Hydrometer Syringe. The Thermometer. 

**For cadmium testa, soe index, also pages 416 and 410. 
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A Special Thermometer. 

With a special scale on which the amount 
* oorrection is figured out is shown in fig. 
2, chart 204. (Manufactured by the Elec- 
ie Storage Battery Co., Philadelphia.) 

tFreesiiig of Electrolyte. 

The freezing point of electrolyte depends 
pon its specific gravity.. There is little 
mixger of freezing except wif;h a discharged 
attery. 

'Water will freeze at 32° Fahrenheit. Hence, 
t the battery were to be discharged by some 
aeans to the point of where the electrolyte is 
sear the gravity of water, the electrolyte would 
»f course freeze near this point. 

Xn order to avoid freezing of the electrolyte, it 
ihould always be kept in a fully charged condition. 


A fully charged battery will not freeze in tens* 
peratures ordinarily met. Electrolyte will freeze 
as follows: 

Sp. gr. 1.150, battery discharged, 18 degrees 

above sero. 

Sp. gr. 1.160, battery % diaoharged; zero. 

Sp. gr. 1,225, battery % discharged; 88 de¬ 

grees below zero. 

Sp. gr. 1.200, battery 34 discharged; 60 de¬ 

grees below sero. 

Sp. gr. 1,280 to 1.800, battery fully charged; 
100 degrees below sero. 

When a battery is stored away for the whites, 
care should, therefore, be taken that the battery 
is kept in a fullly charged condition. 

If the electrolyte becomes frozen, the expansion 
will sometimes break the Jar, if not, aimply place 
it in a warm place and it will come back to ita 
normal charge. It is best, however, to recharge it 
first and then pour out the old electrolyte and 
put in new electrolyte of specific gravity of 1.800. 


The Hydrometer. 


Tbs specific gravity or density of the elec¬ 
trolyte is measured by an instrument called 
the “hydrometer” —see pages 447, 449. 

This consists of a closed glass tube in the 
form of a short barrel with p longer stem 
of email diameter. Inside of the stem is a 
graduated scale and at the lower end a few 
email shot are placed—see page 450. 

The hydrometer floats upright in the li¬ 
quid and the point on the scale at the snr- 
nee of the liquid show9 the specific gravity, 
usually called “gravity.” 

Method of use: For greater convenience, 
the hydrometer is usually placed inside of 
a larger glass barrel provided with a rub¬ 
ber bulb on top and a suitable nozzle on 
the lower end. This combination is known 
as the “hydrometer syringe” (fig. 15, chart 
204). 

By squeezing the bulb, inserting the noz¬ 
zle into the electrolyte and releasing the 
bulb, electrolyte is drawn up into the glass 
barrel. Sufficient should be drawn up to 
float the hydrometer clear of the rubber 
plug in the bottom. 

To prevent the hydrometer from sticking to the 
side of the barrel, it is necessary that the syringe 
be held in a vertical position. The reading is 
taken at the surface of the electrolyte and when 
there is no compression on the bulb. 

In recording the gravity of the different 
eells, it is customary to begin with the cell 
at the positive end. 

When the readings have been taken, be 
careful to put the electrolyte back into the 
same cell from which It was taken. Failure 
to do this often leads to trouble; that is, 
k electrolyte is often taken out of one cell, 
the gravity noted and the electrolyte put 
back into another cell. The result is that 


the amount of electrolyte taken out of the 
first cell is eventually replaced with water, 
leaving the electrolyte weaker; whereas the 
electrolyte which was taken out and put 
into another cell would make the electrolyte 
of that cell stronger, resulting in irregu¬ 
larity in the different cells. * 

When to take a hydrometer reading: 
Take a hydrometer reading of each cell with 
the hydrometer syringe at least once a week 
and just before adding water. 

If hydrometer readings are taken after adding 
water and before the car la ran. they are of no 
value, us only water or very weax electrolyte will 
be drawn into the syringe. This is due to the 
water being lighter than the electrolyte, and there¬ 
fore remaining on the surface until thoroughly 
mixed by running the car. 

Take hydrometer readings at any time 
that any part of the electric system does 
not work properly, as they may indicate the 
trouble. 

♦Hydrometer Readings. 

This information is given in chart 204 


and as fellows: 

Specific gravity—1.280.fully charged 

Specific gravity—1.260. three-quarters 

Specific gravity—1.226. one-half 

Specific gravity—1.160.. one-quarter ■ 

Specific gravity—1.150. discharged 


An exhausted battery should be removed 
from the car and given a full charge. 

When the gravity will not rise above 1.226 er 
1.250 from generator charge on car—this may be 
due to excessive use of lights, together with slow 
running of the car, which cuts down the charging 
current from the generator, or it may be due to 
trouble in the system—see pages 422, 457. 

The remedy ie to uae lights sparingly, until 
the gravity rises above 1.250. If gravity will 
not rise above 1.250 within a reasonable time, 
look for trouble in the system. 


'Where battery is used for starting motors 1.275 to 1.800 ap. gr. at 70* F.—la the “full charge." 
or top mark for battery specific gravity. A battery with gravity below 1.225 can hardly inject the 
requisite energy into the starter to spin the engine, so that 1.225 is the practical low mark. 

Then 1.280 minus 1.225 = .066, termed 56 points, covering the range between full charge and 
complete discharge. 

Of eourae, a battery with gravity below 1.225 can operate the lights at a lower gravity. Sup¬ 
pose you try a hydrometer diagnosis and find the reading to be 1.255. Then 1.280 minus 1.265 equals 
18% out of the 55 points of full range, from which you know that your battery ia half charged or half 
discharged. 1.260 indicates three quarters charged or one quarter discharged. 

tA. battery’s capacity it considerably leas during sero weather than summer heat—see page 422. 
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Types of Hydrometers. 

Two types of hydrometers are shown in fig. 1 and fig 2- Fig 1 
Urge size garage outfit, whereas No. 2 ii i smaller outfit. 

Fig. 3, shows a B&utne scale on the left and a specific grtr^j 
on the right. The comparison is shown in fig. 4, 

*‘The J “ electrolyte" 1 tester. Fig, 3 gives an arbitrary reading 
out showing the exact scale Of the liquid in degrees, thus likened ft 1 
floating or sinking of an egg in brine to determine its strength, *af 
recommended for small batteries where it is not essential to get 
exact specific gravity. 

The glass balls in the instrument are hollow, snd *r* 
calibrated to float or sink in a certain strength of acid, and as 
in the description, they show by floating or sinking the condition at 3 
acid near enough for all practical purposes and have the further adv 
requiring the least amount of acid to make the test. 

It requires only a table spoonful of acid, and the acid is 
to the cell without removing the instrument from it. 


•Fig. 1—Hydrome¬ 
ter syringe outfit 4 for 

shop use. 


Fig. 9. The 
“ Workrite ’ * 
hydro meter 
outfit 8 e 1 1 s 
for $1.50 in¬ 
cluding hy¬ 
drometer. Hy¬ 
drometer is 
placed in bot¬ 
tle with dis¬ 
tilled water. 
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Fig. S,—Electrolyte tester. 
Fig. 1 shows a Baumc scale 
on the left and a sp. gr. on 
the right—see table below. 


figTI 


Specific 
Ofiritr 
1000 
I 007 
1.014 
1.011 
1.023 
1.033 
1.043 
1.051 
1.051 
1.044 
1.074 
1.001 
1.000 
1.001 
1.10T 
1.115 
1.114 


1.143 
1.151 
1.150 
1.100 
1.170 
1.1SS 
1 . 10 * 
1.200 
1.111 
1.230 
1.230 
1 110 
1.2(1 
1.271 
1.213 
1.205 


Directions for testing battery with as 
truly te tester.' 1 Compress the bulb snd im 
uoazle through the cover of the battery as 
the acid to fill the tube. 

If the add is at its proper strength 30 « C 
degrees Baume or 1,260 to 1.2 SO specific gn 
both balls will remain in the center of tbs 
when the battery is fully charged. 

If both balls float, the add is too strong 
it should be reduced by adding water. 

If both balls sink when the battery Is discharge, 
the battery should be fully charged, and then l 
the white ball does not float, stronger acid shall 
be added. 

Finding Polarity. 

It ia necessary to know the positive ( + ) ^ 
the negative (—) pole of a battery when tfeargac 

To And polarity, or which U negative f—) 
positive pole ( + ) of electric wires or ban erf m 
mlnala several methods can bo used. Best piM s 
fig. 5. Others are shown in A, which is a spool 

-— paper which showi a 

color for negative vd 
different color for pss- 
tive; B, the pouts 3 
skin is off will dm 
green for positive; C 
D and E show scfc* 
methods. 


Or»*lty 
1.3*4 
1.310 
1.330 
1.343 
1.355 
1.34* 
13*1 
1.304 
1.408 
1 411 
1 434 
1 450 
1.4C5 
1.470 
1 405 
1.510 
1.525 


1.541 
1.550 
1.570 
I 03 
1.011 
1.(10 
1.043 
1.450 
1.(55 
1 7*7 
1.755 
1.747 
1.755 
1.70* 
1 513 
1.135 


The storage 
polarity can be toM If 
color of terminals. Fes¬ 
tive ( + ) is a 
color and negative l—) 
light color. 


Thin Ships 
of Le ac 



Solution 

l allenf 


Tig. 5.—To determine the 
polarity of the charging cir¬ 
cuit, if a suitable voltmeter 
it not at hand, dip the ends 
of the two wires into a glass 
of water in which a tea- 
spoonful of salt has been dis¬ 
solved, care being taken to 
keep the wires at lesst an 
inch apart. When current is 
on, fine gas bubbles will be 
given off from the negative wire. 



SEVERAL INDICATED METHODS OF DETEBUIMXG POLARITY 
A thotott the use o/ pole-finding paper, which tenotes polarity by color; B illustrate* the m I 
of a potato to determine polarity; O ie a gloat .tube filled with liquid, which is Sircotormf Ip I 
the action of the current; D ia a breaker filled with acidified water, the negative pel* Ms | 
the moat bubble* around it; E ia a miniature atorage battery, one of tha plate* of which tm~n i 
discolored when tn contact with positive pole I 


GHAUT HO. 204-A—Electrolyte Tester. A Scale Beading in Baume and Specific Guvty 
Polarity Testing: Finding the Positive and Negative Terminal of Electric Wires for Chaigfi$ 
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Xf after the battery has been fully 
charged, the gravity again falls to 1.260 or 
loop, it indicates there is trouble somewhere 
ua the system which must be located and 
corrected, and battery should be charged 
from an outside source, (see also index for 
* * ** cadmium tests .’*) 

The specific gravity readings of all cells 
of a battery should normally rise and fall 
together, as all cells of a battery as used 
vrlth most systems are connected in series so 
that .the charging and discharging current 
'passes through all alike, (see also “cadmium 
'tests” and pages 410, 416.) 

If the hydrometer reading of one cell 
slaould be considerably lower than the read¬ 
ings of the other cells in the battery, and if 
this difference should increase from week 


to week, it is an indication of trouble in 
that cell. 

The trouble may be due to a short circuit 
(page 456), causing the cell to discharge itself,, 
or it may be due to a leaking jar, as a slight leak 
will allow electrolyte to escape, and if not no¬ 
ticed, the addition of water to replace ita loaa 
will lower the gravity. 

A short circuited or leaking cell muat be at¬ 
tended to at once (pagea 478-456). 

Thermometer used in connection with the 
hydrometer is very necessary as the sp. gr. 
readings are indicated at 70° F.; above or 
below this temperature the readings are 
not correct. See “Thermometer, its pur- 
pase,” pages 447, 442, 451. 

See page 457, locating battery troubles 
with a hydrometer, see also page 421 and 
422. 


**To Tell When a Battery Needs Recharging. 


On systems where a storage battery is 
kept charged by a generator run from the 
engine the system is supposed to be auto¬ 
matic and the indications would be a weak 
starting motor, or dim lights. The battery, 
however, in this case ought not be allowed 
to become weak. 

By testing with a hydrometer as per chart 
204 the condition of battery can always be 
ascertained, and it is advisable to test at 
least once a week. 

It will be well therefore before adding dis¬ 
tilled water to the battery, to test the elec¬ 
trolyte with the hydrometer. 

It must be borne in mind that a battery 
used for a starting motor is practically dis¬ 


charged, or so low that it will not properly 
operate the starter, when specific gravity is 
1.225. Whereas when used only for lights 
or ignition, it will supply current down to 
1.150 sp. gr. 

As you charge your battery, the hydro¬ 
meter readings will increase with the state 
or degree of charge. 

As you discharge your battery, the read¬ 
ings will diminish with the degree of dis¬ 
charge. 

Therefore it is advisable to recharge from 
an outside source or run with fewer lights, 
and run more in the day time with lights 
off, when the hydrometer reading is as low 
as 1.225. See chart 204. 


*The Volt Meter for 

A battery should never be discharged 
completely. As stated, when testing with a 
hydrometer 1.160 is the limit for batteries 
used for ignition and lights and 1.225 for 
starting motors. 

A volt meter can also be used to test the 
cells, but bear in mind the test Is not prac¬ 
tical unless it is made when battery is dis¬ 
charging or charging. See page 414, 416, 
410, and note how meter is connected to 
test one or all cells. 

Each cell should never show less than 1.8 
volts per cell or 5.4 volts for a 6 volt bat¬ 
tery (readings taken when battery is dis¬ 
charging or charging). The normal voltage 
of the battery is 2.2 volts per cell when 
doing no work, which is, if the electrolyte 
be 1.250 sp. gr., usually lowered to about 

2.1 volts, due to internal resistance. 

The storage battery unless worked below 
1.8 volts, has a recuperative power of rais¬ 
ing from 1.8 volts to the normal 2.1 or 

2.2 volts within a few minutes after the 
discharge current has been discontinued. 
This act has often led many users astray 
as to their opinion of the condition of their 
cells. 


Testing Battery. 

For instance, suppose one to be out with 
his car, and the spark is not sufficiently 
strong to give satisfactory ignition of the 
gases; he stops to locate the defect. Us¬ 
ually the first thought is, are the batteries 
right f The voltmeter is taken and put to 
the cells and because they read 2.0 to 2.1 
they are deemed all good. 

Whereas, if the reading had been taken 
while battery was discharging, the volt me¬ 
ter would probably have read 1.8 volt or 
perhaps less per cell. In this way it often 
occurs, that much time has been lost in go¬ 
ing over the car looking for the defeet, 
while all the time it has been the batteries 
which have innocently showed 2.0 volts, be¬ 
cause they were standing idle. 

The voltmeter can also be used to deter¬ 
mine the positive and negative pole of bat¬ 
tery. Touch voltmeter terminals instan¬ 
taneously across the circuit. If needle runs 
upward in the normal direction on the scale, 
voltmeter is properly connected and the 
wire which touches the positive meter ter¬ 
minal is thus identified-as positive. If the 
connections were reversed, the needle would 
kick off the scale, indicating that the posi¬ 
tive terminal of the voltmeter should be 
connected to the other wire. Note—never 


*Note—Many repair shops have volt meters per pages 414, 416, 410. When a charged battery 
is discharging it will give say about 2 volts per cell until 50% of its capacity is used, then gradually 

drop to 1.8 volt per cell. Therefore a meter reading in one-tenth part of a volt will give accurate 

test if battery is on discharge, telling the condition between the 2 volt drop and 1.8 drop in fractions 
of a volt. See pages 416, 410, also index for “Oadmium Tests.” 

**Also see pages 410, 416, 414, 421 and 422. 
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connect an ammeter to the terminals of a and you will avoid a great deal of trouble 
battery, unless a shunt is used. See chart (See chart 204A.) 

1A1 

It may be said that the condition of the 
The specific gravity test with a hydro- specific gravity is the pulse of the cell, and 
meter is the only safe way. Provide your certainly it is the one means of aseertazn- 
self with a hydrometer to enable you to test ing the exact condition of health of the cell 
the gravity of your electrolyte periodically, or battery. 

♦Care of a Storage Battery. 

The care of a battery In service or where The reason why the solution (electrolyte) 


there is a generator on the car to recharge 
it, is summed up in the four following rules, 
which, if observed with reasonable care 
will result in the best service being ob¬ 
tained: 

1— Add nothing but pure water to the 
cells and do it often enough to keep the 
plates covered. 

2— Take frequent hydrometer readings. 

3— Give the battery a special charge when¬ 
ever the hydrometer readings show it to be 
necessary. 

4— Keep the filling plugs and connections 
tight, and the battery dean. 

Adding Water. 

Water must be added often enough to 
keep the plates covered. If the plates are 
exposed for any length of time, they may be 
seriously damaged. • 

The length of time a battery can go with¬ 
out the addition of water will depend upon 
the season of the year, water being required 
more frequently in summer than in winter. 



Fig. 14—Section of cell, showing correct 
level of electrolyte. 


The best plan is to make it an invariable 
rule to remove the filling plugs once each 
week and add water if level of electrolyte 
is below bottom of filling tube. 

Never bring an open flame, such as a 
match or candle, near the battery. 

Always add the water regularly, though 
the battery may seem to work all right 
without it. 

In freezing weather, when necessary to 
add water, always do it just before running 
the engine. 

If temperature ia extremely low, start the en¬ 
gine so that the battery ia charging before adding 
water. 

The reaaon for thia ia that water being lighter 
than electrolyte will remain on the surface and 
will freeie in cold weather. If the engine ia ran, 
however, the gassing, due to the charging current, 
will thoroughly mix the water with the electro¬ 
lyte; alao the motion of the car when running 
wUl have a similar effect. Thoroughly mixed 
electrolyte will not freeie solid, except at very 
low temperatures. 


falls below the top of. the plates, is due to 
evaporation. Water evaporates when bat¬ 
tery is in service, the acid does not, there¬ 
fore it will be necessary to replace the water 
—but don’t add too little and don’t add too 
much. Many a case of apparent leak has 
been blamed to an over indulgence of water. 

You will have to replace evaporation but 
do not add enough water to any cell to 
raise the electrolyte above the indicated 
level. 

Electrolyte level. Note that for each 
battery there is a well defined level, up to, 
or nearly to which, you should endeavor to 
keep the surface of your electrolyte, but 
above which you must never raise the level 
of the solution when you add water to your 
battery. In the U. S. L. type EDO battery 
as an example, the level isr 1 inch above 
plate tops. In the type EL the level is % 
inch. In all other types of U. 8. L bat¬ 
teries the electrolyte level is % inch above 
the plates. 

Not only should the electrolyte level be 
at the same height in all cells, but there 
should be the fame amount of add in the 
electrolyte in each cell. Therefore always 
restore the electrolyte from syringe when 
testing, back into cell from which it was 
taken. 

Each time water is added to the cells, 
first take a hydrometer reading of each cell 
to see whether all cells are equally healthy. 
No cell can live unto itself—if it goes 
wrong it affects the others. 

How to add water: Remove filling pings 
by turning to the left, and if level of elee- 
trolyte is found to be below bottom of filling 



tube (fig. 1, chart 203A), add water by 
means of the hydrometer syringe or a very 
small pitcher until the level begins to rise 
in the tube. 


*Also see pngea 421. 422, 416, 410. 
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After adding water be sure to replace 
filling plugs and tighten by turning to the 
right. If filling pings are not tightened, 
the electrolyte will flood out of the battery 
and cause damage. Also wipe off the top 
of battery. 

Kind of water: The water 
j w 3 ! I used must be of reasonable 

III 1 \ purity, as the use of impure 

Lj l—XX water, if persisted in, will in- 
iM jure the plates. Distilled water, 

melted artificial ice, or rain 
water collected in clean re¬ 
ceptacles is recommended. 

Water collected in rain bar¬ 
rels from metal roofs, would 
contain a trace of the mineral 
—therefore avoid same. 

Nothing but pure water must 
be put into the cells. If add 
of any kind, alcohol, or in 
fact anything but water, is 
added to the cells, it will result in very 
serious injury to the plates and may ruin 
them. 

There being no loss of acid, it is never 
necessary during normal service, to add 
any acid to a battery. 

If electrolyte has been spilled from the 
battery by accident, the loss may be re¬ 
placed with electrolyte, see page 473. 

Finding Level of Electrolyte. 

Unscrew the vent from its well, push a 
glass tube with both ends open, straight 
down, as shown above, through the' 


well and against 
the tops of the 
plates. Then close 
top end of tube 
with your thumb 
and remove the 
tube with the top 
end still closed. 
The height of liq¬ 
uid in the tube 
equals the height 
of the electrolyte 
level above the tops of the plates. Be sure 
to restore the electrolyte to the cell from 
which it was taken. If you persistently 
take electrolyte from one cell and put it 
into another you will gradually get your 
cells unbalanced. Be sure to test levels in 
all cells. < 

Take frequent hydrometer readings, for 
they show whether the battery is receiving 
sufficient charge. 

Whan the battery it used in connection with a 
char ging generator system, the system is so de¬ 
signed and -adjusted that the amount of charging 
current received by the battery from the ohargmg 
generator (dynamo) should about compensate for 
the discharge current used when starting the 
engine or when lighting the lamps from the bat¬ 
tery. At medium or high speeds, the current for 
lamps does not come from the battery, but from* 
the dynamo. 

It sometimes happens, due to unusual condi* 
tions, such as excessive use of lamps, especially 
when car is driven at low speed, that the battery 
will not receive enough charge from the dynamo 
and will become more or less discharged, which 
will be indicated by lowered hydrometer readings 
(pages 421 and 422). 

When battery is used alone (without genera¬ 
tor), the hydrometer readings will likewise indi¬ 
cate the state of discharge of the battery and 
when It is necessary for it to be charged. 


PHstilleM 

Water 



♦Car© of Battery With 
Care of battery case: If water or elec¬ 
trolyte Is spilled upon the battery or in the 
compartment, wipe dry with waste. If elec¬ 
trolyte is present in any quantity, use waste 
moistened with weak ammonia in order to 
neutralize .the acid in the electrolyte. Do 
not allow electrolyte to collect upon the 
woodwork as it will cause deterioration. 

Once a week, when adding water, inspect 
all the battery connections and make sure 
that they are tight and clean. A loose or 
dirty connection may cause trouble when 
least expected. 


a Generator on the Oar. 

Oare of connections: If signs of corrosion 
of any brass or copper parts should appear, 
clean the parts thoroughly with weak am¬ 
monia and apply vaseline. 

Connections throughout the system must 
be examined periodically and kept tight and 
clean. Sometimes a connection even if 
tight, will give trouble, due to foreign mat¬ 
ter such as paint or varnish on the contact 
surfaces. This must be removed with a file 
or sand paper. The connections to the gen¬ 
erator and the grounding connections to the 
frame of the car must not be neglected. 


♦Care of Battery Without a Generator on the Oar. 


If the battery is used alone (without generator) 
to supply current for lights or ignition. It will not 
be necessary to add water except when the bat¬ 
tery is removed from the car for charging. 

Frequent hydrometer readings should be taken, 
however, and when the gravity falls below 1.200, 
the battery should be removed from the car and 
charged. 

Battery Out 

If the battery is not to be used for a consid¬ 
erable period, say the winter months or longer, 
it should be taken where it can be charged once 
every month and the plates kept covered by regu¬ 
larly adding distilled water. If charging is not 
possible, do not attempt to remove the electrolyte, 
but send the battery to the nearest place which 
has facilities for the periodic charge. 

If this cannot be done, add distilled water to 
each cell until solution reaches inside cover, 
then charge to full voltage and store in a dry 
place. Inspect battery, once a month, refill with 
pure distilled water to make up for evaporation 
and give it a refreshing charge at the finish rate. - 

It should be fully recharged before storing; also 


Do not allow the battery to discharge until 
completely exhausted, as shown by gravity fall¬ 
ing to 1.150 or thereabout and by Lamps burn¬ 
ing dimly or voltage falling below 1.8 volts per 
cell. 

Give the battery a charge at least once every 
two months whether the hydrometer readings show 
this to be necessary or not. 

of Service. 

recharged when put into service again. Another 
point, don't forget to disconnect battery wires, if 
left standing for a long period of time, in or¬ 
der to not lose its charge through a slight leak. 

If batteries are to be idle for a continued 
long period—fully charge, then remove electrolyte 
and put in distilled water. 

When battery is put into use again remove 
water, put in 1.300 sp. gr. electrolyte and re¬ 
charge. Just as soon as the electrolyte is put 
into battery under these conditions the plates will 
absorb the acid from the solution and will drop 
ha sp. gr. to as low as 1.100 but Just as soon 
as battery is put on charge and fully charged it 
will rise to 1.300. 


♦See also pages 456, 468 and 422. 
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conneet an ammeter to the terminals of a 
battery, unless a shunt is used. See chart 
191. 

The specific gravity test with a hydro¬ 
meter is the only safe way. Provide your 
self with a hydrometer to enable you to test 
the gravity of your electrolyte periodically, 


and you will avoid a great deal of trouble. 
(See chart 204A.) 

It may be said that the condition of the 
specific gravity is the pulse of the cell, and 
certainly it is the one means of ascertain¬ 
ing the exact condition of health of the cell 
or battery. 


*Oare of a Storage Battery. 


The care of a battery in service or where 
there is a generator on the car to recharge 
it, is summed up in the four following rules, 
which, if observed with reasonable care 
will result in the best service being ob¬ 
tained: 

1— Add nothing but pure water to the 
cells and do it often enough to keep the 
plates covered. 

2— Take frequent hydrometer readings. 

3— Give the battery a special charge when¬ 
ever the hydrometer readings show it to be 
necessary. 

4— Keep the filling plugs and connections 
tight, and the battery dean. 

Adding Water. 

Water must be added often enough to 
keep the plates covered. If the plates are 
exposed for any length of time, they may be 
seriously damaged. ■ 

The length of time a battery can go with¬ 
out the addition of water will depend upon 
the season of the year, water being required 
more frequently in summer than in winter. 



Fig. 14—Section of cell, showing correct 
level of electrolyte. 

The best plan is to make it an invariable 
rule to remove the filling plugs once each 
week and add water if level of electrolyte 
is below bottom of filling tube. 

Never bring an open flame, such as a 
match or candle, near tho battery. 

Always add the water regularly, though 
the battery may seem to work all right 
without it. 

In freezing weather, when necessary to 
add water, always do it just before running 
the engine. 

If temperature ia extremely low, start the en¬ 
gine so that the battery is charging before adding 
water. 

The reason for this is that water being lighter 
than electrolyte will remain on the surface and 
will freeze in cold weather. If the engine is run, 
however, the gassing, due to the charging current, 
will thoroughly mix the water with the electro¬ 
lyte; also the motion of the car when running 
will have a similar effect. Thoroughly mixed 
electrolyte will not freeze solid, except at very 
low temperatures. 


The reason why the solution (electrolyte) 
falls below the top of* the plates, is due to 
evaporation. Water evaporates when bat¬ 
tery is in service, the add does not, there¬ 
fore it will be necessary to replace the water 
—but don’t add too little and don’t add too 
much. Many a case of apparent leak has 
been blamed to an over indulgence of water. 

You will have to replace evaporation but 
do not add enough water to any cell to 
raise the electrolyte above the indicated 
level. 

Electrolyte level. Note that for each 
battery there is a well defined level, up to, 
or nearly to which, you should endeavor to 
keep the surface of your electrolyte, but 
above which you must never raise the level 
of the solution when you add water to your 
battery. In the U. S. L. type EDO battery 
as an example, the level is 1 inch above 
plate tops. In the type EL the level is % 
inch. In all other types of U. S. L. bat¬ 
teries the electrolyte level is % inch above 
the plates. 

Not only should the electrolyte level be 
at the same height in all cells, but there 
should be the fame amount of add In the 
electrolyte in each cell. Therefore always 
restore the electrolyte from syringe when 
testing, back into cell from which it was 
taken. 


Each time water is added to the cells, 
first take a hydrometer reading of each cell 

to see whether all cells are equally healthy. 
No cell can live unto itself—if it goes 
wrong it affects the others. 

How to add water: Remove filling pings 
by turning to the left, and if level of elec¬ 
trolyte is found to be below bottom of filling 



keep WATER ABOVE Plates, 


storage 
battery 

I inspect EVERT week AMO 
MOD WATER IF NECES&wT 


tube (fig. 1, chart 203A), add water by 
means of the hydrometer syringe or a very 
small pitcher until the level begins to rise 
in the tube. 


’Also see pages 421, 422, 416, 410. 
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Overheating caused by overcharging may 
<scur if the regulation goes wrong and per- 
its the generator to deliver excessive cur- 
ent. 



Fig. 4. ▲ buckled plate. 

It would be well occasionally to feel your 
battery, particularly the lead links and 


cover, after a long, hard drive. Should you 
suspect overheating, remove the vents from 
the cells and insert a thermometer, of the 
type made for insertion into liquids, into 
the electrolyte of each cell. The battery 
temperature should never be allowed to ex¬ 
ceed 110° F. Garage men who make a 
practice of charging batteries in their 
plant should enforce this rule rigidly. 

Overheating should be avoided, because It 
expedites evaporation of water from the 
electrolyte, causes deterioration of plates 
and separators, and tends to buckle the 
plates. Overheating of one half the bat¬ 
tery should be guarded against especially 
in “doublp voltage” systems.} 


^Diagnosing Troubles 

If trouble should develop, as shown by the 
engine not cranking properly, lights burn¬ 
ing dimly or “missing” of the engine when 
battery Is used for ignition, look for the 
cause as indicated below. 

(1) Make sure that all fconnections are 
tight and that all contacts are clean. 

(2) Take a hydrometer reading of each 
cell. If battery is found to be exhausted 
(gravity 1.150 or thereabout), give a spe¬ 
cial-charge, outside source. 

(3) If after having been fully charged, 
the battery is soon exhausted again, there 
is trouble somewhere else in the system, 
which should be located and corrected. 

(4) The wiring may have become ground¬ 
ed to the frame of the car, and cause a 
leakage of current which in time may com¬ 
pletely discharge the battery. 

This may be tested for as follows: At 
night or in dark garage, turn on all the 
lamp switches, but remove the bulbs from 
the sockets and disconnect the battery 
ground wire at the ground plate. Then 


Due to the Battery. 

strike the bare end or terminal of the ground 
wire against the ground plate; if sparks are 
noticed, there is a ground in the wiring, 
which should be looked for and removed. 
(See fig. 6, page 413. 

(5) If a broken jar or short circuited cell 
is indicated (gravity considerably lower 
than in other cells), have the battery re¬ 
paired. 

When lamps burn dimly, turn on all the 
lamps and read the voltage with a low read¬ 
ing portable volt meter of each cell or of 
the battery—see pages 416, 410. 

If the voltage per cell is 2 volts or there¬ 
about, the trouble is in the connections. 

If cell voltage is low (1.8 volts or 
lower), the trouble is in the battery. See 
pages 456, 416, 410. 

When lamps bum brightly, but engine will 
not crank, notice when attempting to start 
engine whether lamps become very dim or 
go out; if they do, the trouble is in the bat¬ 
tery. 

If they continue to burn brightly, the 
trouble is in the motor or motor circuit. 


Locating Battery Troubles with a Hydrometer. 


▲ battery is said to be on open circuit when 
no proper circuit through which It could discharge 
Is closed, as with a lighting or starting switch. 
Ability to maintain the specific gravity under 
such conditions, likewise means ability to hold 
the charge. The best way to test the battery in 
this respect is to insure a full charge as with a 
drive in the evening, to test all cells and make a 
note of the readings, and to again test the gra¬ 
vities with the hydrometer the next morning after, 
say 10 hours, have elapsed since charging. If 
all cells maintain the gravity uniformly well, 
under such conditions you may be sure that the 
battery is in excellent health. 

Low gravity In all cells. If your starter oc¬ 
casionally fails to spin your engine, and if you 
confirm your suspicions that the battery lacks 
energy, by testing with hydrometer and finding 
the “gravity" low, say below 1.225 it may be 
that all the battery requires is an extra charge. 
You may have previously discharged your battery 
to so low a state that the normal generator out¬ 
put has not been sufficient to restore it. If 
failure due to low gravity recurs after this extra 
charge, you will know that your generator is 
failing to put enough current into the battery, 
and that the generating function must be tuned 
up. Or it may be that a short-circuit in the 
wiring is dissipating the battery energy. 


Low gravity in one cell. Should you find the 
gravity low in any cell, say 60 points lower than 
in the others, regard that cell with suspicion. 
Hydromete the cells oftener to determine whether 
the difference in gravities of the cells is in¬ 
creasing. If the trouble increases, the cause un¬ 
doubtedly is that a short-circuit is commencing. 
Some one of the following conditions must be 
the cause: separators wearing through, or “mud" 
accumulating in the pottom of the jar until it 
touches the plates, or a piece of metal has fallen 
into the cell and has bridged across the plates. 
Again, water containing certain minerals may 
have been put into the cell and these minerals 
have prevented the cell from holding its charge. 
The remedy is the same, whatever the cause. The 
element must be taken out and the cause re¬ 
moved. New separators should in almost every 
instance, be installed in all cells. 

▲ broken jar is sometimes the cause of per 
sistent low “gravity" in a cell. You can usu¬ 
ally detect a broken Jar from the fact that you 
will have to add water more frequently to its 
cell than to the others, to keep the plates cov¬ 
ered. The electrolyte leaks through the crack in 
the jar and seeps out between the jar walls and 
sealing compound. The greater admixture of 
water to replace the electrolyte lost from such s 
cell, will naturally reduce that cell’s “gravity." 


•Also see pages 421 and 422. fA common trouble is one where connections of wire terminals to 
battery and ground connection to rame of car are not properly made—see page 421. 

^Double voltage system means where there are two different circuits to battery; using different 
voltages—see page 466. 
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We find, however, that 95 per cent of ell easea of witn the ordinary hydrometer, eo that yon csemte 
■opposed leaks, are not leaks at all but are sim- fully diagnose the battery with this instramn* 
ply the result of adding too much water. alone. These are extreme casee and reqmire an 


Snlphatlon and low gravity. If the battery 
has been properly attended to there has been no 
chance for aulphation. But, suppose yon have 
owned a battery for some time and have Just 
acquired virtuous battery habits, so that you can 
vouch for what has been going on in your bat¬ 
tery. And suppose you observe that the gravity 
of a certain cell is persistently low, and that you 
have to add water too frequently to that cell to 
keep its plates covered. Mark that this by no 
means convicts the Jar. You may'hava previously 
been inattentive, or at least partial with the 
water ministration. As a result the tops of that 
cell*s plates may have been left exposed to the 
air for a spell, and so the plate tops may have 
become sulpnated, and the disease has proceeded 
downward so as to affect the plates throughout. 
Then, if this evil had progressed far enough, the 
oell would not respond to charging and the "gra¬ 
vity'* would not rise. The cell would become un¬ 
duly hot during charge and would hasten the 
evaporation of water. 

1.160 or lower. With "gravity" as low as 
this, the battery cannot be depended upon even 
to operate the lights. 

Gravity too low to read. Hydrometer mark¬ 
ings generally run as low as 1.150. Batteries may 
be found with gravities too low to be measured 


expert's attention. Possibly all they req u ire Is a 
thorough charge, but the special conditions of aha 
necessary charge must be observed. Should ten 
be sulphation—and there is likely to be if the 
battery has stood long in a state of low "gra¬ 
vity"— the rate of charge secured in the auto¬ 
mobile would undoubtedly overheat and kncfels 
the plates and so injure both plates and separa¬ 
tors and cause an early finish of the ba tt er's 
career. 

Constantly high "gravity." While we have in¬ 
dicated 1.285 as the proper top mark far fall 
charge, a reading of 1.800 of itaelf need cmuse as 
alarm. However, if a few hydrometer testa, and a 
study of your driving habits show you that yua 
are regularly charging your batter for considera¬ 
ble periods after the "gravity" reaches 1.885. it 
is up to you to do something to abbreviate year 
charging, for your batter » getting more than 
enough, and you are daily shortening ita normal 
life. Have the generator output reduced. And 
to clinch the Improvement have a touring switch 
installed see page 427.) 

Excessive gravity. Gravity above 1.800 la cer¬ 
tainly abnormal and points the accusing finger 
unerringly to the man who "doped" the bettor 
with excess acid. Prompt reduction of the add 
proportion is needed to save the battery's life. 


*A Digest of Battery Troubles; Cause and Bemedy. 


Liquid low In one cell.—Cause; cracked or 
broken Jar.—Remedy; new Jar. 

Electrolyte gravity won't rise.—Cause; sul : 
phqted.—Remedy; see page 461. 

Overheating.—Cause; liquid low or charged too 
rapidly.—Remedy; refill with water and Inspect 
regularly, or alter generator regulation. 

Electrolyte leaking at top/—Cause; solution too 
high.—Remedy; draw out a quantity with syringe. 

Battery constantly low.—Cause; under-charging. 
•^Remedy; examine generator brushes, if o.k. in¬ 
crease charging rate and have battery charged 
from an outside source. 

Buckled plates.—Cause; overheating.—Remedy; 
charge at lower rate—keep liquid in cell—keep 
temperature below 110. deg. 

Battery exhausts quickly while idle.—Cause; 
short circuits.—Remedy; go over wiring and re¬ 
new insulation. 

Frozen battery.—Cause; discharged in cold 
weather.—Remedy; damage may be irreparable—■ 
may try reforming charge for crystallsation. 

Rotting insulators.—Cause; impure water—too 
much acid.—Remedy; use distilled water only or 
melted artificial ice.** 

. Battery won't take charge.—Cause; connectors 
loose—see crystallised plates.—Remedy resolder 
connectors and plate holders. 

Terminals corroded.—Cause; acid leak through 
vents.—Remedy clean with ammonia or washing 
soda. 

Storage Bat 


Jan break rapidly.—Cause; battery not fastened 

down.—Remedy; see that proper cleats and botte 
are fitted. 

Separators punctured.—Cause; -overheating.— 
Remedy; renew separator and keep battery fined. 

Lights rise and fan.—Cause; battery low.— 
Remedy; recharge outaide or by long run at 29 

m.p.h. 

Battery won’t operate after storage. Clanes; 
not maintained during storage.—Remedy should 
have been kept charged—probably cannot be re¬ 
paired owing to disintegration. 

Lamps dim although electrolyte at high lewd.— 
Cause; specific gravity too low.—Remedy; bring 
specific gravity up to 1.275 by oharging—eee that 
generator gives 26 per cent more current thaa 
lamp consumption. 

Electrolyte down to 1.160.—Cause; war ds 
charge.—Remedy; give reforming charge at 8 
amps, until np to maximum density. 

One cell dead.—Cause; insulation destroyed.— 
Remedy; watch overheating and overcharging— 
keep electrolyte np. 

Battery dead from usage.—Cause; using without 
restoring.—Remedy; charge for 24 hr. at rate 
marked on battery or until electrolyte reaches 
1.275. 

Large sediment deposit.—Cause; active material 
dropping.—Remedy; take battery to service sta¬ 
tion at once, as material has become loosened. 

ary Pointers. 


(1) Learn to prepare the electrolyte. Us# a 
large earthen crock or lead vessel with burnt 
seams. One part of chemically pure concentrated 
sulphuric acid, is mixed with several parts of 
water, the proportion of water varying with the 
type of cell, (aee pages 448 and 451.) 

(2) Prepared electrolyte' may be purchased 
if desired—see page 478. 

(8) Always pour the acid into the water, never 
the reverse. 

(4) Use pure water, either distilled or rain 
water. 

(6) Allow the electrolyte to cool before plac¬ 
ing in the cells. The specific gravity should be 
1.200 or 25 decrees Baume. Add distilled water 
if a higher reading is obtained. 


(6) Grids should always be at least Vfc Inch 
below the surface of the solution. 

(7) Woolen clothing is little affected by add 

(8) Ammonia Immediately applied to a splash 
of add on the clothes, neutralises the acid and 
prevents a hole being burnt in the material. 

(9) In case a bit of add splashes Into the 
eye, wash well with warm water and put into the 
eye a drop of olive oil. 

(10) Avoid the use of an open flafise to a 
room where a storage battery is being charged, 
or in which it has been left for some time, as aa 
explosive mixture of air and hydrogen may te 
formed. 

(11) Storage batteries are rated tn ampere- 
hour, this being based on the steady current the 
battery will discharge. A battery that will dis¬ 
charge at five amperes for eight, hours without 


**DlstUled water: Artificial ice is not always made of distilled water. Rain water can be used 
if it does not come from a metal roof or where mineral substances will get into it. Drag stores have 
small distillers which consist of a glass tube in which water is boiled and the steam condensed is to 
distilled water. Filtered water will not do. 

*Also see pages 422-423, 416, 410. 
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llie voltage falling below 1.75 is rated as a 40- 
ampere-hour battery. This does not mean that 
-40 amperes would be the output of the battery 
Iff discharged in one hour. The ampere-hour ca- 
pacity decreases with the increase in current out- 
ptxt. 

(12) The current in charging should be kept 
witJiin the maker’s specified limit. One authority 
asdwises for rapid charging covering a period of 
three hours, 50 per cent, 88 per cent and 16 two- 
gtsirds per cent of the total current for each con- 
aecutive hour. 

<13) The e. m. f. of the charging current at 
stalling the charge, should be about five per cent 
laiffher than the normal e. m. f. of the battery. 
After a few minutes this voltage may be 10 t>r 
15 per cent higher than the normal battery e. n. 
f. However, the battery is kept in the best con¬ 
dition by using a constant charging current and if 
necessary to maintain this, the voltage may be 
waiaed to 25 per cent higher than the normal bat¬ 
tery voltage. 

<14 Be sure the positive pole of the charg¬ 
ing mains is connected to the positive side of the 
battery. 

(15) To determine the polarity hold the two 
wires in a glass of acidulated water or electro¬ 
lyte, keeping them at least % in. apart. Gas 
will collect most at the negative lead. 

(16) A cell is fully charged: (a) If, with a 
constant current, the voltage and speciflo gravity 
do not change in one hour, (b) When the plates 
decidedly increase the quantity of gas given off. 
(c) When the specific gravity measures 1.275, and 
the voltage from 2.5 to 2.7. (d) When the neg¬ 
ative plate assumes a light gray color and the 
positive plate turns a dark brown. 

(17) Never adopt the method of putting a 
vrlre across the positive and negative terminals, to 
see if there is any 4 ’spark/* It is almost a dead 
short-circuit, and if the cell be of a small capacity 
of, say 30 ampere-hour, and the wire No. 16 cop¬ 
per, the current may be anything from 80 to 100 
amperes for a fraction of time, which, when cal¬ 
culated, is a very appreciable amount of the total 
capacity, if only for a second of time duration. 
It is also very detrimental to the oell, assisting 
the disintegration of the plates or active ma¬ 
terial thereon. 

(18) Lead cells should not be discharged below 
1.7 volts. 

(10) Excessive boiling will loosen the active 
material. 

(20) If the cells are hot while charging, re¬ 
duce the charging current. 

(21) If a battery is not in use, give it a 
short charge once a month. 

(22) If white sulphate is formed on the grids. 
It may be reduced by charging at a high rate for 


a few hours and overcharging at a low rate 
two or three days. 

(28) Continued sulphating will buckle the 
plates, as will also too rapid discharging. 

(24) ▲ cell that has been short-circuited, 

should be disconnected from the battery and 
charged and discharged several times separately. 

(26) Makers furnish directions for keeping 
batteries when not In use. One way to do this 
is to charge the battery fully, then siphon the 
electrolyte out of the jars, to be kept until used 
agaln s The plates must then be removed and 
stored. 

(26) Never allow the cells to stand in a dis¬ 
charged condition, as it becomes very difficult to 
ret them properly charged if left standing any 
length of time, unless great care is taken dur¬ 
ing the succeeding charge. 

(27) If the terminals begin to corrode, use 
vaseline. 

(26) Voltage readings should be taken only 
when charging or discharging. 

(29) Bo not let the battery get too warm; its 
temperature should never exceed 100° F. 

(80) Use only distilled water to replace lessee 
from evaporation. Add acid only in special cases. 

(81) Bach time you charge, bring the gravity 
up to maximum, or charge until it has remained 
constant, for at least one hour in every cell. 

(32) frben charging the battery, put in at 
least 20 per cent more current (ampere* hours) 
than is taken out, and at every third charge give 
it a 60 per cent over-charge, at the finish rate for 
the general good of the battery. 

(33) Voltage readings are only approximate 
Gravity readings give correct indications. 

(34) Keep the box containing the battery per¬ 
fectly dry. If any acid is spilled into the box, 
wipe it off carefully with a piece of waste dipped 
in ammonia water. 

(35) When charging at the finish rate or 24- 
hour rate, leave battery on until bubbles begin 
to rise in the electrolyte, then for at least one 
hour longer. 

(36) Never add acid or electrolyte to the 
cells except to replace loss from spilling. 

(37) In cases where the specific gravity will 
not show any rise during or at the end of its 
charge, it indicates a short circuit, and the cell 
has not received its charge. 

(38) In cases where the specific gravity comet 
up to 1.260 at the end of its charge, but fairs 
to a lower figure during a period of idleness oi 
standing for say twenty-four to forty-eight hours, 
this alao indicates a short circuit, or else local 
action (or internal discharge), due to contamin¬ 
ation of the electrolyte by some impurity. 


♦♦Charging a Battery. 

The charge must always be given from tinue the charge until the cells gas freely, 

a “direct" current circuit (never an alter- This will ordinarily take about six hours, 

nating, unless a rectifier is used), and great Then continue the charge for six hours at 

care taken to connect the positive wire to the normal rate (finish), see tables, chart 

the positive terminal of the battery either 206-D. 
directly or through the "resistance which is 

usually necessary; the negative wire must A pottery charge is complete when, with 
then, of course, be connected to the nega* charging current flowing at the finish rate 

tive terminal of the battery. If connected ,. in * h * tables, all cells are gassing 

in the reverse direction, very serious injury (bubbling) freely and evenly and the grav- 

to the battery will result. To test for pol- *^y of all cells have shown no further rise 

arity, see chart 204-A. during one hour. 

Be versed charge: Should a reversal oc- The 24-hour rate is the one used for 
cur, put the battery on charge at the 24- charging through the night, and cells charg- 

hour rate and leave it on for several days. ing this rate may be left on con tin u- 
Do not take it off until its voltage and ously. 
gravity both have reached a maximum, 

with battery at normal temperature, 70 de- If yon have no voltmeter nor hydrometer, 
grees F. it is possible to determine when the battery 

Charging rate. Start the charge at a rate is fully charged by observing when gas bub- 
equal to the normal charging rate (start) bles begin to rise from -the solution while 
or lower, as shown in the tables and con- battery is charging at the 24-hour rate. 


**See also, page 470 for charging a repaired battery. 



See page 474. 
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_ f— ~ ~ —Ft 1 Charging Storage Batteries from a *110 Volt 

F| j jj Direct Current Circuit Using Lamps. 

A storage battery can be charged from a 110, 220 or 500 vsk 
direct current circuit by merely placing lamps into circuit* so cb: 
the current in passing through the lamps must pass through te* 
; battery. The lamp method is not an efficient method. Some «rf the 

' small garages utilize the lamps for lighting the garage—see page 4G&- 

- v ■ i| The amount of current or amperes, depends upon the candle pcve 

or watt capacity of the lamp and the method of connection. 

▲ 32 c. p. 110 volt, carbon filament lamp will pass approx»- 
- ^ ately 1 ampere and is a 100 watt lamp. Watts are found by msmln- 

♦ plying the voltage of the circuit (100 volts used instead of HO. which 

is near enough in this instance) by the ampere capacity, as 1M 
i .volts X 1 amp. = 100 watts. 

A 16 c. p. 110 rolt carbon filament lamp will pass Y* ampere aad 
r J is a 50 watt lamp. 

/ To Charge a Single Battery. 

N / The best rate to charge any battery is at a slow rate for a long time, but in many instances 
17 it would require too long a time. About a 6 ampere rate would be best for small batteries, bet 
if battery is a 90 or 100 ampere-hour “starting and lighting'* battery, we will use say. 10 

amperes, or 10, 32 c. p. 110 volt lamps, per fig. 1 (only 9 lam^s shown). Lamps are connected in “par¬ 

allel," or across the line and battery is connected in "series" with the bank of lamps. 

A high rate will charge the battery quicker but battery heats up quicker, which is injurious to bat¬ 
tery. In fact, in charging any battery the temperature should not be above 110 degrees and if it rises t© 
this point the charge is too heavy and should be cut down. To find the polarity of charging wires and bat¬ 
tery, see page 452. 

zsama Combined Swilohaad Pig. 37. Charging 1 to 11 Batteries. 

tKn Place batteries in "series" per fig. 4 page 4€2_ 

/ _ . 2 _ 4- 8 , ie I Then use the number of lamps per table below. We an 

\t CVS L r J-| Lotcp* Lamps Lamps Lamps [ assuming that charging circuit is a 110 volt direct. 


JLb oirm Combined BVriob aod Pig* 37 . 
¥ PI09 Col-ool. (SO Amp fb»«*) 

— t * 1 »• 1 

=1 Laccpa I Lamps I Lamps I Lamps I 


I Ammeter 
i>/o-e* 


I BoapSwihb I 


Ntaator of 

Ns. af $8 e. p. 110 ▼. Lamp* 

Ns. Lamps for 

Ns. Lap 

BttMri* 

at “■taft"aad tap's. 

"Stall" tats 

"SaSeer'i 

1 

10L— 10a 

31# 

51. 

2 

101^- 9’4a 

31. 

51. 

3 

UL — 9rw 

31. 

3L 

4 

121#— 9ft*a 

41. 

a. 

5 

13b- 9*a 

41# 

61. 

6 

15b— 10=*a 

4b 

i L 

7 

17b—KM-a 

5b 

M. 

8 

19L—10*va 

6b 

9L 

9 

21b— 9Va 

61# 

101. 

10 

251#—10a 

81# 

12b 

11 

301#— 9»i«a 

91, 

151# 

X* designates lunpi in circuit mid a, 

amperes |»a**v 

illf to battrTj 



o , 1 , i . w ... „ . It will be observed, that to charge more than one bat- 

- I <5 A U-D r. Cot-aui (20 Arop.Poses) tery, more lamps are used in order to obtain the same 

Asieal-T—T f fPOS) amperage rate of charge, or nearly the same. This is 

1 ^ -^CooUcLoos.fer Cboroioe Lotteries due to the fact that as each battery is connected in 

* • series with another, the battery voltage is increased 

When charging several batteries, the practice is to charge at 6 amperes 
during the day and 3 amperes at night. This permits watching in day 
and avoids overheating at night. 

Above table is figured for a discharged 90 to 100 ampere-hour 6 rob 
starting and lighting battery (see page 467). If smaller batteries are 
on the line, or if some are partially discharged, then charge at 24 hour 
rate until smaller ones or partially discharged ones are charged, thee 
remove them. 

30 Ampere, Lamp Charging Outfit. 

. ***• 37 outfit has a base of hard wood and No. 12 wire is used. Various charging rates can be had by 
■witching on banks of lamps instead of unscrewing lamps. Note 2, 4, 8 or 16 lamps can be used singly, 
or all together which would make 30 amperes total. Each 32 c. p. 110 volt lamp gives 1 ampere. 

To obtain 20 amperes, switch on the 4 and 16 bank; 10 amperes, switch on the 8 and 2 bash; 5 am¬ 
peres, put 2, 16 c. p. % ampere lamps in 2 bank, which would give 1 amp., and use this with the 4 bank. 

Ammeter indicates quantity of current in amperes, passing to battery. It can be connected in series 
per figs. 37 and 3. An ordinary dash type can be used if rate of charge is not over capacity of meter. 
If in connecting meter, hand points wYong direction, reverse the connections to meter. 

Testing Battery For Charge. 

The battery requires careful watching. A volt-meter or hydrometer or both can be used for testing. 

A volt-meter is connected "across the line" per fig. 8, which is shown testing the entire battery. It is 
best to test each .cell, per A, page 416. 

If volt-meter reads 2.4 to 2.5 volts per cell when charging, decrease number of lamps to 2^ to 3 am¬ 
peres. Oharge for about 5 hours more and if still reads 2.5 volts, charging is complete—see also pages 
458, 459. 

A hydrometer is used most for testing during charge. If on a test the specific gravity (s. g.) shows 
pi 1275 to 1300 and battery "gases" freely, then reduce charge to 2H 
ah-meter U or 3 amperes for say 5 hours more, being sure temperature does not ris» 

Til I over 110 degrees. If s. g. does not change, battery is charged. See 

Fig. 25. 1 r m also I ,a £ e 459 - The 2 ^ amperes can be obtained by using 2—32 c. p. 

1 I lamps and 1—16 c. p. 110 volt lamp. 

B l J§H jI On some old batteries the s. g. may not rise above 1250, then it is s 

V 8 J ! i| matter of using it and recharging again soon. 

Ml * / 1 I Ml A Rheostat 

M <> / b lIPP-i Shown in fig. 25 is a wire resistance, mounted on the back of a slate 

r‘H -i-J base. The resistance is iron wire, German silver or other kind of re- 

tW T sistance wire which can be placed in the circuit, more or less amount. , 

L wlt,w _J by movement of lever. See also page 464 and page 474. I 

CHART NO. 205—Charging Storage Batteries with Direct Current from a Lighting Circuit, uaiBf 
Electric Lamps. A Rheostat. *See page 465 for charging from 220 and 500 volt circuit. 
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XXurryliig a charge; this is not recom- 
aended, but when unavoidable proceed as 

Follows: 

X*ut the battery on double the “start” 
rate given' for your battery in the table 

rates, chart 205-D. 

T-ighHwg batteries can be placed on the 
Mm with batteries capable of taking a 
rate higher than that usually given 
to sparking batteries, and at all times the 
t>&tteriea should be left on until gravity has 
reached its maximum and remained station- 
ary at this maximum for at least an hour. 

Charging Bates. 

Commence the charge at the current rate 
given under “start ” Chart 205-D. Be 
sure that the rate is correct for the particu¬ 
lar type of battery. Continue to charge at 
klse maximum rate until the cells begin to 
gms or bubble freely, at which time the volt¬ 
age will be approximately 2.5 volts per cell 
(T.6 volts for a 6-volt battery). When one 
or both of these conditions are obtained, re¬ 
duce the charging current to the value 
giving under “finish,” chart 205-D by 
unscrewing the proper number of lamps (if 
charging as per chart 205-), and continue 
to charge at this rate until the cells again 
gas freely, and the specific gravity of the 
electrolyte ceases to rise, as indicated by 
successive half-hour readings taken after 
the cells begin to gas. 

▲t the end of charge the voltage will be 


approximately 2.5 volts per cell with the 
current flowing at the minimum rate, but 
on a new battery this voltage will be 
greater, reaching as high as 2.65 volts per 
cell. 

The specific gravity of the electrolyte at 
the end of charge should be at a maximum 
between the value 1.275 and 1.285. Cor¬ 
rect all specific gravity readings for tem¬ 
perature as described under “specific grav- 
ty,” page 449. Make sure that the battery 
is full, but do not overcharge. 

The temperature of the electrolyte should 
not be allowed to exceed 100° Fahrenheit 
during charge. If this temperature is ex¬ 
ceeded, cool the battery by reducing the 
charging current, or by temporarily stopping 
the charge. 

Charging Sulphated Batteries. 

With the sulphated battery, the charging should 
begin at about a two or three-ampere rate and 
should not be allowed to raise beyond five or 
six amperes. A thermometer reading should be 
made every hour and the temperature of the so¬ 
lution should never be much over 100 degrees 
Fahrenheit. Never let it heat mors than 110 de¬ 
pose. When the cells begin to gas and give off 
bubbles, take the battery off of the charger and 
discharge the battery by connecting some lamps 
on it or some resistance across its terminals. Put 
in just enough lamps or resistance to draw a dis¬ 
charge current equal to 1/10 the ampere hour 
capacity; (if 80 ampere hour batteries, discharge 
at an 8-ampere rate) discharge the battery until 
each cell has a voltage of 1.8 to 1.7 volts while 
the battery is discharging. Repeat this process 
from two to three times and the sulphate will be 
well broken down and the battery In good con¬ 
dition. See also page 470. 


Charging Circuit. 


fBeslstance required: If only one battery 
is to be charged from a 110 volt direct cur¬ 
rent circuit, resistance must be used in series 
with the battery to reduce the voltage of the 
circuit to that of the battery. 

The most convient resistances to use are 
110 volt 32 candle power carbon filament 
lamps, connected in parallel with each other, 
and the combination in series with the bat¬ 
tery (chart 205). With this arrangement, 
each lamp will allow one ampere of charging 
enrrent to pass through the battery, so that 
the number of lamps required will depend 
upon the charge rate of the battery (tables, 
chart 295-D). 

For instance, for type XC-16, “Exide,” 
eharge rate 7 amperes, seven lamps will be 
required. 

If 32 candle power lamps are not avail¬ 


able, then double the number of 16 candle 
power lamps will be required as the cur¬ 
rent rating is only % of that of the 32 c. p. 
lamps. 

If tungsten or other high efficiency lamps 
are used, more than twice as many will be 
required than if carbon filament lamps are 
used, owing to the lower current rating of 
the former. 

If the battery is to be charged from a 
220 volt circuit, use two lamps in series in 
place of each of the lamps necessary when 
charging from 110 volts, and twice as many 
lamps, if they are not 220 volt lamps, see 
page 465. 

If only a 500 volt circuit is available, it 
is necessary to use five lamps in series in 
place of each of the lamps used when charg¬ 
ing from 110 volts. (See fig. 15, chart 
205-B). 


♦Charging Equipment for a Shop. 


Install the necessary wiring, etc., so that 
batteries can be easily connected up and 
charged where they stand on the bench. Ap¬ 
ply vaseline freely to battery terminals and 
exposed copper wire. 

Lamp resistance: Thirty ordinary lamp 
sockets are mounted on a board and Wired 
up to snap switches in groups containing 
two, four, eight and sixteen lamps respec¬ 
tively. A suitable main switch, fuse cut¬ 
out, ammeter and terminal block complete 
the outfit. 


Any good electrician will understand this 
layout and can make it up and install it 
quickly and at moderat expense. 

With this equipment from one to twelve 
3 cell batteries can be connected in series 
(the positive terminal of one connected to 
the negative terminal of the next and so 
on ) and charged at one time. 

The lamps which are in series with the 
batteries make it possible to regulate the 
current passing through the battery to the 
proper value. Different combinations of the 


♦Fig. 87, page 460. t8»* page* 474 for explanation of a “rheostat.”—A complete charging plant In¬ 

cluding gasoline engii^u and dynamo—see page 824. 




[ART NO. 205-A—Battery Charging Outfits; the Main Balt Driven Generator. The 0. E. MM* 

P**tor. Information as to where to obtain motor-generator sets, charging pk.%nta etc., will be cappM If 
~yke. Pub., St. Louis, Mo. The St. Louis E. W. Motor-(ienerstor eets are jiving excellent m* a j 
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witches permit current to pass through 
sro, four, six and eight and so on up to all 
hirty lamps and then through the batteries 
m. series with them. 

^Resistance unit: Instead of lamps, resist¬ 
ance units (fig. 11, chart 205-AA) of ap¬ 
proximately 35 ohms * resistance ana 3.3. am- 
^•res capacity each may be used. This 
equipment will occupy less space than the 
Isunps and serve the same purpose. 


ttBheostat:—Instead of either a lamp re¬ 
sistance or unit resistance panel, a rheostat 
can be used, see fig. 25, page 460. 
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Fig. 18. Table showing ohms resistance re¬ 
quired for battery charring—referred to in 
chart 205-AA. 


Rectifiers. 


Alternating current flows alternately in 
opposite directions and is used to a great 
extent for house lighting. Only direct cur¬ 
rent which is constant or a continuous cur¬ 
rent, is suitable for charging storage bat¬ 
teries. 

Alternating current can be rectified so it 
will flow in one and the same direction. It 
can then be used for charging storage bat¬ 
teries and such & device is called a rectifier. 

There are several types of rectifiers as 
follows: 

1— Chemical rectifier, page 466. 

2— Mercury arc rectifier, page 465. 

3— Motor-generator set, page 462. 

4— Synchronous commutator type. 

5— Tungar rectifier, page 465. 

6— Vibrator type, pages 465, 466. 

The synchronous commutator type rectifier is 
merely an alternating current motor with whieh 
a commutator is used to change the alternating 
current to direct current. 

The vibrator type rectifier is divided into two 
classes; one whereby the storage battery being 
charged, determines the polarity of the charge 
and the other whereby a permanent-magnet de¬ 
termines the polarity of the charge, per page 
465, fig. 62. 

With this, and previous mentioned rectifiers it 
is important that positive and negative poles of 
battery he connected to the positive and negative 
of the rectifier. 

On one other type of vibrator rectifier, which is 
similar to fig. 62, page 465, hut minus the perma¬ 
nent-magnet, there is another winding on the elec¬ 
tro-magnet, which is ‘'shunted” across the battery 
terminals and which takes the place of the per¬ 
manent magnet. 

••With this type it does not matter which of the 
terminals connects with tha battery, as the voltage 


from the battery will set up its polarity in the 
electro-magnet. The disadvantage, however, is 
that if battery is almost totally discharged there 
will not be sufficient voltage to excite the electro¬ 
magnet which should determine the polarity of 
the charge. 


Water Rheostat and Chemical Rectifier. 

More or less confusion exists, relative to tho 
dlfferonco between a Rectifier and a Water Rheo¬ 
stat, due to their similarity of construction. 

They are however, vastly different both as to 
action qnd principle. 

One of the most undesirable features of Ree- 
1 tifiers similar to that shown in fig. 28, chart 
205-0, is its internal resistance, whilst in a water 
rheostat, the resistance is Its main feature. 

Whore current is rectified from alternating to 
direct by chemical action, the current flows in one 
direction, and deposit# a coating of aluminum hy¬ 
droxide, which Insulates the aluminum electrode, 
from the liquid. This must be scraped off from 
time to time, to keep down as much resistance ae 
possible. 

The construction and action of a water rheostat 
Is aa follows: Say current is to bo taken from 
000 volt direct current—to peso 8 to 0 amperes; 
use a 5 gallon stone jar and mix 1 part sulphuric 
sold to 8 gallons water. Use 2 lead plates or 
soft metal aa electrodes; the main requisite being 
that they have sufficient area to keep the heating 
effect down as low as possible. OuiTent applied 
at one terminal leaves the plate and passes through 
the water to the other plate. One of these Is 
mode stationary and the other movable and the 
resistance is regulated by changing their relative 
distanoe apart. The farther they are apart the 
greeter the resistance. Daring the motion of the 
rheoetat, the water is decomposed into its natural 
elements,—oxygen and hydrogen,—and the loos 
must be made ap occasionally by the addition of 
more water. 

The prime object of a rheostat (see page 474) 
is to cut down the voltage: of a rectifier, to ehange 
alternating current into direct current. 


To properly repair storage batteries the 
tools and supplies as well os a lead burn¬ 
ing outfit is required, as per chart 205-F. 

fThe usual battery troubles are sulphat- 
ing and buckling of plates, broken . down 
separators and sediment accumulation in 
the bottom of the jar. 

To repair a battery it must first be dis¬ 
assembled.. Before disassembling the de¬ 
fective cell should be located by testing, and 
inasmuch as other cells may be on the verge 
of a break-down it is advisable to disassem¬ 
ble all cells. If other cells are not defec¬ 
tive, they should be washed and new sep¬ 
arators added. 

Disassembling. 

To disassemble: The first step is to re- 


***8torage Battery Repairing. 


move the filling plugs, to give more room to 
work upon the battery terminals. Then 
disconnect the terminals and intercell con¬ 
nectors, the sealing eompound which covers 
the jar is removed first by using a hot putty 
knife. Steam or a flame is also used to 
first soften the compound. 

Next: Remove connectors (fig. 23, chart 
205-E) as follows: take a braee with a % 
inch w3od bit and bore lead conneetor cen¬ 
trally over each post. (Fig. 24.) Then work 
off with a pair of pliers—another method; 
is to play a burning flame on the joint, at 
the same time pulling conneetor with a 
pair of pliers. 

Be careful gas is not coming out of cell 
when handling a flame about it. 

—continued on page 460. 


*8ee page 207 ”ohma" and 200 "resistance." 

••When charging with the rectifier, the natter of connecting the positive of the charging source 

to positive of the battery is Important on all rectifiers except this one. {Can be obtained of Domestic 
Engineering Go., Dayton, Ohio. 

•♦•These directions do not apply to any particular make of battery. We have used the "Kxide" 
in many instances, to show relation of one part to another. 

tWhen to tear down a battery; When one or nil of the cells do not take a charge after being 

on charge for 24 hours—then make a “cadmium test”—see index. ttSee page 474. 
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Parti necessary to construct tills 5 battery, charging outfit: 

1— Double pole single throw switch. 

2— 10 amp. plug cut outs (fuses). 

1—Ammeter, reading 0 to 30 amperes. 

•40 ft. of No. 16 rubber covered flexible wire. 

1—Resistance unit with two taps. 

1—Resistance unit with nine taps. 

Construction — The resistance _ 

units can be had of the General 
Blectric Go. of Schenectady, N. T. 

They are merely coils of wire 
(spiral resistance wire) wound on 
cylindrical tubes over asbestos and 
baked on the cylinder. The tubes 
are encased in porcelain and meas¬ 
ure 22 inches long and 2 inches di. 

Taps—There are two taps from 
each single resistance unit (fig. 

12). Fig. 13 has 11 taps or con¬ 
nections. Each resistance unit in 
this example has 15 ohms capacity 
and is known as the 15E form P. 

These resistance units are inex¬ 
pensive, costing in the neighbor¬ 
hood of one dollar each. 


IID VCLT OlBiCT 


ooubl^pole swat 


SWITCH 0ASE 


Fig. 11.—Resistance charging circuit. 


Charging—Batteries are referred 
to generally—as 3-cell, 6-volt bat¬ 
teries. If a battery has 6 cells it is treated the same as two. 8-cell batteries; 
if it has 9 cells, it is treated the same as three. 3 cell batteries, etc. To 
figure the amount of resistance necessary to charge 1 o 5 batteries, that 
is; 8-eell batteries, on a 110 volt direct current line, note the following; 

Resistance is always referred to as so many “ohms"—if one 8-cell bat¬ 
tery is to be charged at a 3 amperage rate, figure resistance necessary to 
put in aeries with the battery as follows: N X SV = TV. In which 
ft stands for number of cells, SV, stands for single voltage, or the volt¬ 
age of one cell, and TV stands for total voltage. Submitting the letters for 
figures we have—3 cells (N) X 2.1 volts (SV) = 6.8 volts (TV). The 
total voltage of a 8-cell, 6-volt battery at beginning of charge. 

110V — 6.3V 

-= 34.fi ohms = resistance required. 

8 amp. 

Arrived at aa follows; 110 — 6.3 = 103.7 -f- 8 = 84.6. 

If two, 3-cell batteries are to be charged at 3 ampere charge; multiply 
the «.8V in above example by two—for instance: 

110V — 12.6V 

- -- +- = 32.5 ohms = resistance required. 

3 amp.. 

If three, S-cell batteries are to be charged at 3 ampere charge; multiply 
the 6.3V in the first example by 8; if four 3-cell batteries are to be charged 
multiply by 4; etc. 



If the batteries are to be charged at 6 amperes, divide by 5, instead of 
t in the above examples, for instance: 

110V — 6.3V 

- = 20.7 ohma = resistance required. 

5 amp. 

To charge two 3-cell batteries at 5 amperes: 

110V —12.6V 

- = 19.5 ohms resistance required etc. 

5 amp. 

To increase the amperage of charge^ say to 10 amperes per hour; divide 
peres and cut out enough units, to give the required resistance necessary. 


Fig. 14.—Method of cm- 
meeting more than one lot¬ 
tery to charge. Note bat¬ 
teries are connected is m- 
iea—the positive pols «f 
one battery, to negative psb 
of another, etc. 


by 10 instead of 3 or 5 sn 


To operate on a higher voltage than 110 volts, as explained in the example above; say 220 or ftM 
volts—to find resistance necessary, use 220 or 500 instead of 110 volts. 


How to charge—the two resistance units (figs. 12 and 13) in diagram, give 15 ohms each, or a fatal 
of 35 ohms (actual addition shows 30 ohms, but wifi give 35). One of the units (fig. 13), haa 11 taps, m 
that the entire 11 resistance coils (RW) can be thrown into the circuit or only part of them as showi a 
diagram. The resistance unit (fig. 12) ia connected at all times, which is 15 ohms. The other 15 elm 
in fig. 13, can be subdivided as follows: 

By merely connecting the wire from battery (—negative) to A—all resistance (80 ohms—will gm 
85) is in the circuit. When connected with (J) only the resistance in unit (fig. 12) ia in circuit. Thbk 
fig- 18, page 463 will explain how and why the resistance units are added or cut out. 

By following the arrow points, on diagtam, from P wire, over switch from the main wire, the dr 
euit can easily be traced. The Uotted lines represent the connections at different taps on the fig. IS tall 

When connection is at A, this gives the least current, as the entire 30 ohms is in circuit. Whoa at 
F, 22 ft ohms resistance is in the circuit. The ampere current flowing may be read on the ammeter. TW 
actual current will depend upon the number of batteries in series, as per diagram fig. 14. If the carnet 
obtained at A, ia not sufficient, then cutting out resistance by connecting with B. or 0 and so on, web 
giving a greater current than the one preceding; the maximum being given at J. 


As the batteries become charged the rate will become less, but may be increased again to £ 
by proceeding with the next operation of cutting-out resistance. Charge until the specific gratis-, m 
reached a maximum (see page 461), and remained there for five hours. This is the st mdar<i + tcdi'cainf 
completion of charge. The cells should gaa at the same time. If they do not the maximum rm 

not been reached. The important point to watch in charging is not to let the temperat ire of the c*U pi 
above 110°. If it does the charge must be temporarily stopped, until the cell cools down, and then cm 
tinned st a lower rate. But be sure to charge until the specific gravity has remained :it n maximum for 
5 hours. In case one battery becomes charged first it should be taken out of circuit and tfa n- 
maining batteriei charged at 5 or 6 amps, until the charge is completed. _ 

3HART NO. 205AA—Charging Batteries with Resistance Units. A Practical Home-M^'e U*.? 
ing Outfit—from Direct Current Source only. See page 463 for Table Showing th* 0km 

Resistance Required. See also 474 for explanation of resistance. A charging plant suits 
__towns where there are no electric plants and for garages is shown on page 824. _ 
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62 . 



Pig. 6—Mercury arc recti¬ 
fier for 60, 50, 40, 30 or 
25 cycles, 110 volt. 



Charging From 500 Volt Circuit. 

Fig. 16 —To charge a battery from a 500 volt direct current circuit: We will use 
82 c. p. 100 volt lamps. In order to not burn out the lamps, place five in series, as 
A to B. 

The five lamps however, owing to the series connections will not allow but one 
ampere to pass. In order to pass two amperes, another bank of five are placed in a 
parallel or multiple connection as at A1 to Bl. For three amperes, another row from 
A2 to B2. For four amperes, another row A8 to B3. Therefore, four amperes of 
current would pass to battery. If five amperes were desired use five more lamps con¬ 
nected as above. 

Charging From a 220 Volt Circuit. 

As the voltage Increases the amperage decreases. Therefore a 32 c. p. 220 volt lamp 4 
takes but % ampere. The same method as fig. 1 and fig. 37 page 460, can be used, 
but use 220 volt lamps. If 10—220 volt lamps are used, arranged as shown in fig. 1 
and on a 220 volt circuit, only 5 amperes would be obtained. Therefore 20, 220 volt 
32 c. p. lamps would be required for 10 amperes, or 60 for 30 amperes. 

Another plan would be to use 2—16 c. p. 110 volt lamps in"series,” but "paral¬ 
lel** to the circuit per fig. 30 below. This would give 1 ampere for each pair of 
lamps. Therefore 8, 110 volt, 32 c. p. lamps connected per fig. 30 would give 4 amperes. 

Lighting Oarage With The Charging Current. • 

A current economy in charging storage batteries can be effected by utilising the 
current that is ordinarily consumed by the resistance shown in fig. 15, and on page 
460, in lighting the garage at the same time. The banks of lamps can be placed 
separate from where the charging is being done if correct sise wire is used. 

Charging 12 Volt Battery on 6 Volt Circuit. 

Fig. 16—A simplified Illustration showing how to charge a 12-volt battery from a 
6-volt direct cnrrent circuit is shown in illustration. The 8rd and 4th cells are not 
connected, but wirea connect with a single pole switch, which is closed when battery 
is being used for 12-volts. When being charged at 6 volts, the single pole Bwitch 
(A) is opened and switch (B) places the two sets of 3 cells in parallel. 

Rectifiers— see also page 463. 

Fig. 6—The mercury arc rectifier is used considerably for charging electric vehi¬ 
cle batteries. A maximum of 30 amperes is the average. A large glass tube con¬ 
tains mercury in its base. Graphite terminals 1 and 2, are the "anodes.** Ter¬ 
minal 3, is the "cathode" for negative wire, there being only one. G, is the 
transformer. A small electrode 4, connected to one side of the alternating 
current, is used for starting the arc across the mercury. Tilting the tube, causes 
a mercury bridge between the terminals and produces an arc when tube is turned 
>it in a vertical position. When the current alternates, first one, and then the other 

° "anode** (1 and 2), becomes positive, and a continuous flow is towards the mer¬ 

cury "cathode” (3), thence to battery, back to opposite side of supply. 

Figs. 69, 60— The Tungar rectifier consists of a hot argon low pressure gas 
filled bulb B, fig. 60 and fig. 59, with a "cathode" F, (Tungsten filament) and an 

"anode" A, transformer T, for exciting the filament, rheostat R, and the load 

* which is shown as a storage battery. The connections in fig. 60 show the half 
wave rectifier in its simplest form. 

Principle: Assuming an instant when the side C of the alternating-current 
supply is positive, the current follows the direction of the arrows through the load, 
rheostat, bulb, and back to the opposite side of the alternating-current line. A 
certain amount of the alternating current of course, goes hrough the trans¬ 
former T to excite the filament, the amount depending on the capacity of the bulb. 

When the alternating-current supply reverses and the side D becomes 

- positive, the current is prevented from flowing. In other words, the cur- 

*** rent is permitted to flow from the "anode*’ (A) to the "cathode” (F), or 

*S8 against the flow of emitted electrons from the cathode, but it cannot flow 

XT * from the cathode to the anode w.th the flow of electrons. 

Fig. 62—The vibrator type rectifier is divided into two classes; one with 
a transformer which transforms the alternating current from 110 volts to 
10 or 12 volts. The current then passes through an "electro-magnet,*' the 
amount of current to operate the vibrator being regulated by resistance 
* RE, fig. 62, page 465. 

The purpose of the electro-magnet, vibrator and permanent-magnet is as 
follows: If the alternating current flowing through the electro-magnet 
is 120 cycle waves per second, the core (N) of electro-magnet would change 
its polarity each cycle wave. 

[f, however, some means were employed to cut out 60 of the cycle waves, 
and utilize only one-half of the waves, or only every other cycle wave which 
flows in one direction and which would be a direct flow of current, then the 
vibrator would close the circu.t to battery at VS, and charge battery. 

- This is possible, by placing a "permanent magnet" at the end of the elec- 

recti- tro-magnet, as shown in fig. 62, which keeps the electro-magnet core defl- 

30 or nitely N. & S. During the time the 60 cycle waves per second are flowing 

one way or in harmony with the permanent magnet polarity, the vibrator 
"cuts in" the battery, and during the time the 60 cycle waves flow in the 
other direction, the vibrator is not attracted by the core (N), because cur¬ 
rent is flowing in nn opposite direction to that of the polarized magnet core 
and magnetism is not set up. 

C|»— no von ANoraot&if_ -«|d A spring, not shown, is attached to the vibrator which is adjusted 

| to hold vibrator away from the core (N) until current flowing in har- 

—vwwvw- mony with the permanent magnet polarity, both combined, draws the 

. vibrator to core. The resistance (BR) fig. 62, is used to limit the 
J amount of charging current to battery, say 6 amperes. 

/Aj\ Positive and negative w’ires must be connected correctly, but on 

t J m another type of vibrator rectifier, as explained on page 463, this is 

— ^ not necessary. 





CHART NO. 205-B—Lamp Resistance— Continued from page 460. Rectifiers. 
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Fig. 20. A WestinghouBe alter, 
natlag current rectifier. Suitable 

for charging u . storage battery. 

Pig. 21—Another make of rectifier of a similar 
principle, is explained on page 463, 465. The 
current starts in one end alternating and passes 
out of rectifier into battery as direct current. The 
two above rectifiers will charge a single 8 cell bat¬ 
tery at 5 amperes—from 110 volt circuit. 

•When charging with this rectifier, the matter of 
connecting the positive of the charging source to 
the positive of the battery is not so important as 
it is when charging from 110 volt direct current 
through lamp bulb resistance, as the rectifier as 
soon as connected, establishes its own polarity or 
proper direction of current if of the “electro-mag¬ 
net-vibrator type” explained on page 463. 


Battery Connections. 

The explanation of lamp 
grams here shown starts with the *pH 
left hand illustration. 

(1st) A 6-volt 3-cell _ 

which the head lights are 6 volts. 8 wfi 
tail and dash light are connected in aria 

(find) (Jnst below) a lfi-voft, tc4 
battery from which we have connected f 
volt lamps, using a “neutral” «r tkW 
wire connection as shown in illustnttfa 
The battery is charged from a 12-volt f» 
erator. 


{3rd) This 16-volt 8-cell battery is connected in the 

using 8-volt lamps between the third wire. 

<4tkl < Upper right) From the 18-volt, 9-cell battery ws ton 
made three separate circuits of 6 volt each. This ayatem must mow 
sarily have to be "balanced/* that is, equalise the current takes trm 
each group of three cells each, else the charging would aot W 
uniform. This could be balanced better than shown in tho illustrate 
Note the load is not equalized. 

(5th) 24-volt, 12-cell battery divided, two circuits 12-v. each- 

Fig. 9. Note we have 9 cells connected in series, (upper iltastrsM. I 
each cell gives 2 volts, in fact all cells give 2 volts, but the ampsnfi •, 
output varies according to the size and number of platee to each edL 
Suppose in this ins lanes, each cell is an 60 ampere hour eapadtj «d 
In the series connection would have 18 volte and 80 ampen 
output. j 

Fig. 10. If calls were connected' is series parallel, with 3 oaOl * 
series and then parallel or multiple connection as shown, we woaM tin J 

at the terminalthe voltage of 3 cells, or 6 volts and tho ampenft• i 

cells, or 240 ampere-hour capacity. 

Note IS volts x 80-amp. = 1,440 watt hours, and 6-volts x fidO-ie?^ ' 
1.440 watt hours. Showing that the total out-put is the sans * ] 

only di IT arc nee being the rate of OUt-put. 


••Fig. 22—A chemical rectifier—not wary 
but can bo utilised if a bettor system la not a 
able. There is a tendency for liquid in jars lc 
hot and boil if too high a current ia passed threigt 
it, otherwise water not nec< 


Amount of charging currant Is 
by using 16 or 82 c. p. lamps, % 
will pass through a 16 e. p. lamp sal 
amp. through a 82 c. p., therefore ns 
lamps, more amperes flowing. Abe* 
amperes or 4—16 c. p. lamps ts best vfi 
this outfit, which of course would resu 
s long time to charge 100 ampere m 
battery if entirely exhausted. (Motor Aft) 


CHART HO. 205-0—Rectifiers for Charging Single Batteries. Explaining How Storage BatW 
Celia can be Arranged to give Various Voltages. 

••The solution consists of a concentrated solution of common baking soda in pure water. 

*8e»» foot note, page 463. 
















































































































U-S4- 6-VOLT IGNITION BATTERIES 



L-307 

L.-3O0 

lr-311 

L-313 

L-315 

L-319 

L-307 

L-3Q9 

L-311 

L-313 

JL 315 

p L-3G7 

p L-3O0 

TL-311 

?L 313 

FL 315 

FL-319 

K-307 

K-309 

K-311 ' 


I Ampere 5 Ampere* 7HAmperee 


W 

8 1/16 
QU 

mi/ie 
12 
14 H 
« H 

8 1/16 
QU 

10 11/16 
12 
« h 
8 1/16 
9*4 

10 11/16 

12 

14* 

9 1/82 
11*4 
13 11 32 


Starting Finishing 
Rate Rate 


U-S-L STARTING AND LIGHTING BAT FERIES - 



With Tungsten Lamps, one Ampere Is equivalent to 6 Candle Power, or 2 side and 1 Tail light. 

“ “ “ five “ ** “ 30 ** “ “ 2-12 C. P. Head, 2 side and 1 Tail light. 

** 7% “ “ " tt 45 " “ “ 2-18 M “2 side and 1 Tail light. 

ONE AMPERE, with 6 Volt Tungsten lamps is equivalent to 6 Candle Power, or 2 side and 1 Tail light. 

PIVE ** " 44 “ - v .30 .2-12 C. P. Head, 2 side and 1 Tail light. 

SEVEN and ONE-HALF AMPERE with 0 Volt Tungsten lamps is equivalent to 45 C. P., or 2-18 C. P. Head, 2 side and 1 Tail. 
*8ee test stating hoar the catalog numbers Indicate the number of cells and plates. 


00ART NO. 205-D—Charging Bates. Ampere Hour Capacities. This Table Is Applicable, to Oth< 
Batteries. *See page 448. See pages 432 and 433 for current consumption of 
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Fig. 30, Straightening plate ft 



Fig. 31. Inserting separators. 


The top construction shown in Fig. l t chart 20S-A a ^ ; 
mon to all modern types of “Exide" starting and lighting 
teries. ' 

There are three general types, differing in minor detail* 
are clearly set forth in Figs. 19, 22 and 26. j 

Fig. 19 shows the bolted connection type, which al*»7* ***} 
the double flange cover. 

- Pi *- 22 shows the burned connection type with the 4*d** 
flange cover—(DC). 

Fig. 26 shows the burned conection type with the stall* ^ I 

cover—(SO). i 


CHART NO. 205-E—Illustrations Explaining the Burned and Bolted Connectors. Single tf* ^ 
ble Flange Tops of Battery Celia. Straightening Plates. Inserting Separators. 

Exide illustrations are used as examnles. 
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—continued from page 468. 

A^ter the connections are removed, unseal 
’ lieetting a flat-bladed knife (a putty knife 
ill Answer) in a flame, and run it through 
© sealing compound close to the jar wall 
1 tkie way around. This will loosen the 
impound, and the element with the cover 
l it can be lifted out of the jar. 

IT elements are difficult to remove, don’t 
ran too hard—if they do not come—fill cell 
1th boiling water, which will soften the 
rhole cell, and plates will come out readily. 

Taking element apart: After removing 
he cover, lay the element down with the 
l&tes on edge and slightly spreading the 
dates, withdraw the separators one at a 
ime. The positive and negative groups can 
ben be separated and the dismantling is 
complete. 

How To Examine Plates. 

Remove the group and examine plates by 
holding up side down and look down them 
and note if plates are warped or bulged out 
and if they press against separator, or if ac¬ 
tive material has worked between, thereby 
short-circuiting. Also see if separators are 
good. 

If positive plates are not warped and sep¬ 
arators are In good condition, yet battery 
will not hold charge, then the fault must be 
with the negative plates. 

Examine negative plates, and see if the 
filler is bulged out and very porous or spongy 
and if active material has fallen out. At 
first glance you would hardly notice this, 
but examine carefully. If in this condition 
there is no need of putting in new separa¬ 
tors, but put in new negative plates and 
separators, providing positive plates are 
good. 

A battery with negative plates in poor 
condition will take a charge all right, the 
gravity test will be o. k. as will a voltage 
test, and have all the indications of a 
healthy battery, yet will not hold up to 
capacity. See also page 416. 

When putting in new {dates, be sure both 
are fully charged or discharged, or in same 
condition. 

If negative plates are to be used again don't 
let them dry, but place the group in electrolyte 
or water—this will save time in charging after 
reassembling. 

♦How to Remove a Bad Plate. 

Suppose you find that one or several of 
the positive plates are buckled or worn out, 
the best thing to do is to cut out the plate 
at the place where it is lead burned to the 
strap and a new one should be 4 4 lead 
burned” in its place. You will very seldom 
have to replace a negative plate, for they 
generally outlast two positive plates. 

If a post is loose or in bad condition, it is ad¬ 
visable to have an entire new group of plates, 
either positive or negative as the case may be. 

The positive plates should be examined 
particularly for washing out of material 
and buckling (warping). If the material 
has washed out on the surface to a depth 
below the base of the horizontal ribs, a 
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new group should be. substituted. If the 
plates are only slightly buckled, they can 
be replaced as they are, since this generally 
does no harm. If they are badly buckled, a 
new group should be substituted. 

A buckled positive plate can bo nsed again by 
cutting off outside rib about an inch from bottom 
on either end. See page 457, fig. 4 and note 
curve of plate when buckled. This causes a sep¬ 
arator to be cut and shorts the plates. 

**The negative plates are nearly always 
in good condition mechanically, as they are 
not affected by abuse as readily as the posi¬ 
tives. If the positives are buckled, the nega¬ 
tives will be also; but if in a charged con¬ 
dition, can be readily straightened as fol¬ 
lows: 

Place boards of suitable thickness between the 
plates and outside of the group and slowly apply 
a gradual pressure. This is best done in a vise, 
leaving the pile in the vise for some minutes dur¬ 
ing the operation to give the plates a chance to 
straighten without undue strain (fig. 30, chart 
205-E). 

If the battery has been badly abused, 
“starved” or neglected, the negatives may 
have shed material; in this case it is best 
to use a new group. If the negative ma¬ 
terial is very hard and not spongy, it is 
* 4 sulphated, ” and particular care should be 
used that the subsequent charge is carried 
t© maximum gravity. 

The wood separators should be examined 
as to their physical condition—if soft and 
mushy and worn thin at several places— 
by all means change them, in fact, unless a 
battery is comparatively new, it is advisable 
to install new separators, whenever a cell 
is dismantled for repairs, since it is of vital 
importance in a battery to have the sep¬ 
arators in good condition. 

They should be kept In stock wet, prefer¬ 
ably in water acidulated with electrolyte 
and when fitted, should extend about % in. 
over plates. 

Perforated rubber sheets, when used are nearly 
always in condition to put back unless broken in 
handling. It is advisable to carry a small stock 
of these for emergencies. 

The sediment in the bottom of the jars will 
rarely be found to have reached the plates, 
but whenever a cell is taken apart for any 
purpose, it is advisable to wash sediment out. 

Sometimes Impurities get Into the electro¬ 
lyte through carelessness or ignorance, but 
their detection is not practicable except by 
an expert chemist. As a precautionary 
measure, the use of new electrolyte of known 
purity is recommended when repairing. 

Take a hydrometer reading of the old electrolyte 
before discarding, as til is determines the proper 
gravity of the new electrolyte to be used in case 
the old plates are put back. 

When the positive platee are badly disintegrated, 
it is usually a sign of foreign matter in the elec¬ 
trolyte, and in such a case it is safer to discard 
the negatives and separators as well, since they 
may hold some of the impurity and be the means 
of ruining the new positives in a fehort time. 

Battery case: Unless thero have been 
broken jarB or abuse of some sort, the bat¬ 
tery case will usually be found to be in 
good condition. If the case has become acid 
soaked and rotted, a new one should be 


*These directions do not apply to any particular make of battery. We have used the “Exide” in 
many instances, to show relation of one part to another. **See foot note, page 446 and note how 
negative and positive plates are arranged. JSee index for "Cadmium Tests.’* 
ttCarrying gravity of acid too high will also cause negative filler to bulge out. 
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used. When the old case is to be used again, 
it should be soaked in a solution of baking 
•soda and water. This will neutralize any 
acid and prolong the life of the wood. Rinse 
with water and allow to dry thoroughly. Re¬ 
paint the case inside and out with asphaltum 
or other add proof paint. 

Reassembling Battery. 

After the necessary repairs have been 
made, the battery should be reassembled as 
follows: 

Wipe the posts with a piece of waste 
moistened with ammonia, rinse with water 
and dry thoroughly with clean waste. 

Assembling elements: Slip the positive 
and negative groups together without the 
separators and place the cover in position, 
being sure not to omit the soft rubber 
washers under the cover. 

Inserting separators: Place the groups on 
edge (fig. 31, chart 205-E) and insert the 
separators, being sure that the flat side of 
the wood goes against the negative plate. 
(Where rubber sheets are used (types PH 
and ME), place one against the grooved 
side of each wood separator before insert¬ 
ing.) When the separators are all in place 
count them to be sure none are missing, stand 
the element up again and tap the edges of 
the wood separators with a wood block until 
they project equally on each side of the 
plates. 

*How to seal the battery: You are now 
ready to seal up your battery. Heat the 
sealing compound—you dug out—in a small 
bucket and apply a little with a putty knife 
around the places where the cell cover 
touches the cell. Let ,this get hard, then 
put in a small amount at a time, but always 
wait until it has become hard before you 
add more. If you add the sealing compound 
too fast it would run down through the 
crack into the battery. When filled, throw 
the flame on the sealing compound and 
smooth out the rough places. 

Connectors: First see that the posts and 
the eyes of the lead connectors are clean and 
bright. If the disconnecting has been care¬ 
fully done, the posts a id connectors will be 
in good condition and need only washing 
with ammonia, followed (when dry), by 
slight polishing with sand paper or scraping 
with a knife. Place the connectors over the 
posts, lightly tapping them to a firm seat, 
and burn the joint, using a burning outfit 
(chart 206-F), or, if nothing better is avail¬ 
able, a soldering iron.' Do not use any sol¬ 
dering acid or other flux. 

Filling Cells with Electrolyte. 

Fill the cells with new electrolyte until the 
level rises in the filling tubes, and be sure 
to replace and tighten the filling plugs be¬ 
fore starting to charge. 

The specific gravity of electrolyte to use 
will depend upon the condition of the plates. 

If new elements are used, fill with 1.375 
gravity for all types of exide batteries, ex¬ 
cept PH and MH, which take 1.330 gravity. 

*This does not apply to Exide only—in fact 
general. to different batteries as mnch as possible. 


If old plates and new separators are wt 

fill with electrolyte 50 points (.050 sp. p4 
higher than the old electrolyte. Wheii ae 
old separators are put back, use the am 
gravity as the old electrolyte. The electa 
lyte must be of proper purity (pages 441 
449 ). 

If electrolyte of the desired gravity is mi 
at hand, electrolyte of any higher gravity 
can be diluted with pure water. To mi 
electrolyte from strong sulphuric acid, m 
pages 448-449. 

Putting Acid and Separators into a 
Repaired Battery. 

If battery was repaired for a abort circuit, pe 
1,260 acid into the cells that were repaired. Ik 
reason yea put each a high acid in the eeUs a 
because the acid soaks into the new upanten 
It is hard to tell just what gravity of acid to pet 
into the cell. The best is to pat in 1.250 as i 
start charging. The acid in a short time vil 
drop to about 1.100 and then aa the charge gm 
on, it will gradnally rise until it becomes cm 
stant, that is, the acid reading will be. say 1.291 
and at the end of another five hours charging it 
will still be 1.200. This shows that the ceil ■ 
fully charged, but the acid gravity is not higl 
enough. Add a stronger acid until the giaifr y 
shows 1.260. 

If you only repair one cell of a 6-volt bastay, 
the other two cells should be discharged with s 
lamp or two during the time yon are repeiriar 
the cell. If yon would not discharge these tvs 
cells, afterwards when you charge the whole hat 
tery, these two cells would get too much charge 

Why Gravity Sometimes Drops on 
Inserting New Separators. 

When It is necessary to pat In new separate* 
and a new solution. It will sometimes result that 
In charging this battery that the gravity of the 
solution will drop rather than rise. This is das 
to the following causes; the separators will cm 
sume a certain amount of the strength of the 
acid and as the charging process continues the sep¬ 
arators will be absorbing the acid as fast aa it k 
driven from the plates. If the battery was in a dis¬ 
charged state when new separators were pat m. 
then the charging current would drive acid from tbs 
plates faster than coaid be absorbed by the sep¬ 
arators and would raise the gravity of the •* 
lution instead of lowering it, but in most csss* 
you will find. that the solution either drops sr 
stays as it was. Charging does not have mac* 
effect in cases of this kind. 

If the storage battery is in a charged state sad 
a new solution be pat into it, it will also be 
impossible to bring the specific gravity up by 
charging. It will stay as when put in or fal 
off slightly. This is because there la no M 
Rulphnte on the plates for the electrical camel 
to change back into an acid solution. In easa 
of this kind the original solution put in battery 
should show a gravity between 1.275 to 1.300. 

Charging after Repairing. 

Do not start the charge until at least 12 
hours after filling with electrolyte. This if 
to give the cells a chance to cool, and is 
very hot weather a lunger stand may ba 
necessary. 

Charge at about one-half the normal chain 
rate, until the specific gravity and voltay* 
show no rise over a period of 5 hours and afl 
the cells are gassing freely. This will re¬ 
quire at least 60 hours in the case of mew 
elements, while with old plates which are 
badly sulphated or have dried out, considers 
bly more time may be necessary. 

Take occasional temperature readings, sad 
if the temperature reaches 110 degrees F. 
either lower the current rate or interrupt tks 
charge. 

we have varied the directions, so aa to apply h 
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Wb«i the charge la complete, adjust the 
ftctoolyte to the proper level, continuing 
o charge to allow the gassing to thor- 
ghly mix the solution. Take a hydrometer 
ading on each cell and adjust the specific 
avity to the proper point (1.270—1.300). 

Adjusting gravity: If the adjustment 
meesary is slight, this may be accomplished 
y removing some of the solution and add- 
igg water or stronger electrolyte as required. 
If the adjustment necessary is consider- 
Me, it will be found more convenient to 
mpty out the solution and refill with elec- 
rolyte of specific gravity estimated to bring 
t right, allowing for the effect of the old 
olntion held in the cells. A little experience 


will enable the operator to gauge this quite 
accurately. 

After any adjustment, charge for some 
minutes to allow the gassing to thoroughly 
mix the solution before taking hydrometer 
readings. , 

If the temperature la far from normal, 

correct the hydrometer readings by adding 
one point (.001 sp, gr.) for each 3 degrees 
above and subtracting one point for each 3 
degrees below 70 degrees F. (See fig. 12, 
chart 204). 

Always wipe off the top and sides of bat¬ 
tery with weak ammonia after adjusting 
electrolyte. 


'Lead Burning. 


In batteries having burned connections, 
the joints are made by melting the parts to 
be joined and forming a solid weld. The 
process is called “lead burning,” and is 
carried out by * means of illuminating gas 
(with special burner), hydrogen gas or an 
electric arc. 

In absence of such an outfit a fairly good 
job can be done by using a very hot, well 
tinned soldering iron, with pure lead as a 
solder. 

Cleaning surfaces:' In all lead burning, ab¬ 
solutely clean surfaces are essential to good 
workmanship. Lead is soft and very readi¬ 
ly cleaned with a scraper or file. In the 
case of a battery which has had electrolyte 
in it, the surface to be burned should first 
be wiped with ammonia to neutralize the 
acid and then allowed to dry before scrap¬ 
ing. 

fBefore starting to bunv, the connector or 
terminal should first be lightly tapped to a 
snug fit on the post. The top of the post 
should be % inch below the top of the con- 
msctor to allow space for burning. If the 
post is too long, remove the connector and 
trim off the post. 

Method of burning: The top of the post 
should be melted first and then fused to the 
connector, after which lead from a piece of 
burning strip can be run in until the joint 
is flush. 

♦The Illuminating Gas Outfit. 

The outfit consists of a special burning tip 


and mixing valve. Sufficient A inch hose 
should be provided, and the hose wired to 
the apparatus in making connections. The 
comparatively high air pressure renders this 
precaution advisable. 

A supply of compressed air is necessary, 
the proper pressure ranging from 5 to 10 
pounds, depending upon the length of hose 
and the size of parts to be burned. When 
air from a compressor for pumping tires is 
used, a suitable reducing valve must be in¬ 
troduced. 

This outfit is designed for use with, the 
ordinary city gas supply; natural gas cannot 
be used. See chart 205-F. 

The hydrogen gas outfit is illustrated in 
chart 205-F. 

The Arc Burning Outfit. 

The advantage of the so-called “arc” 
burning lies in the fact that a spare six 
volt battery can be used as the source of 
current for the operation, rendering un¬ 
necessary the use of further accessory ap¬ 
paratus, like the hydrogen generator. 

Although called the “arc burning outfit,” 
more satisfactory results can be obtained 
by using the carbon after it becomes heated 
like a soldering iron, without actually draw¬ 
ing an arc. 

Parts: This oufit (fig. 36), as supplied 
by The Electric Storage Battery Go., con¬ 
sists of the following parts: Carbon bol¬ 
der with cable, clamp and hi inch carbon 
rods—see chart 206-F. 


Miscellaneous St©mge Battery Bepalr information. 


•Corrosion of the terminals or other parts 
of the connectors, should be prevented by 
coating them with vaseline or petroleum 
jelly. Sometimes they get so badly cor¬ 
roded that is is almost impossible to un¬ 
screw the terminals, and greasing them in 
this way will prevent recurrences of such 
trouble. 

When overhauling a battery, it Is a good 
plan to put all the connectors, terminals and 
other removable pieces at the top In a 
strong solution of soda and hot water and 
let them stay in it for about an hour, so 
that the solution will have plenty of time 


thoroughly to clean them. Then put on the 
vaseline and no more corrosion should ap¬ 
pear. In the first place, it is usually the re¬ 
sult of overfilling the jars or spilling the 
solution, which in time acts upon the lead 
and brass terminals. 

A Cracked Battery Jar. 

Never attempt to repair a cracked or 
broken battery Jar, as this is impossible. 
When the jars get in this condition they 
must be discarded as useless. 

It is not very much trouble to remove 
any oelfC from a battery because the makers 
have seen to this point. To take apart the 


•A lead burning outfit—using acetylene and oxygon, oxygen and hydrogen, hydrogen and com¬ 
pressed sir or illuminating gas an«l uxvkhi— whichever is the most available and whieh will do light 
welding also—is Mf'g'd by ImpcriMl Hmm» Co.. Chicago. See Instruction 46-0. 

tin order to avoid the possibility of sn explosion of the gaseous mixture when using a flame near 
• battery—place filling plugs in battery and cover entire battery with a wet cloth, pressing it down 
ever rents of cells, ^oxcept that part on which the burning operation is to be performed. 
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Fig. 86 An Electric 
Arc Burning Outfit. 


o Fig. 34.—How to use Illuminating gas far burning. See jq 

A 471: Connect the air hose to eoek A, the gas hose to code B. V 

M leader hose, which should not be more than 5 or 6 feet long, Is m 

nected to the pipe C and to the burning tip at D. 

When the air pressure at the source is properly adjusted, ekml 
air cock (A) and turn the gas cock (B) on full. Light the gas at fi 
tip ^nd then turn on the air. If the flame blows out, the air pr — 
is too high and must be reduced, preferably at the source. 

With the gas turned on full, the flame will have a ragged appeanm 
and show a waist about % inch from the end of the tip, the liaise m 

Fi". 84. Illumin- verging there and spreading out beyond. This flame is not suitable it 
.ttog G« Outfit. burn . n * 

Slowly turn off the gas until *the outer portion at the waist brafc 
and spreads, with an inner tongue of flame issuing through the eat 
ring. The flame will now have a greenish, color, and is properly adtfrttf 
for burning. 

If the gas is turned off further, or too much air is tvmim, 
the flame assumes a blue color gradually becoming invisible, asifc 
then deficient in heating power. 

When properly adjusted, the hottest part of the flame is jtf 
past the end of the inner point. Do not hold the flame too dose* 
the work when burning, as its heating effect is greatly reduced i d 
Fig. 86 An Electric the flame is spread so as to make control difficult. 

L re Burning Outfit. The b urn i n g tip is provided with sleeve and lock ri 

(E). The sleeve is removable and can be taken off in on 
€== any of the holes in the tip become clogged. The position d 
1 p this sleeve is adjustable, the best position varying witk tto 
pressure of the flame, etc. This position should be dot* 
JU-n. ^ mined by experiment. | 

^=5 * 1 Fig. 86.—How to use the electric arc for burning; lb 1 
tVTV'T™? method of using it for reburning connectors is as follows: On | 

terminal of a spare six volt battery is connected by a p>» | 
pTfiS] ^ of cable with the connector to be burned. The cable can to ' 

J L - * 1 -— U -made fast to the latter by means of a clamp and care skosH 

Fig. 85 Hydrogen Oas Outfit. b e used t hat the gur f aee8 are dean and a good contlit * I 

cured. The cable attached to the carbon holder is tksi to 

tached to the spare battery, either at the other terminal or on the connector of the esfl j 

adjoining, depending upon whether the battery is partially discharged or fully cktigto- 
In the latter case, three cells will give too much voltage and make the work difficult lb | 
number of cells used should be sufficient to heat the carbon to at least a bright cherry wi j 
while it is in contact with the joint. The carbon should be sharpened to a long point Bb , 
a lead'pencil and should project not more than 3 inches from the holder. The latter shod* | 
be cooled off occasionally by plunging it, carbon and all, into a pail of water. After bebf 
used for a short time, it will be found that the carbon will not heat properly, due to a fl» I 

of scale formed on the surface. This should be cleaned off with a knife, or file, as occaton I 

requires. , 

As in the case of flame burning, additional lead to make a flush joint should not be & ! 
ed until the metal of the pieces to be joined has melted. The carbon should be w&d . 
around to insure a solid joint at all points. ! 

Fig. 85—The hydrogen gas—While more expensive and troublesome than ills miai&f 
gas, gives a hotter flame and therefore permits of more rapid work. Some garages I 
a large amount of work may still prefer its use, although in most cases the use of ills®* ^ 
ating gas offers more advantages. 

The hydrogen outfit as illustrated in fig. 35, supplied by The Electric 8torage Btotej 
Company, Philadelphia. 


Fig. 85—Hydrogen Oas Outfit. 


CHART HO. 205-F—Battery Repairmen’s Lead Burning Outfits. 

See also pages 696 and 720 for gas torches. 
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nn ectors on a Willard battery, for instance, 
o procedure is to drill a %-in. hole in the 
i<I of the connector, directly over the 
»8t. This hole should be drilled with any 
rm of drill and about two-thirds through 
iQ connector, when the latter will come 
T readily. The connectors have to be 
uraed back on and more lead used to fill 
p the drilled out hole. 

"To remove a cell from an Exlde battery, 

le top nuts and connections must first be 
Baleen off, the nuts unscrewing in the regu- 
&r manner. 

Oellnloid jars can be repaired by making 

cement of celluloid and acetone. Dis¬ 
ol ve the celluloid in acid until it is gummy 
lien clean seams and coat. 

Cracked Compound. 

Sometimes the tar composition material 
ibat Is on top of the cells cracks, and 

irery often these become serious points of 
leakage of the cell solution. The best and 
simplest way to remedy them is to seal 
them together with a hot iron such as an 
old cold chisel or similar tool. Press the 
hot iron on the sides of the crack and 


gradually work them together until the 
hole is sealed over. If more of the tar ma¬ 
terial is needed, a big lump of it can be 
secured from a battery service station. 

To Make a Battery Box Acid Proof. 

Use 6 parts of wood tar and 12 parts 
resin, melt them together in an iron kettle, 
after which stir in eight parts of finely 
powdered brick dust. The surface to be 
covered must be thoroughly cleaned and 
dried before painting with this preparation, 
which should first be warmed. 

Spilled Electrolyte. 

If there is evidence that electrolyte has 
been spilled from the cells, use electrolyte 
of 1.250 specific gravity instead of water to 
make up the loss. 

After adding water, replace and tighten 
filling plugs by turning to the right and give 
the battery a charge at the proper rate for 
the type of battery as given in the table 
(page 467.) 

Never add electrolyte to a cell after the 
gravity has been adjusted to the proper 
point, unless to replace actual loss by spil¬ 
ling. 


Miscellaneous Hints. 



battery to another by lightly driving a tack into 
terminals and using No. 18 steel wire. If an over¬ 
charge be applied—steel wire will heat and break. 


Fig. IS—Simple method of connecting many Indi¬ 
vidual batteries to one pair of supply wires. P 
and N are large bare wires. 1 and 2 are separate 
circuits. Smaller leads to individual batteries can 
be made. (Motor World.) 


HJ» XXMK u> J W'iMl AttMt 


Fig. 23—A home 
made steam gen¬ 
erator for soft¬ 
ening the com¬ 
position so that ^ 
battery top may' ~ 
easily be re¬ 
moved. Consists 
of kettle (P). -----— 

gas stove (S) end tubes (T). Steam is generated 
and passed into cells. The acid should first be 
removed. 



Fig. 24—Orating a battery 
for shipment; note shape 
in illustration. Inside di. 
should be 2 " larger than 
battery and stuffed with 
excelsior. Label '‘handle 
with care—ACID.” 



♦Prices to Charge and Addresses, Etc. 


Price for charging a starting and lighting bat¬ 


tery which includes testing.50c to $1.25 

6 volt type.$ .50 

12 volt type.75 

16 volt type. . . ..85 

18 volt type. 1.00 

24 volt type. 1.25 


These prices do not include changing of bat¬ 
teries. All changes not requiring more than 
15 min. 25c. Batteries requiring more time 
to take out and replace, will be charged for 
at regular labor rates. 

Price per day for rental of a battery in your car 
while your battery is being charged, 10c to 25c 

Starter rentals will not be installed until gener¬ 
ating system on car has been tested and we 
are assured that battery will receive proper 
charge while car is in use. A deposit to 
cover rental batteries is required. 

Price for testing the electric system, other than 
disconnecting and connecting your battery, 


per minute .lc to 2c 

Price for repair work, per hour.60c to $1.00 


•Prices vary in different sections of the country. 
In the West. 


Notice—Storage batteries left over 80 days will 
become our property and will be junked with 
out recourse. 

The above is taken from a printed placard on 
the wall of a leading storage battery repair shop. 

Where to Obtain Supplies. 

It is best to order plates and parts of the manu¬ 
facturer of the battery. Names of some of the 
concerns who handle supplies are: 

General Storage Battery Oo., St. Louis. Mo. 
(supplies and parts of all kinds); Meder-Staudt 
Oo. (supplies in general). 1904 Broadway, N. Y.; 
Storage Battery Supply Oo. (supplies in general), 
239 E. 27th St., New York. 

Address of Storage Battery Mnfgrs. 
General Storage Battery Oo.. St. Louis; With¬ 
er bee—Meder Staudt Co., New York, N. Y.; 
Bxide—Electric Storage Battery Co., Phila¬ 
delphia, Pa.; U. S. L.—United States Light and 
Heating Corp., Niagara Falls, N. Y.; L. B. A.— 
Willard Storage Battery Co., Cleveland, Ohio; 
Detroit—Detroit Storage Battery Co., Detroit. 
Mich. 

This is an example of prices charged by a concern 
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Battery Repairman's Tools. 

1— Plate burning rack which is used for burning 
post straps into plates and some means of burn¬ 
ing—see page 472. 

2— Scraping tool for cleaning parts to be burned. 

3— File card for cleaning the particles of lead 
from the die. 

4— Putty knife for scraping sealing compound. 

6—Element pullers or regular gas pliers. 

6— Lead cutters for cutting excess lead and for cut¬ 
ting post straps to necessary sise. 

7— File for cleaning lead before burning. 

8— Compound ladle for melting the sealing com¬ 
pound. 

9— Hydrometer syringe for testing electrolyte— 

(pages 468, 454). 

10— An acid tank, lead lined for mixing acid, storing 
and soaking separators 24"x36"x24*. Separa¬ 
tors when new are usually dry and should be 
soaked in a weak solution of electrolyte before 
using. 

Supplies. 

Compound for sealing Jars and surrounding jars. 

This can be made of gum ssphaltum 50 per cent, 
paraffine wax 25 per cent, and resin 25 per cent, 
melted together. Battery stations usually buy 
this compound in bulk. 

Solution for making battery box acid proof, see page 478. 
purchased at battery stations. 

Electrolyte at 1.800 sp. gr. test should be kept in a dosed atone or 
Electrolyte is sold by manufacturers, see also pages ” 

mixed with water to density required when using. 

Distilled water. A supply should be kept on hand for battery use—see psgt M 
Extra battery connectors should also be kept on hand as well as other cemw 
tions and parts such as extra Jars, covers, vents, separators, etc. 





Fig. 

By means of a 
having a concrete 5 
with sawdust, batl 
rendered much 
neater. The sau 
absorbs any acsdt 
and turns black _ 
ated, indicating that! 
renewed. 





Pure lead for burning connections together. 

Thermometer for inserting into cells to teat the temperature of the electrolya 
Glass tube for testing the acid level, see page 455. 

Volt-ammeter with a scale 0-30 volts and 0-3-80 amperes is indespensible U fl# 
battery repairman, see pages 414-416-398-453. 




Fig. 20A.—Battery service kit: A 
rectangular box is divided into four 
oompartments, as shown. One con¬ 
tains the hydrometer, in a cylindrical 
pasteboard box for testing; the sec¬ 
ond contains distilled water, in an old 
battery Jar for replenishing water; a 
third holds a syringe for placing the 
water in the battery. The fourth 
space runs the entire length of the box, 
and is used for miscellaneous tools, 
such as screwdriver, pliers, meter, etc. 


Principle of a Rheo¬ 
stat or Resistance.:}: 

A rheostat is a device 
for absorbing some of 
the electrical pressure. 

In order to make cur¬ 
rent flow through a con¬ 
ductor, it is necessary to 
apply electrical pressure 
(voltage). The greater 
the pressure more cur¬ 
rent will flow. 

For example—suppose 
you desired to charge a 
6-volt storage battery 
from a 110 volt circuit. 

It would be necessary 
to absorb approximately 
104 volts in some sort 
of resistance or rheo¬ 
stat. (see also page 464.) 

This resistance could be lamps as per page 460; iron wfof* 
fig 10; salt water per fig. 2. 

•Iron wire rheostat: Iron wire offers resistance to f 
current, therefore by using say—about dL and vn pp*f* 

around an insulated cylinder, as porcelain or stone, sad cs** 
wire from 110 volt circuit to (X, fig. 10), the current vwMfjJ 
pass down sliding contact rod (0). if one terminal of w 
tery was connected at (W2) and other battery terminal k 
connection of 110 volt line—this would form a circuit. 

Now by moving sliding contact (O) down, more reeis^J* 
thrown into the circuit; by moving it up, lees resistance wj 
in the circuit. This is the principle of a rheostat and is *■*’ 
lar to “resistance units" shown on page 464. 

A stove pipe, wrapped with asbestos and iron wire ** 
has been used. 

Water rheostat; another way is to partially fill a 5 
jar with salt waier (fig. 2). With one metal contact (B) 
bottom and the other (A), which is a sheet immersed oorrorv 
in the barrel. By movement of (D), the nearer plates *** 
gether—less the resistance. Further apart they are—■** * 
sistance, see pages 463 and 209. 



3HART NO. 205G —Battery Repairman's Tools and Supplies. Principle of a Rheostat l** 

Vorld.) See also pages 424, 410, 414 and index for “cadmium tests." 

Note that "direct" current is used and positive pole of current supply must connect with poaiti™ I* ( 
battery. |See pages 209 and 463 for meaning of resistance. 

See advertisement, Continental Battery Stand, back of book. 
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ram the container. 

Fig. 8—Type A-4 Edison cell, showing the posl- 
fcve suid negative plates in 'the container, and also 
hm removed cover with openings. The retaining 
&r is made of sheet steel and electroplated with 
lickel. 


The Edison Storage Battery. 

The plates in the Edison battery are 
made of nickel and Iron, the former in the 
form of a hydrate and the latter as an 
oxide. 

The electrolyte is a solution of potassium 
hydrate (potash). 

The positive plates consist of steel grids, 
which are nickel-plated; they are in the 
form of nets of 30 tubes per grid, each 
of which is filled with active material, the 
latter being composed of pure metallic 
nickel in the form of leaves or flakes. The 
pure nickel flake is produced by an electro¬ 
chemical process. 

The negative plates are composed of 24 
flat rectangular pockets, which are sup¬ 
ported in three horizontal rows in nickel 
plated steel grids. These pockets are also 
formed out of thin nickel-plated steel and 
they are full of perforations. The active 
material in the pockets forming the nega¬ 
tive element of the battery is oxide of iron. 

Voltage —each cell delivers approxim¬ 
ately 1.2 volts. Therefore 4 cells would 
be required to give six volts instead of 
the usual 3. 

The advantage claimed by the makers 
is in the greater amperage. For instance, 
the claim is that with five of their cells, 
weighing less than three cells, the amper¬ 
age, or quantity of current the battery will 
deliver will be twice as much as the three 
cell battery. 


It is stated that the reason the Edison battery is not used for starting motor purposes is 
Ine to the fact that its internal construction is such that it cannot deliver the high discharge 
amperage suddenly, as required. It is capable of delivering a low amperage for a very long 
period, however. 

The G. V. Electric Truck 

is illustrated below and on pages 476 and 478. 
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Pig. 4; Controller box. A—sheet steel controller box; B—controller 
handle: 0—three way switch; D—lamp circuit fuses; E—plug for 
portable lamp; B—resistance. 


The ampere hour metar (4 
2) shows the amount of cr 
rent taken from battery ok* 
running. 

When charging, a coap* 
sating shunt is used, so 
the meter runs approrinifefy 
15% slow. The Sangamo 8* 
trie Co., Springfield, DL, to* 
ufacture the meter used oi&* 
truck. 


OHABT NO. 207—Electric Track (General Vehicle Co.'s 2 Ton Truck as an Example). 

Hotm power of motor at 84 volts and 40 amperes is approximately 4 h. p. Starting cold, this motor will m ^ 
overload for one half hour and 200% overload for 10 min. 

Wiring diagram above shows connections to be used for either differential shunted "three*wire*' ampsrs-hssr 
'two-wire" ampere-hour meter equipped with variable resistor element. 


*T 


2—Wiring diagram of G. V. 2 ton truck 


A-SCRIES MOTOR 
D — MORSE CHAIN 
C — COUNTERSHAFT 
0-R0LLER CIWN DRIVE 


Fig. 3—Note the simplicity of the 
drive system—see also page 475. 


Explanation of Parts of Electric Truck. 

Tho controller box is placed in front convenient to the 
(see figs. 1 page 475 , and 4 ). It contains the control!*!, 
sistance unit, fuse block switches, etc. The current U diits 

nected by the switch (fig. 4) which is a 3 way running sw 
and is thrown to the left when battery is being charged, to 
center when current is off and to the right when running. 

When charging battay- 

connection is made 
* 1 charging receptacle ? 1 (fifc $ 
from an outside source of dto 
trie supply. In case th* e* 
rent charging battery 
fail for any reason the drt 
breaker (fig. 2) will 
nect so that current from brt* 
tery would not flow bsck 
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INSTRUCTION No. 33. 

'‘THE ELECTRIC VEHICLE: Electric Truck; Dual Power Cars; 
Gas and Electric. Electric Brake. Electric Gear Shift. 
Magnetic Latch. Couple-Gear Gas-Electric Truck. Four 
Wheel Drive. The Entz Owen Magnetic Electric Trans¬ 
mission of Power. Prest-O-Vacuum Brake. The Solenoid. 

The Electric Vehicle. 


- Although this book deals principally with 
gasoline engine driven cars, a few words relative 
to the construction and battery connections of 
an electric vehicle will be given. 

Electric vehicles are used to a great extent for 
p le a ra re cars and trucks. The objections to an 
electric pleasure car is the recharging of the 
storage batteries which prevents long country 
runs. The electric vehicle is a very simple prop¬ 
osition compared with the power plant of a gaso¬ 
line vehicle and for citjr truck use is considered 
very serviceable, especially where a charging 
plant is convenient. 

The electric vehicle is made np of three parts; 
o body; the chassis; and the motor, controller and 
batteries, or the power plant. 

The power plant; an electric motor (series 
wound) and similar in many respects to the start¬ 
ing motor described in Instruction 26, is mounted 
to the frame, illustration chart 207 Bhows method 
of mounting the motor and driving by a chain, 
oftentimes a propeller shaft drive is used. 

Average h. p. of motor for the electric pleasure 
vehicle is about 4. On trucks it varies as fol¬ 
lows; H ton truck 8 h. p.; and 1 ton, 4; 2 ton, 6; 
3 ton. 7; 5 ton; Id. 

Batteries; It has become standard practice on 
pleasure vehicles to divide the battery, placing 
approximately half of the cells at the front end 
of the chassis on a rack level with the frame, 
and covering them with a wooden hood extending 
out in front of the dash or forward end of the 
body proper. The vest of the cells are placed in a 
similar position at the rear, where they are cov¬ 
ered witn a wooden boot. The hood and boot are 
either hinged or removable. 

An example of placing batteries on a truck is 
shown in chart 207. 

There are usually, 42 or 44 cells. Each cell 
gives two volts, therefore the voltage with all 
connected in series would be 84 or 88 volts. 

On the truck shown in chart 207, there are six 
trays of seven 8-cell batteries. Therefore 42 cells, 
or 84 volts in series. 

The amperage of the cells used on pleasure cars 
are usually from about 150 to 180 ampere hour. 


Controller. 

The controller in an electric vehicle performs 
practically the same function as the change speed 
mechanism in a gasoline car. It controls the flow 
of current to the motor, and so regulates the speed 
of the vehicle and the construction is similar to 
those used on street cars. 

An electric vehicle, to maintain Its rate of 
speed is dependent on the voltage and current out¬ 
put of the battery, as the energy required for 
maintaining this speed is measured in watts; i. 
e., voltage X amperes equal watts. 

The nearer normal voltage of the battery under 
working condition, the nearer the maximum speed 
of the car. This is due to the fact that a motor 
in any given vehicle, is so constructed that for 
the armature to make its complete number of revo¬ 
lutions per minute a given voltage is required. 
This speed can be varied by introducing into the 
circuit a suitable amount of resistance. The effect 
being the lowering of the voltage delivered to the 


motor. As a normal voltage is required to main¬ 
tain normal speed of the motor, it follows that 
the lowering of the voltage will be a correspond¬ 
ing lowering of the vehicle speed. This intro¬ 
duction of a variable resistance, together with the 
relative positions of the field windings of the 
motor, is accomplished through what is termed 
the controller. The changes in the various posi¬ 
tions or speeds being accomplished without any 
break in the circuit, giving a steady gradual in¬ 
crease or decrease. In the General Vehicle Oo.'e 
truck, page 476, the speeds (five forward and two 
reverse) are controlled by varying the resistance 
and in changing the position of the field windings 
(see page 478). 

Amperes In Starting and ^Running. 

When first starting the motor from a stand-still 
on a pleasure vehicle, the quantity of current 
used is about 50 to 60 amperes, after being in 
motion and on a level it will drop to about 18 
to 25 amperes. 

On a truck, say, % ton capacity, the am¬ 
perage would probably go to 75 to 80 when start¬ 
ing and about 85 when running on a level. 

The usual ampere-hour capacity of batteries for 
trucks range from 160 to 227 or more ampere- 
hours. The number of cells being 42 to 44. The 
horse power of the electric motor is usually 8 to 
10 h. p. 

The 42 or 44 cell battery will have the same 
ampere-hour capacity as a single cell, but of 
course the watt hour capacity increases in propor¬ 
tion to the increase in the number of cells and 
voltage. 

Mileage and Speed. 

The speed depends on the voltage or pressure. 

The number of miles an electric vehicle will 
run depends on the size of the cells and am¬ 
perage output (amperage means quantity), the lar¬ 
ger the cell the more quantity of current it will 
deliver, but the pressure or voltage always re¬ 
mains the same, whether large or small 

*If the battery gives 150 amperes for one hour, 
or one ampere for 150 hours, then it is called a 
150 ampere hour battery. 

If the motor on an electric vehicle requires, shy 
25 amperes per hour and your battery was a 
150 ampere hour battery, then you could run your 
motor steadily for 6 hours and if your speed was 
15 miles per hour you could make 90 miles—pro¬ 
viding you were running on a perfectly level floor, 
but when you come to grades your motor will re- 

? iuire more quantity of current or more amperage 
or a few minutes, or when starting off on a 
grade the motor will pull considerably more cur¬ 
rent from the battery. Therefore the mileage is 
governed by the slse of the cells and the current 
consumption. A great deal also depends upon the 
driver, in how he uses his control as to current 
consumption. 

Understand, the voltage of the vehicle battery 
when say, all 42 cells are connected in series, 
with motor, would give 84 volts Therefore if 
there was 15 ampere draw at 84 volt pressure—by 
multiplying the voltage and amperage together 
(15x84) we would get 1260 watts. 746 watts 
equal one horse power. A kilowatt is 1000 watts. 

There is a graduated loss governed by rate of dis- 


* Figures not accurate—used only as an example, 
charge, see page 441. 

A rectifier or charging plant for charging electric vehicle batteries should be one which will give at 
least 30 amperes and 110 volts or 8 kilowatts (a kilowatt is a 1000 watts.) 



178 


DYKE’S INSTRUCTION NUMBER THIRTY-THREE. 



CtWfJiXLOl 

HANDLE 

PEVEtoe 


r COHTPOtLER DRUM 
fi .OnTKOluUEP SEGMENTS 




mmr < 
SPEED 

sector 


Jrxwtftotiiw 'ftNOfiR'BaPRD 


Fig. 4A: Oontroller—note connections of fingers, refers to diagram fig. 6. 

Controller Connections. 


—continued -from page 476. 

The Controller 

is used to make connections 
for the different speeds. By 
referring to fig. 4 A, note the 
movement of lever for the 6 
speeds forward and 2 speeds 
reverse. 

The controller is of the 
“constant torque** type and 
batteries are connected in 
series at all times. The vari¬ 
ous speeds are obtained by 
cutting out or in reel stance 
(cast iron) and also by making 
“field** connections of motor 
as explained below. 


By referring to fig. 4A and diagrams fig. 6 and 7 the connections from controller to re¬ 
sistance and field circuits can be traced. 


Rl t B2, RS—mean resistance; 
about one third is in—see fig. 7. 



Fig. 6—controller connections: 
O—is off or nentrsl position. 
Black dots refer to controller fin¬ 
gers. Black squares refer to con¬ 
troller copper segments. The 5 
speeds forward and 2 speeds re¬ 
verse are shown. 


B1 all resistance is in circuit; B3 about one half is in; B2 

FI and F2 Is one set of 3 field windings; FF1 and FF2 

second set and are connected in series. The two wind¬ 
ings are connected in series on speeds 1-2-3-4 and in 
parallel on 5th speed. 

A1 and AA are to armature brushes; there are two 
brush holders with three brushes each, on motor. 

In fig. 6, the letter “O'* Is the neutral or “off** por¬ 
tion of controller, and the black dots refer to controller 
fingers. 

Forward Speeds. 

First speed; see fig. 7—(1 forward); both fields are in 
series and all resistance (Bl) is in the circuit. This is 
the slowest speed. 

Second speed; see fig. 7—(2 forward); both fields are in 
series and part of resistance is cut out (B2). 

Third speed; see fig. 7—(3 forward); both fields are in 
series and all resistance cut out. 

Fourth speed; see fig. 7—(4 forward); resistance (B3) is 
shunted across the series field. 

Fifth speed; see fig 7—(6 forward); fields are in parallel; 
all resistance cut out. 

The forward speeds are divided approximately equal, each 
notch of the controller being an increase of approximately 
20 per cent in speed. 


pcvcpsc n« 6 FORWARD n* 7 



Fig. 7—Illustrating the resistance connections Bl, R2, R3 and field con¬ 
nections FI and F2 and FFl and FF2. A—is armature brush connec¬ 
tions; B —battery connections. 


Reverse Speeds. 
Beverse speeds are the same 
connections as second and 
third forward, but passing 
through first speed to pre¬ 
vent heavy rush of current. 
The direction of flow of 
current is changed which 
reverses the rotation of 
armature. 

For resistance, cast iron 
is used. 


OHABT NO. 207A—Electric Truck—continued. 
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Woods Gas-Electric Oar. 

TSi Woods dual power car: The power plant con- 
■lata of a mall gaaoline engine and an electric motor- 
generator combined Into one unit, as illustrated, and 
mounted on a three point suspension. The movement 
of at Anger lever on the steering wheel connects the en- 
gine to the electric motor-generator, which cranks the 
engine and develops power which is transmitted through 
the armature shaft of the electrio motor and propeller 
shaft, direct to the rear axle. 

The ear starts as an electric, by a simple movement 
of m finger controlled lever on the steering wheel, which 
oporates the means for connecting the battery to the 
motor and increasing the speed; as the lever is ad- 

vanesd. 

At any advanced position of the electric lever the first 
movement of the—-finger controlled gasoline lever— 
Intently starts the gasoline motor. As this lever is 
moved forward it causes the car to be operated more on 
Hie rat, and at a certain point it will run as a straight 
neoline car neither charging nor discharging the bat¬ 
tery. With a slight variation of the relative position 
•f the two lovers on the steering wheel, the battery 
may be either charged or discharged at will on any 
speed from ten miles an hour up to twenty-eight or 
thirty miles an hour. Electricity is generated and 
stored in the battery while the car is running. 



Electric Brake. 



The Hertford 
braking motor is 
shown with reduc¬ 
tion gearing. Ar¬ 
mature shaft car¬ 
ries a worm gear 
which drives at a 
reduction of 100 
to 1. This worm 
gear in turn oper¬ 
ates a drum 
through an inter¬ 
nal gear at a re¬ 
duction of 4 to 1, 
giving a total re¬ 
duction of 400 to 
1. A steel brake 
pulling cable which is wound on the drum, trans¬ 
mits the pull of motor to brake mechanism. 


The controller (CL) is moved by degrees which 
applies brake gradually; or suddenly If moved to 
extreme limit. 


The point of decreased speed before coming 
to a full stop is illustrated by the fact that 
a car, moving at the rate of 50 miles an hour, 
or 78-1/8 feet a second, can within 85 feet, or 
m one-half second* s time, be slowed down to 
15 miles an hour or 22 feet a second, and brought 
to a dead stop within the next 10 feet. 

Current required is 40 amperes for 2/5ths. of 
a second and a pressure of 6 volts. 


Pregt-O-Vacuum Brake. 


At any speed above six miles per hour, dynamic break¬ 
ing may be effected by retarding the electric lever. 
This causes the electric motor to run as an electrio 
generator driven by the gasoline motor or by the mo¬ 
mentum of the car. The power thus generated is used 
for charging the battery. The same effect may be ob¬ 
tained by a simple movement of the foot brake pedal, 
which also acts as a mechanical brake below six 
miles per hour. (Woods Electric Vehicle Co., Chicago 
Illinois). 


By utilizing the suction in the intake manifold 
to exhaust tne air from a cylinder (B) carry¬ 
ing a piston, the piston is forced to move, and 
in its motion applies the brakes through the 
usual braking system. The amount the brakes 
are applied depends, of course, upon the sue- 
tion of the cylinder, and this is controlled by 
the driver through a throttle valve operated 
either by a pedal or hand lever. 

Fig. 8 shows the general layout of the system 
when installed on a car. It will be noted that 
the forward end of the suction tube, is attached 
to the intake manifold at its junction (1) with 
the carburetor pipe, this being the point of most 
constant suction. From here it leads to the 
throttle valve (C) located convenient 
to the driver’s foot. 

The principle is similar to the air¬ 
brake cylinder used on railway trains, 
having a pressed steel shell, cast 
steel head, and carrying a pressed 
steel piston with leather paoking. 
This piston has a diameter of 7 in., 
an srea of 88 % sq. in. and a stroke of 
4 in., the entire braking cylinder as¬ 
sembly weighing about 10 lbs. 

The suction in the manifold (I) 
varies from 8 to 12 lbs. per sq. in. 
When the throttle valve (0) is opened 
wide, at least 10 lbs. per sq. in. suc¬ 
tion is applied to the piston in the 
braking cylinder. Hence, the area 
of the piston being 38 % sq. in., a suc¬ 
tion, or, to be more exact, a pressure, 
of 10 times 88% or 885 lbs., is applied 
to the piston. 

moved under a direct pull of 885 lbs., and this in turn is compounded 
give a pull of 4000 lbs. on the brake rods. This is an ex¬ 
hat the system can do, as a pull of 4000 lbs. is seldom required, unless on large 



rio. ft—Plan *lrw Jf e*v* tyttiffl install**, showing its relation to *ha standard 
braking syatam 


The piston, therefore, is 
through the toggle joint connections to 
treme example of what the system ci...... 

tracks. It is evident that the pull applied to the brakes may be graded from 0 to 4000 lbs. at the option 
ef the driver, the pull depending only upon the opening of the throttle valve. (Prest-O-Lite Oo., In 
disnapolis Indiana, are the manufacturers.) 


0HABT NO. 207-B—Woods Dual Power Oar. Hartford Electric Brake. Prest-O-Vactnim Brake. 
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8«<tlon through Owon-Entt oloctrlc tranoml««ion. Operator field coret and coda form tho gaaollno angina f _ 
rlnga ihown aro for tho purpooa of connecting tho field currant of the generator tr the various circuits The b^ueheo’o7t*T* 
rovolvo with tho field. The two armatures ore Identical and both are keyed to the hollow shaft which la attached to the ( 
ahaft and haa no connection with the qa«>lln« engine 

Electric Transmission. 

COMMUTATOR GCMERAToe 

ORIVi SHAFT ^ ' * - ‘ ^ 


Above—Armature of motor and generator attached 
to the propeller shaft as on the Owen magnetic car. 

Sight—Field coils,* etc., of the electric transmission 
system forming the flywheel of the gasoline engine 
as mounted on the Owen magnetic car. 


In 


Explanation. 

i place of the fly wheel, dutch, gearset, starting 
lighting system and their auxiliary parts, two 
direct current dynamo machines and a drum controller 
have been substituted. 

Olntch generator. One of the dynamo machines has 
its field magnet frame directly connected to the en¬ 
gine crankshaft, taking the place of the ordinary fly¬ 
wheel. The armature of this machine is mounted on a large, hollow shaft, which is directly <* 
nected to the propeller shaft. This machine is called the “clutch generator," aa it acts both as • 
dutch and a generator. There is no mechanical connections between engine and rear axle; it is 
through an "air gap" which is entirely a magnetic connection. 


The motor. The second dynamo machine has its armature mounted on the same hollow 
the first, and its field magnets are stationary; It is called the "motor," aa it ia generally used ■ 
a motor to help drive the propeller shaft, and boost the effort of the engine as transmitted throat* 
tip clutch generator, which, like any clutch, can only transmit the engine effort or torque. 

The clutch generator is used as a clutch alone, on the high speed, when it is short circuited ip» 
itself, and a small speed difference between armature and field, or a small slip is necessary to esiah 
liah the current in its windings which energizes tt and causes it to act as a clutch. 

On the high speed position the motor plays no part in the transmission of power, but is wd 
as a charging generator for the storage battery, which later is used for cranking the engine and tf 
the electric lights. 

Electric motor aids propulsion. On all other power control positions bat the high, tho msttr 
helps turn the propeller shaft, by taking current from the clutch generator in which circuit it h 
included. At these times the slip in the clutch generator is greater than needed to energise it as » 
elutch, and the additional slip produces the current required for the motor, which it utiumes for gb- 
ing additional turning effort to the propeller shaft. 

Tho different graduations of speed and torque are controlled by the relative strength of the it¬ 
erator and motor field. The weaker the generator field compared to the motor field the grea te r tb 


slip and the more electrical energy goes to the motor for proi 


ipared 

ducing 


effect Is efi 
which cab 


Besides tho positions of power control, there Is a neutral position in which the clutching 
out, but the motor is so connected through a resistance as to act as an electric brake, in 
it becomes a generator, taking power to drive it, and so braking the car. 

This brake is most effective when the speed is highest and is ineffective below 15 m. p. h.; it wfl 
hold the car on any mountain grade to 20 m.p.h. without wear of any parts and can bo applied wifi 
the car going 60 m. p. h. It cannot hold the wheels and there is little danger of skidding, as the brek- 
ing effort disappears at speeds below 15 m.p.h. (Automobile). 


DYKE’S INSTRUCTION NUMBER THIRTY-THREE. 


CHART NO. 207-0—The Entz System of Electric Power Transmission as Applied to the Of* 
Magnetic Oar—continued on next page. 
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THE ELECTRIC VEHICLE. 




Elementary Principle. 

Illustration No. 1—A. Magnot with 
keeper familiar to everyone. 

B. Magnet and pedestal with hand 
crank to revolve it. 

0. Piece of steel on pedestal placed 
within magnet on same line of travel, 
it will be apparent that as the magnet 
is revolved by turning the crank it will 
attract the piece of steel which will re* 
volve with it. 

Illustration No. 2—B is now re* 
volved by gasoline engine instead of 
hand crank, taking the plaoe of the fly 
wheel as shown in chart 207*0 and 
revolves at engine speed regulated by 
the throttle, and to accurately describe 
it, we will now call B a revolving field. 

0 is now part of propeller shaft, and 
to accurately describe this, we will now 
call 0 an armature, see chart 207*0, 
and when car is running in "high 
speed," 0 follows B, because it is 
magnetically locked, but it will be 
noted that we are driving through an 
air space or gap, there being no me* 
chanical connection at any time be* 
tween the rear axle and the gas en* 
gine, only magnetism transmitting the 
torque of the gas engine to the rear 
'hxle. 

When arriving at a grade which is 
too ateep to climb on "high," we 
would now stall our gas engine unless 
we applied a form of speed reduction. 


Illustration No. 8—The conventional electric motor D, as shown in illustration 8, gives us the re* 
Auctions needed in the following manner: 


We now drive through what is in effect a slipping clutch, and it is apparent to us all, that if It 
were possible to use the power that is lost in heat through the friction of the slipping clutch in the old 
type gear transmission car, all the power of the engine would be transmitted to the rear wheels and there 
would be no use for a gear box. 

The magnetic transmission gives us this result, as we now find that 0 is trying to keep up with 
B, but as B and 0 now have ceased to be magnetically locked, because we have changed the position of the 
control lever on the steering wheel, and therefore slipping, the difference in their relative speeds gen¬ 
erates electricity which is lea to D. 

Armature E, being-.of the same form as 0 and on the same propeller shaft, see chart 207-0, takes 
the electricity generated by the slip, and acts as a power booster on the propellor shaft, giving us innum¬ 
erable speed reductions, wonderful flexibility and absolute silence at all speeds. 


CH*R6IN<ar 



Control Lever Positions. 

Charging: Car stationary, engine running. Genera¬ 
tor charging starting and lighting battery. Seldom 
necessary, as battery is automatically charged on high 
speed position when car is in motion. 

Starting: Current from starting battery operates 

generator as a motor for starting engine. When 
engine has started, bring lever to neutral position. 

Neutral: Car stationary, engine running. Clutch 
generator circuit is open, and motor is short circuited 
on a resistance. Bring lever to first position. 

First position: Generator producing light clutching 
effect and maximum current for electric motor result- 
maximum difference between engine speed and ear 
speed, and producing greatest torque or pulling power. 

Second position:. Clutching effect of generator in¬ 
creased and current supply to motor decreased. Re¬ 
sult-car speed increased. 


Third position: Clutching effect of generator further 
increased and transmitting more of the driving power. 
The motor does corresponding less work, Result—in¬ 
creased car speed. 


Fourth position: The generator continues to transmit more and more of the driving power—the work 
of the motor gradually decreasing. Result—car speed increasing. 

Fifth position: Same general action. The generator carrying nearly all the load, while motor is prac¬ 
tically idling. 


High: On this position the generator clutching effect has increased to nearly locking point, trans¬ 
mitting all the driving power. Motor no longer assists, but operates only as generator to charge 
starting and lighting battery. 

The gear ratio on the Owen magnetic car, 7 passenger is 4% to 1 and on the 5 passenger car 8ft 

to 1. 


CHART NO. 207-D—Owen-Magnetic Power Transmission System. Manufactured by General Elec 
trie Co., Ft. Wayne, Ind., and used on the O wen Magnetic Car, manufactured by R. L. Bakei 
Co., Cleveland Ohio. 
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Magnetic Gear Sh ift 

Principle 


iple—If v« 

button 1, (see fig. 2) 


"1 


--m 






m 


K OU pres* tb- 
t. 2), yoti t» 

circuit of solenoid 1. causing th* shaft 
(A) to move to the left. 

If yon press button 2. you 
solenoid 2, censing the - .aft (A) a 
move to the right. 

If you press button 3. you energise 
solenoid 3, causing shaft (B > to wit 
to the left. If you press button "R" energizing spe 
'R' 1 you bring the reverse gear into mesh. 

Pressing neutral button N and throwing out the ch : 
places gears in "neutral." , 

Pressing a push button does not energise one of the solenoid*, it merely 
partially closes the circuit to a certain solenoid but the circuit is not tw 
pletely closed until you throw the dutch pedal down to the door board. 

The clutch pedal is so arranged that you can throw out the clutch in it* 
usual manner by partially depressing the pedal, but if you posh the pedal u 
the extreme position you bring the switch (M) fig. 3, in contact for aa z» 
stant and permit the electricity to flow to the particular solenoid which was 
selected when you pressed one of the push buttons. 

The push buttons are therefore known as "selector switches" because the? 
do not actually close the circuit but select in advance the circuit that wiD It 
energized when you push the clutch pedal to the extreme position, thereby e *m 
ing switch (M). 

A 12 volt battery Is used—it is stated an 80 ampere hour battery viB 
operate the gear shift from 394 to 491 times. 

Gear Changes. 

First speed:—To start forward in first speed, push "selector switch” buttrn 
No 1 down utftil it catches. Then depress clutch pedal is far as it win a 
and first speed gears will instantly mesh. Allow clutch podal to return geallj. 
The clutch will engage and the car move forward in first speed. 

Second speed:—Press bntton No. 2 until it catches and as soon as it is desire* 
to shift the gears from first to second, depress the clutch as before to hi 
extreme position. This brings the second speed gears into mesh. Engage the 
clutch. 

Third speed:—Press button No. 3 until it catches. Depress the clutch to isi 
extreme position. Allow clutch to return to engagement. 

Dropping hack:—In dropping back from one gear to another, the operate 
the same, i. e., press the button corresponding to the gear wanted, and wl 
is desired to shift, simply push the clutch to the extreme limit and the 
will automatically change. 

Selection:—Should button No. 2 be depressed and should it then be deeidsd 
that No. 1 is wanted instead, all that is necessary is to presa button Ne. L 

_„ _ No. 2. Similarly, any button that is down is "killed" by pushing any ode 

button. The gears may be selected in any order desired, for example—1 to 8, 2 to 1, 3 to 1, etc. It » 
not necessary to press the buttons in numerical order. 

Pre-selection:—Speed changee may be prepared for at any time in advance of the actual shift by pressiai 
the button corresponding to the gear into which it is next desired to shift. 

When the car is stopped, the gears should always be neutralised before the driver leaves his seat, m 
that when the motor is again started, none of the gears will be in mesh. 

Neutralizing:—To throw the gears to neutral, press the "N" button, and then depress the clutch pedal t» 
the limit. (The neutral button has no catch and does' not remain down when it is pressed. Its funetioa is 
•imply to throw out the other buttons in order to break their electrical connections.) 

Coasting:—The clutch pedal may be thrown out far enough to free the clutch without neutralizing or shift 
ing the gears. The shift takes place only when the pedal is thrown to the extreme position. This arraaf*- 
ment permits disengaging the clutch so the car can "coast," no action taking place in the gear shift 
See flg. 1. 


A—gear shift housing. 
B-l-2-3-4—coils. 

0-1*2—magnet cores. 
E-E—cam shafts. 

F-F—neutralising 
cams. 

0—ratchet pawl lever. 
I—rocker arm. 

J—operating shafts. 

K—operating lever. 

L—p a w 1 operating 
master switch. 

M—master switch. 

N—locking shaft. 

O—master switch re¬ 
turn spring. 

P—neutralising return 
spring. 

Z—neutralizing return 
spring shaft. 


Dry Battery 

Fig. 4. Principle of 
sol 


Pig. 4. Principle < 
solenoid, simplified. 

This automatically 


kills’ 



Fig. 3. 


CHABT NO. 2507-E—The Magnetic Gear Shift. 

of the hand shift lever and selector rods, as explained on pages 48 and 49. It is’attached to thf * . 
the transmission. The awltch control is placed under the steering wheel. This system is use* * 
Premier Oar. (Above device manufactured by Outler Hammer Co., Milwaukee, Wis.) 


This device is used to shift Jhe gears, taking thejj* 
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71c. 1—On the 1914 Cadillac There la a Magnetic Latch used 
connection with Olptch Pedal to shift gears for starting on the 
dco starting system. 



The Magnetic Latch Used on The 1914 
Cadlllac-Delco Starting System. 

The Clutch Pedal is connected with what is 
called a magnetic latch. The clutch Pedal can be 
operated as usual for throwing in and out the 
clutch, and when used for this purpose CAB are 
not in contact. 

In Starting the Engine with starting motor, the 
4 ‘start” button is depressed 

but at the same operation the current 
is caused to flow around the coil on the magnetic 
latch. The lever (0) is pulled to the core (H) by 
magnetism—this action places 0 then, in the line of 
path of B and the result is, the 
firt<liii[> rod (A) shifts the starting motor 
gears as by hand lever 

The Olntch Pedal operates free 
of (C) as the spring pulls (0) out 
of the path of B during other 
operations of Clutch Pedal. Thus 
it will be seen that the clutch pedal 
and starting button are used for 
starting per fig. 1. 

The Magnetic Latch used 
on the 1914 Cadillac, 
Two Speed Rear Axle. 

The Usual Type of Selec¬ 
tive Transmission is Used, but 
instead of driving the rear axle 
through a single Devel gear and 
pinion, there are two gears and 
two pinions. 

Gear L and Pinion Ll 
Mesh as the Low Direct Drive, 
which is 3.66 to 1 and is es¬ 
pecially adapted for city driv¬ 
ing, where starting, stopping 
and slowing down are frequent 
and where cautious operation is 
necessary. 

Gear H and Pinion HI 
Mesh for the High Direct 
Drive, which ratio is 2.5 to 1. 
This gear is used where speeds 
of 16 milea or more per Hour 
is desired. 

Either One Gan be Oonnected With Drive Shaft, 
but in connecting one, the other is idle—for instance 
L & Ll work together or H & HI. 

The Method For Making the Change Is Done by a 
Magnetic Latch, on a similar principle as described 
above. 

The Operation is as Follows: If it is desirable to 
have L & Ll (low gear in) then the switch on the 
door, is turned to the right, and down. This sends 
current from the storage battery through winding in 
coil (0). The magnet armature AL is drawn to 
magnet (M) causes the rod R to shift the collar in 
housing HH, which connects the gears L & Ll on the 
forward movement and H & HI on the backward 
movement. 

Now, When Clutch Pedal is Pressed, the Trigger 
1 Catches the Latch 2 and pulls the entire apparatus 
which is on a sleeve (S). Therefore pressure of clutch 
pulls the rod (R ) and shifts a coupling connection in 
the housing (HH). Note the trigger 1 works independ¬ 
ent on the shaft P f as it is on a sleeve (F) free from 
(8). Therefore, if the magnet armature is not down, then clutch can work independent of the latch (2), 
as it will miss the latch and follow the dotted line. In this case clutch pedal operates this device only when 
the switch is turned for the purpose. 

To Change to Other Gears H & HI, there is another magnetic latch (not shown in illustration) placed 
on the aame aleeve (S) but Direetly Under this one and the same operation is repeated. Therefore, there 
would be another roa to clutch pedal to connect to another trigger to shift coupling for H & HI. Being 
placed underneath, the same forward pull on the clutch pedal would “push" rod (R) back instead of for¬ 
ward. There is but one rod (R) used however. The motion of shift for H 8b HI is just opposite to the 
pull of L A Ll. 

The advantages of the high direct drive gear ratio lie primarily in the 
fact that with it, any given speed of the engine produces an increase of 
about 42 per cent in the speed of the car. For example; at an engine speed 
of 700 revolutions per minute, with the low direct gear engaged, the car 
will travel approximately 21 miles per hour; while on the high gear it will 
travel approximately 30 miles per hour with no increase in engine speed. 
Adjustment of Magnetic Clutch Arm. 

The magnetic clutch arm (2) should be so adjusted by the adjusting 
screw (D) that the arm (1) will pass the arm (2) just allowing the point 
indicated by the arrows to clear each other when the main clutch is disen¬ 
gaged, and when the magnetic latch if in the disengaged position. Screw¬ 
ing up on the adjusting screw (D) decreases the distance between the 
points (1) and (2), and unscrewing the adjusting screw (D) increases the 
distance between these points. 


Fig. 2—There are two Magnetic Latches combined; one placed under 
other, with two rods (R2) running to Clutch Pedal. One makes 
connection to shift L A Ll on the forward movement, and the other on 
the backward movement connects H A HI. 


Dft/vE to 
TRrtrtsritss/ort 




CHART NO* 208 —Principle of the Magnetic Latch on the 1914 Cadillac. A Delco System. 

NOTE—The drawings are not drawn to scale but are exaggerated in order to simplify the principle. Althoi 
the system is out of use, it is shown in order to explain the principle. 
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Fig. 1—A couple-gear four wheel drive and four wheel steer Gas-Electric 
motive power truck. Especially designed for suburban and other long distance 
work. Made in 3%, 4, 5 and 6 ton capacity. 


Ga»-2Sl£etric 
Truck 

▲ very writes i 
lsfactary 
Gas-Electric 
is called the < 

The drive 
means of an 
tor in eeeh 
shown i 
fig. 2. This 
termed the 

This gives a 
wheel drive sal 
wheel steer 
complications. _ . 
versal joints are assl i 
the drive. AH 
sprockets, chitchat i 
ing and reverse ge 
dispensed with. 

^Oonple-gssr** 
mission consists «f i 
electric motor is 
wheel, the motor i 
tore having a pinks el 
either end. one asm] 
palling up an ose * 

of the ifutel, the l_ 

palling down at It* vj 
posits side, and Mi 
working at the pwghl 
ery. (fig. 2). Is] 
evener” device pel 
mits of 

movement __ 

the force “equally” hi 
tween the two paaiaf 
for unequal wear or ■§- 
jnstments. 


The gear redaction is 25 to 1 direct, and is supposed to deliver 07 per cent, of motor onerer to to I 
rim ef wheel. Tires are solid 3Hx86". * * energy w m y 

The power plant; is self-contained and consists of a gasoline engine connected to an eleetrie am- ( 
erator. The speed of the generator, controlled hy the speed of the engine governs the speed of the eferfa 1 
motors in the four wheels. The engine is equipped with Bosch ignition, Stromberg carburetor 2%-i ach tm 
bearing crank as shown on page 80 fig. (4 8). j 

Generator—is designed especially for this class of work. The generator is rated 12% K. W. * 
100 volts, 680 revolutions per minnte and will run completely sparkless with an ampere load 206 per cM 
in excess of its normal rating and with a 100 per eent rise in speed. The voltage at the maximua tptd 
can bh held down as low as 40. It is a six pole machine, with the same number of commutating poles, com¬ 
pound wound with a dropping characteristic, which automatically assists the engine to hold or imw 
speed at approximately the same rate as the increase in power is demanded for the vehicle propelma 
It is equipped with rheostat connected to fields by means of which the operator may raiae or lowor the 
gear ratio at will. Voltage can be held down to 40. Voltage drops when amperage exceeds 70. Wti^l 
765k lbs., (see instruction No. 27, for principle of electric generator.) Engine—-4 cylinder 5” bmi 
5%* stroke. 

Control. 

Throttle, operated by foot lever. 
tlon, fixed. Motors are operated eiihsa 
series, series parallel or parallel vfckk h 
governed by a controller of street nfr 
wav type. Reverse lever, also os • 
trailer giving same range of speed tod- 
ward as forward, and also operate * 
electric brake. Speed; from 7 to 15toto 
per hour, 12 loaded, 16 miles vithto 
load. 

Fig. 2; shows front disk and sib d 
motor removed, giving acceas to the su¬ 
ture, field coils and bearings. It will W 
noted that the electric motors are noutfad 
in the wheels which is the methto * 
transmitting the drive power. 38 aoptf* 
80 volt motors are used in each vhM 

T—rubber tire; F—field winding; A—armature; B—armature bearing; P—pinion (sears which 
Gl); G, G1—gear in wheel; 4—steel band for tire; L —wheel inspection door; S-—roller bearing. 

Motor Is suspended by half of motor casting, which is a heavy stub, which passes through the howto 
shaft, making the motor frame itself a component part of the axle. The armature is carried rigidly vitto 
motor frame. The wheel shell then revolves about the motor frame, on roller bearings, one of which ii • 
the rear of frame (3) and the other in frame (4). A coyer which fits over armature (A) carries «• 
bearing for (3), but is not shown. 


CHART NO. 209 —A Gag-Electric Combination of Power and Four Wheel Drive and SteiriBf. 

(Couple-Gfar Freight Wheel Co.. Grand Rapids, Mich., Mnfgr’s.) 
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INSTRUCTION No. 34. 

>PSRATING A CAR: Preparing a Car for Service. Starting 
the Engine. To Start the Car. Speed Changes. Running 
• a New Car. Hill Climbing. Points to Remember. Skidding. 

Importance of the Clutch. Pointers on Steering. Pointers on 
Changing Gears. The Control Levers and Pedals. Gear- 
Shift Lever Movements of Leading Cars. Dash or Instru¬ 
ment Board of Leading Cars. How to use the Brakes. 


*How to Operate a Car. 


In learning to operate an automobile, the 
first step is to become familiar with how to 
start and stop the engine and the control 
of the speed, which can be learned best 
with the engine running. 

The simplest way in which this can be 
done is to jack up the rear wheels so that 
they are clear of the ground, letting the 
weight of the car rest on a solid box. The 
point is to get the driving wheels clear of 
the ground, and free to revolve without 
moving the car. 

The different speeds may then be han¬ 
dled, and the movements of the levers and 
pedals gone through with, without being 
under the necessity of steering, the steer¬ 
ing being the simplest and easiest part to 
learn. Care should be taken to block the 
front wheels, so that the vibration of the 
engine cannot shake the car from its sup¬ 
port. 

Lever Systems. 

There are three types of side lever sys¬ 
tems; the type which operates the plane¬ 
tary transmission gears, the type which op¬ 
erates the old-style progressive gears and 
the type which operates the selective type 
of gear. 

tThe planetary gear type is used on the 
Ford car and is very simple. See Ford in¬ 
struction. 

The progressive gear type is now seldom 
used. Its principle and operation is shown 
on page 46. 

The selective type is the type used most¬ 
ly and it is with this type we shall deal 
with principally. This type is shown in 
chart 212, also page 48 and 49. 


♦♦The gear shift lever used .with a selec¬ 
tive transmission, is constructed in two 
types; the “gate” type and the “ball and 
socket 17 type, page 49. Also chart 212. 

The emergency or hand brake lever, is usu¬ 
ally placed along side of the gear shift 
lever. Sometimes these levers are placed on 
the side of the car, but more commonly 
found in tha center as per chart 210. For 
a further description or the selective lever 
operation, see page 49. 

Pedal Systems. 

The “running*’ or “service** brake is a 
pedal operated by the right foot (see chart 
210). The clutch pedal is a pedal operated 
by the left foot. 

The accelerator is usually placed between 
the two pedals, as shown in fig. 2. 

The movement of the gear shift lever for 
changing the gears, vary on different cars, 
as will be noted in chart 214. The prin¬ 
ciple or purpose however, is the same on 
all cars. 

The spark and throttle levers are in most 
instances, placed on the steering wheeL On 
a few cars, they are placed under the wheel 
on the steering post. The throttle lever is 
usually the longest of the two. The move¬ 
ment of the throttle lever, whether up or 
down to open the throttle is easily deter¬ 
mined by noting the movement of throttle 
on carburetor, the spark lever for advanc¬ 
ing, can also be determined by noticing the 
direction it moves the timer or interrup¬ 
ter on magneto. Usually the throttle and 
spark lever are pushed up to open and to ad¬ 
vance. See chart 213.. 


*If yon have Dyke’s Working Models of the 4 and 6 cylinder Engines, place Chart of Gear Box in con¬ 
nection with the model of Engine and note the relation of parts. 

“See supplements. tSee also Ford supplement. 
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Fig. 1. See that gear shift 
lever is in “neutral/' before start¬ 
ing. Release hand brake, then 
throw clntch “out.” 



Pedal Pedal 


ACCELERATOR 

Pedal 


Fig. 2 Place gear shift lever 
into first or low speed position, 
after engine is running—but hold 
clutch “out" while shifting. 


To Start Car. 

Release the hand emergency brake: By pushing down an the k 
ton on top of lever to the left of the gear shift lever (fig. IKS 
at the same time pull back slightly to release latch, then flta 
forward as far as possible. Caution:—Never try to atari car « 
the hand brake set. 

Throw out clutch: The foot pedal to the left operates the dad 
Push the pedal as far forward as possible, to disengage the dtil 
and stop revolving of transmission gears. (See page 41). 


♦Gear Changing. 

First speed or low gear: With the clutch still disengaged. pJ 
the rear shifting lever (now in “neutral'’ position in fig. 2). 
the left hand and pull sideways towards you. Then with s 
sharp motion move it into first gear. (Study the numbers 
eating speed changes in chart 212, and page 40). Now sbwt? 
lease the pressure on the clutch pedal, letting it back gently, 
car will then start ahead. 


When the clutch is being engaged, the increased work tk 
on the engine will cause it to slow down. Therefore, at the i 
time the clutch is being engaged gradually give the engine macs 
by advancing throttle lever or pushing down on the accelerator ? 
If you fail to open the throttle as the load is thrown on tho « 
it is very apt to “stall." Remember, never try to shift gears 
out first disengaging the clutch. (See page 41). 


Continue to run the car very slowly on first gear until jm O 
come accustomed to the sensation of driving and have mastered fir 
operation of the steering gear. It is advisable to form a good ida 
of where the front wheels of the car are going to ride over the rod 
ahead of yon., As you sit in the seat and are driving along a kratf, 
car track, the wheels will fit the rails—-one wheel on each rafl. 5w 
sight ahead across the radiator, mad guard or hood, and set m 
imaginary mark there somewhere exactly in line with the rail si i 
passes under the machine. Riding in car tracks is bad for tnw. M 
try the same thing on country roads when yon are compelled to m! 
in deep ruts—become familiar with where the wheels of your ear »i 
going to run and yon will then be surprised to find how easj fc »;j 
to judge distances—in passing other vehicles, missing stoats nil 
holes in the road, etp. 

Second speed or Intermediate gear: When yon desire to go a*r| 
second speed, push down on the clutch pedal quickly, and faoM i, 
so for a second and at the same time, with a quick, firm new. 
ment, pull the gear lever straight back, into neutral position, fin . 
push sideways, that is away from you and pull straight bad: (c 
forward which ever the case may be) into second speed, apis » 
gaging the clutch gently, and at the same time accelerating fit ; 
engine when the clutch begins to take hold. j 

Third speed or high gear: In going from second to third ipni 
release the clntch as previously explained, and pnah the ^esr lr** 
straight forward (or backward) into third speed, and again mpv j 
the clutch gently; accelerating the engine when the clutch begin * j 
take hold. 


Most of the running of a car is done on the high gear. The starting of a car is always dose «a fis 

low gear. 


Regulate Spark. 

In cranking, the spark was fairly well retarded, but since running on retarded spark for 
length of time will canse the engine to overheat, the spark should be advanced as far as possible vw* 
causing a knock. Try for yourself the change that the time of spark makes in the running of tbs eap* 
Retard the spark and with the throttle opened so that the car is moving eight or ten miles sa *** 
gradually raise the spark advance lever. You will note that the car would gain speed and you will by* 
to draw the conclusion that by using the same amount of gasoline with the spark advanced yos 
able to get a greater mileage per gallon of gasoline. Consequently always use as much spark and u i ■» 
gasoline as possible. The general rule is that as the engine is speeded up, the spark lever iboatt " 
advanced and as it is slowed down it should be retarded. 


To Reverse Car. 

Never attempt to reverse car when moving forward. Bring the gear shift lever into neutral positiai vi 
pull it towards you and then straight back into reverse gear. Let the clutch in very slowly and the «* 
will move backwards. 


To Stop Oar and Engine—see page 489. 

*Gear changing position varies—see chart 212. Also chart 228 “Standard Adjustment of 
ing cars." 


3HART NO. 210—Starting Car and Changing Gears— see also pages 50 and 51. 
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Preparing Oar for Service. 


B oo that tires are properly inflated—see 
Bteuetion 41 “inflating tires.” 

PU1 radiator with pure water—if freezing 
lather, use a “non-freezing” solution—see 
ge 193. 

□PHI oil pan of engine with good grade of 
Under oil—until gauge shows full—see 


pages 203 and 204. The oil is poured into 
engine through breather pipe, see upper illus¬ 
tration, page 71 for location of “breather.”** 

Pill grease cups—as per page 204, and 
see that all wire connections are tight—and 
also make sure that there is gasoline in 
the tank.. 


* Starting Bnglne. 


Place gears in neutral: Be sure that the 
Bar shifting lever stands vertical, so that 
o gears are engaged—see page 46. 

Set hand throttle lever: The throttle is 
losed when the lever is "down and opened 
vlien it is at the extreme top (varies; but 
liis is general practice). 

'When starting, the lever should be raised 
ibout one and one-half inches from the low- 
mt position. (This varies on different cars.) 
See chart 213, and page 163. 

tWhen starting the en¬ 
gine, “retard’" the 
spark lever to its lowest 
position. After the en¬ 
gine has started, “ad¬ 
vance” the spark lever 
half way, and leave it 
there while shifting 
gears. 

As a general rule, the spark lever should 
be advanced farther for fast driving than 
for slow driving, and especially should it be 
retarded for heavy, sandy, or up-hill roads 
when the car is running slowly and the en¬ 
gine laboring. When using the low or in¬ 
termediate gears on the hills or in the sand 
the spark lever may be advanced farther 
than when using the high gear. 

When driving over smooth, level roads, 
carry the spark lever advanced three-quar¬ 
ters of the way up the sector for speeds 
between fifteen and thirty miles an hour. 
For speeds above thirty miles an hour, carry 
the spark fully advanced, that is at the ex¬ 
treme upper position. 

Never attempt to accelerate from slow to 
high speeds, in high gear, without first re¬ 
tarding the spark to the half-way position. 

When attempting to pull slowly through 
deep sand or to go slowly up steep hills, in 
high gear, carry the spark not higher than 
the half-way position (also see chart 213). 

Set carburetor air regulating handle (if 
one is provided): The handle usually on 
steering post or elsewhere (see page 169) 
controls the quantity of air supplied to the 
carburetor. When starting in cold weather, 
close the valve. This causes a rich mix¬ 
ture to be drawn in and less air. By a lit¬ 
tle experimenting you will be able to ascer¬ 
tain the best position for warm weather 
starting on your particular car. 

Put switch key in place: The switch is 
usually located on the dash cowl. Insert 
the key as far as possible and give it a 
quarter turn. When released it will lock it¬ 
self into position. 


Crank the engine with starter: If a 
starting motor is provided, push the switch 
down as far as it will go with a firm un¬ 
hesitating movement. Electrical connec¬ 
tion is now made between the battery and 
starting motor and you ean hear the engine 
turning over. Hold the switch down. In an 
instant the sound will change and the engine 
will then be running under its own power. 

Important:—Just the moment the engine 
starts remove your foot from the starting 
switch and be sure that the lever springs 
back into its original position. 

The time required for the operation va¬ 
ries from one-half second under good' condi¬ 
tions when the engine is warm, to from five 
to ten seconds for cold weather starting. 
If the engine does not start within the men¬ 
tioned time, release the starting switch, 
since you will know that something is out 
of adjustment and you are throwing an 
undue strain on the battery. (For full ex¬ 
planation of operation and care, see the 
starting motor instructions, referring to the 
type of motor system, cars are equipped 
with, in Instructions 26 and 26). 

Regulate air to carburetor: When the 
air regulator handle (see page 169) is on 
the starting line, the air is practically shut 
off from the carburetor and the engine is 
drawing a mixture which is very rich in 
gasoline. A rich mixture aids in cold 
weather starting and the car can be drivon 
immediately after the engine starts without 
waiting for things to warm up. However, 
a rich mixture consumes an excessive 
amount of fuel, is conductive of overheat¬ 
ing and causes undue carbonization of the 
engine parts. Consequently, until you can 
get the engine to run on hot or cold air, 
open the air regulator to carburetor gradu¬ 
ally to the left and leave in a position 
where it does the best work. Bemember 
that air is cheaper than gasoline therefore 
rub with as much air as possible, and slight¬ 
ly advance spark lever. 

Close hand throttle: Do not allow the 
engine to race, i. e., run very fast without 
load. Move the throttle lever down until 
engine runs at fairly low speed. When 
leaving the car with the engine running 
the throttle should be entirely closed. With 
a little experience you will be able to as¬ 
certain for yourself the best position of the 
engine control parts for your particular ear. 

Test accelerator: Before attempting to 
put the car in motion, acquaint yourself 



"See foot note bottom of page 489. **See also page 834. {This applies to starting engine by 
hand. Now that starting motors are used, the spark lever can be advanced slightly. 
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How To Change Gears. 


Changing from Low Speed to Second Speed. 

Fig. 2—Assuming the car started and running 
on first speed, before making the change to sec¬ 
ond speed fig. 2, it will be necessary to have the 
car traveling at snch a rate—that the drop in 
speed daring the length of time it takes to bring the 
gearshift lever from theffirst speed position, through 
the neutral gate and into the second—will not 
result in the car traveling so slowly that there will 
be difficulty in the engine picking up the load. It 
will not be necessary to attain a speed of more than 
7 miles an hour to make this change on level ground. 
When a speed approximating this has been attained, 
make the change by a smooth but quick pull on the 
lever. Tou should practice the movement to such 
an extent, that the transverse movement in going 
through the neutral gate movement, will be made 
so quickly that it will hardly be apparent and will 
not interrupt—to a perceptible degree—the smooth 
movement of the gear-shift. In making the change 
to a higher speed, it is necessary that the throttle 
be opened as soon as the gears are meshed. The 
spark is also at once advanced slightly. 


The engine is speeded up until it is 
at the same rate of speed as it would be 
low speed engaged. It will take a little pr 
accustom the ear to judge by the sound of the 4 
whether it is turning over at the correct sp 
not. 

After the engine is speeded up to the pni 
gree, the clutch pedal is depressed, and the < 
gear lever brought into low speed ss at (Of. 
same method will apply In going from seen 
first. 

Trouble in dropping to lower speed on a kfii m 

be averted, if the critical moment at which to mm 
the change is learned. If the driver i 
he may “kill the engine'' and sometimes place to 
self in a very serious position. 


If he tries to make the change too i 
clash gears. 

By changing at the critical moment 

easy, quick change can be made. 


bd 


Changing from Low fipeed to Second Speed 
—on a grade. 

When the car Is facing upwards, it Is a little 
more difficult to be able to judge when the speed 
Is sufficiently great to justify a change from first to 
second speed. The hill may be of such slope that it 
is an easy matter for the car to take it on high in 
ordinary running, but is still steep enough that the 
pause in the gearshifting act, is sufficient to cause 
the speed to drop considerably. In a case of this 
kind the driver should be able to judge just at what 
speed he should throw out his clutch and make the 
change. The steeper the hill the greater will be the 
speed required before the change can be safely made. 

Fig. 3—In going from second to high speed the 
same directions apply, except that the complication 
of passing through the neutral gate is not present, 
and therefore the change is simplified to a slight 
extent. 

In Changing from a Higher to a Lower Speed 
—high to first. 

Fig. 9—In dropping from a higher to a lower 
speed a different set of circumstances will arise 
and a different method will have to be pursued. 

When traveling through traffic It is sometimes de¬ 
sirable to change to a lower gear on level ground 
without slowing down the car. To attempt this 
by de-clutching and putting the lever directly into 
the lower speed notch—in the same way that this is 
done while ascending a hill—would be to invite a 
very noisy clash of the gears. 

Instead: tbe change Is made In three progressive 
steps, as shown In fig. 6 and fig. 1 , and the speed 
of the car is not reduced to any appreciable degree. 

The first movement shown at A in the illustration 
below is to disengage the clutch and carry lever 
forward from high to neutral. This leaves the car 
coasting with the engine running. 

The clutch is now let in and the levers are in the 
position shown at B. Now this is the part where 
the skill is required and where practice is necessary. 

—see further instructions under fig. 11 and illus¬ 
trations below. 



Neutral to Low Low to Second Second to 



High to Second Second to Low High to Nentral 



Above Illustrations explain the movement of itf* 
lever to obtain different changes of gear. For is- 
stance, Fig. 1 shows the change from neutral p* 
tion to first or low speed; Fig. 2, shows change Ire* 
1st to 2nd, and Fig. 3. shows change from 2ad a 
3rd. 



Fig. 11—Changing fra 

“high" to “low.” 

A—clutch out ill 
lever brought to neutn!. 
B—clutch engaged rtth 
gears in neutral sad e# 
gine speed regulated a 
correspond to speed i 
car on low gear; 0- 
clutch held out will 
foot—gear shift lever ii 
then moved back to kf 
gear position and g«r 
change is completed. 


IHABT NO. 211—Pointers on Changing Gears; movement of lever. 

Phe above gear shift was used on early model Overland cars. The later Overland, Willys and Willvs-Koigfet a** 
tnd in fact a majority of the three speed cars use gear shift as per fig. 1. page 490. 


IL 
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ith the operation of the foot throttle or 
cceler&tor. The pedal is usually located 
etween the two large pedals on the fodt 
oards and by pressing down, the engine may 
>e speeded up, but when released it will 
pringg toack, slowing down the engine to the 
peed, allowed by the position of the hand 
JiTottle on the dash. Note how quickly 
the engine responds to the pressure of the 
foot. The success you will have in mak- 
ing gear changes, will largely depend upon 
the sensitiveness ot your foot pressure. (See 
fig- page 154, for explanation of an ac¬ 
celerator—see also chart 213). 

Starting car and changing gears—see chart 
210 and 211. 

fTo Stop Car. 

Bemove foot from accelerator to slow 
down engine and disengage clutch by push¬ 
ing left pedal forward. Then apply the 
brake by pushing forward on the right pedal. 
When the clutch is disengaged the engine 
power ceases to drive the rear wheels, but 
the car will continue to coast, due to its 
momentum. The foot brake is used to over¬ 
come this momentum and should never be 
applied against the power of the engine, i. 
e., when the clutch is engaged. Do not 
slam down on the brake pedal and lock the 


rear wheels, for this not only shows lack of 
good judgment but is extremely hard on 
tires and may cause disastrous skidding. An¬ 
ticipate the stop to be made far enough in 
advance, to enable you to bring the car to 
a gradual stop. 

Before letting back on the clutch pedal 
move gear shift lever into neutral position. 
If you fail to do this the car will start 
ahead when the foot is removed from pedal 
and the engine is very apt to stop running, 
i. e., * * kill the engine . 9 9 

Emergency stop: Push both pedals for¬ 
ward and at the same time pull back as 
hard as possible on the hand or emergency 
biake lever. Do not get excited and pull 
back the gear shift lever. Bemember, the 
brake is the longer lever furthest from you. 
(See fig. 1, chart 210). 

If the road surface is wet and slippery 
a greater braking effect may be had by 
pushing in on the foot brake pedal inter¬ 
mittently, i. e., hold the brake pedal down 
for an instant only, then release and applv 
again. Keep doing thiB until the car is 
brought to a stop. If the brake is con¬ 
stantly applied the rear wheels will be 
locked and traction will be lost. 


To Stop the Engine. 


Turn switch key to “off” position. At 
the same time press the accelerator pedal, 
thus opening the throttle after the spark 
has been cut off and allowing the engine to 
draw in a rich mixture while coming to a 
stop. The gas drawn in will remain unex¬ 
ploded in the cylinders and greatly facilitate 
future starting. See page 321. 

Be sure the clutch is thrown “out” or 
gear shift lever in “neutral” position when 
• stopping engine. 


To stop the engine In cold weather so that 
It can be restarted easily, shut off air to 
carburetor by moving the air regulating 
handle in a right-handed direction to start¬ 
ing position. If this in itself does not stop 
it, then push in the switch key to short 
circuit the magneto. 

When leaving the car, always remove the 
key from the switch, so the engine cannot 
be started without your knowledge. 


♦♦Running 

4s£n setting up and starting any new piece 
of complicated machinery, you would expect 
to watch it pretty closely and go a little 
easy until its various bearings, parts, etc., 
had become thoroughly “worked in.” An 
automobile is no exception to the rule. 
While every bolt and nut in the automobile 
is drawn tight, and secured with either cot¬ 
ter pins or lock washers when the car leaves 
the' factory, nevertheless it is advisable 
to go over a few of the more important 
points and make sure Jhat everything is in 
perfect shape, (see pages 203 and 651, “run- 
. ning in” a new engine.) 

The folowlng points should receive your 
special attention, during the time the car is 
being driven the first few hundred miles: 
Between the upper crank case and the oil 
pan, there is usually a gasket, see page 62 
and 64. During the first few days of service 


a New Oar. 

the gasket may become slightly compressed, 
thus loosening the crank case to oil pan¬ 
bolts, consequently go over the nuts on the 
bottom of the oil pan with a wrench and 
tighten them up. Drive a few days and 
try them again. Continue to do this until 
the gasket has become fully compressed and 
the parts have settled into permanent work¬ 
ing position. If you will take this precau¬ 
tion the joint will be absolutely tight and 
you will never have any trouble, such as, 
loss of oil or water and dirt being washed 
into the oil pan and then circulated with the 
oil through the bearings, causing excessive 
wear and cutting. 

At first, occasionally go over all of the 
bolts (illustration E, page 64), that hold the 
engine to the frame, and see that they are 
kept tight. If you find them perfectly tight 
after inspecting them two or three times, you 


♦Starting engine by opening switch is unusual but it is obvious that the idea of flooding the car¬ 
buretor is to obtain a temporary enriched mixture, but the value of the flooding is lost if it be done when 
the cylinder and induction pipe are full of mixture, any gasoline vapor left in thia overnight having 
• long since evaporated. 

If the engine bo turned over a few times with the switch off, the air is expelled, and a thin mixture 

of air and gasoline Inhaled in its place. Flooding then gives a temporarily rich mixture in the cylinders 
tnd the engine will start at the flrat trial with switch on. Also see page 153. 

tSee also page 405. **8ee pages 208 and 651. 
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Fig. 9—Tba Ford—L, is the high 
and brake lever; 0—clutch pedal; S—a- 

verse; B—brake pedal; 8-spark !«r 

T—throttle lever. 


Gear Shift Movements. • 


The three gear shift principles In general use are 
shown in the above illustrations. The one other 
type, fig. 9, is the Ford, which is also explained 
under the Ford instruction. 

Three speed gate type: The gate selector is 
plainly shown in G and Gl. The gear shift lever is 
shown in neutral position. By moving this lever 
to the side, then forward or backwards the dif¬ 
ferent gear shifts are obtained. Note in G, the 
first or low speed is obtained by moving the lever 
back, on the left side, whereaB in Gl, first speed 
is obtained by moving lever backwards to the right. 
G is the 8. A. E. Standard fig. 1, below, and 
is used most. 

The ball and socket type gear shift: Is shown 
in B and Bl. This principle, is also explained on 


page 49. The lever in this principle a&ifu at 
gears in precisely the same manner as in the pm 
type selector, but instead of a gate, the ball si 
socket is used to obtain the various mevaeMsls 

When in center position, lever is in “neutral'’ 
Note in B, to obtain first or low speed, lew ■ 
shifted backwards, to the left, whereas is Bl i 
is shifted backwards to the right. The bah tad 
socket type, is the one most cars are equipped via 
at the present time and B. corresponds with th 
8. A. E. Standard fig. 1 below and is used mmL 

Four speed gate type selector: The Pieree-Azxw 
gear shift is illustrated in A. This principle cor¬ 
responds with 8. A. E. Standard, fig. 2 below m 
also page 500, fig. 22 for Locomobile four 
gear shift. 


**S. A. E. Standard Gear Shift Movements. 


The gear shifts as recommended by the 
Society of Automotive Engineers are illus¬ 
trated as follows: 

Fig. 1 — Three speed 
movement; R—is reverse; 
2—intermediate or second 
speed; 1 — low or first 

speed; 3—third or high 
speed. Note reverse and 
second speed are forward 
Fig. 1—3 speed, movements. 




Fig. 2—Four speed move¬ 
ment: This corresponds 

with Pierce-Arrow t above 
(A) and Loco, fig. 22, page 
500. Note the reverse is 
a further movement in 
slot with 1st speed move¬ 
ment. 


Fig. 3—Four speed; same 
as fig. 2, except the reverse 
(R) is in a separate slot; 
to the side of the 1st 
speed (1). 


Note difference is 
in reverse. 


Four-speed transmissions for motor trucks shal l law 
gear-shifts so arranged that the lever-handle po sfri— 
for forward speeds are as shown in flgn. 2 and 3. Tto 
high-gear (or 4th speed) position corresponds with ikd 
for three-speed transmissions (8—fig. 1). and low-jw 
(or 1st speed) position corresponds with reverse (U 
for the three-speed transmissions 

The location of reverse position is left optional, i 
may be as arranged in figs. 2 or 3, or could be is » 
separate slot as per fig. 8, but in rear instead of trtas 
—which is the method as used on the Gaxfoxd trsd 
and many others, but there must be protection ky * 
latch or equivalent against accidental engagement d 
reverse. 



•How To Use A 
Starting Gnat 
Fig. 12 — AMI 
pull up oa a start!* 
crank — never pe* 
down. With the cmk 
hanging straight 
down, push it is a 
far as possible mi 
turn In a right-bisi 
ed or clockwise A 
rection until it catches. 5c* 
pull crank over against the 
compression at quickly as pw 
sible by giving ft a quarter* 
half-turn in the right hand A 
rection. The engine sbesH 

«U3H.w to Hold tt. <*«*. !*£*• “°L 

Proper method to grasp f, er •* l ia three OT ft* 

handle of starting crank. If times, do not tire TOWSelf * 
started by band, otherwise see by continually cranking. 
electric starting instruction thing is in need Of SttestMB- 


Analyse the cause of tnmkk 
in the manner outlined in “digest of troubles** b 
strnction 43, and remedy accordingly. 


! 


I 


i 


CHART HO. 212—Gear Shift Movements Explaining the Difference between the Gate and Bin d \ 
Socket Type—see also pages 49, 496, 497 and 543 to 546. S. A E. Standard Gear Shift Movt—B I 


•Th© starting crank is now seldom used but occasionally it is necessary, therefore instructions are gives a* 
matter of information. ••The gear shift of the A and B Army Truck is as per fig. 8 and 1. 








OPERATING A, CAR. 


481 


ieed never fear that they will loosen up. 

Xt is advisable to put a wrench to all nuts 
:>xx different parts of the car and make sure 
tin cat they are perfectly tight after it 
lasts been driven a hundred miles or so* 
When they have once been screwed up as 
tightly as possible and the car has been 
'fclaoroughly “run in,” there will not be 
so much danger of loosening up and caus¬ 
ing damage. 

Spring clips fig. 8 (upper illustration), 
page 26, will loosen if the nuts on the clips 
care not tightened ocasionally. It is very 
important to tighten these nuts often. 
Fender bolts also demand attention. The 
universal joints should be kept well sup¬ 
plied with grease, see bottom of page 43. 

Imbrication of a new car. It is needless 
-to remark that lubrication is one of the 
most important things to look after on a 
new car. All parts should be thoroughly 
lubricated and greased as directions pro¬ 
vide on page 196, and follow along the lines 
as there suggested. In the absence of direc¬ 
tions from the maker study the lubrication 
subject carefully. Bemember one thing— 
cheap oil will cost ten times more—maybe a 
hundred times more in the long run, in the 
way of repairs. The best oil is none too 
good. 

Draining oil from engine: When the 
engine is assembled every part is cleaned 
as thoroughly as possible but in the early 


stages of service, small metallic particles 
may be shaken or worn off the engine parts, 
falling into the oil reservoir. Consequent¬ 
ly after the car has been driven about two 
hundred miles drain out all of the old 
oil as per directions. Bee also page 201. 

After having drained the crank case and 
transmission case, rinse out with kerosene, 

replace screw plug in the oil reservoir and 
pour the kerosene through the breather pipe, 
if so equipped using a gallon or more. With 
switch plug removed, push in on the starter 
pedal so that the engine turns over rapidly 
for ten or fifteen seconds. By running the en¬ 
gine with the starter for a very short inter¬ 
val the kerosene will be forced through the 
entire oiling system, flushing it out and then 
running out the lower drain plug hole, which 
should be left open. Drain out the kerosene 
very thoroughly, and then replace all pings 
and refill the oil reservoir. The transmission 
will be refilled by the fly wheel as soon as 
the engine starts (if it is a unit type). The 
oil will then lower and no doubt more oil 
will be necessary. If you wish to derive the 
best results from the oiling system, this op¬ 
eration should be repeated after the car has 
been driven another five hundred miles or 
thereabouts. After this the oiling system 
needs to be rinsed out only once every thou¬ 
sand miles and it will require no other atten¬ 
tion since now the oil is bound to be clean 
and it is positively circulated to every mov¬ 
ing part with little chance of failure. 


ttmi Climbing. 


Until you have become thoroughly fa¬ 
miliar with the operation of the car, and 
have mastered the things necessary to make 
a good driver, do not attempt to climb 
every hill you see* 4 on high,” because your 
neighbor possibly has said that his car 
would do it. There can be nothing more 
detrimental to the' engine and driving parts 
than to try climbing every thing on “high.” 
The first and second speed gears are placed 
in the car for a purpose, and if the hill that 
you are approaching is at all steep, shift 
into “second” a little before you are really 
( on the hill. Do not try to go into “sec¬ 
ond,” however, at any time unless the 
speed of your car has been reduced to the 
pace at which the second speed would carry 
you if it had already been changed. Many 
accidents, and serious ones, have resulted 
from a driver attempting to rush a hill * * on 
high,” getting half way up and having the 
speed of the engine so reduced that when he 
came to shift into low it was too late; the 
engine would not accelerate sufficiently to 
carry the car up on low, and possibly the 
brakes were not working just as they should, 
the result being that the car would back 
down the hill faster and faster, until it final¬ 
ly landed in the ditch. Backing down hill 
with brakes is a task for a skillful and 
experienced driver and even he cannot guar¬ 
antee a good job. It is a most confusing sit¬ 
uation and requires instant good judgment. 

The secret of successful hill climbing is 
to at all times keep your engine running a 
little faster than its work requires it to 


run, i. e., keep it * ‘ahead” of its work so 
that it is ready for extra duty without stall¬ 
ing at the critical moment. The foregoing 
does not mean that it is impossible to climb 
many hills “on high,” but it is best not to 
try until you are sure of yourself and of 
your ability to get into second, or even 
first if necessary, halfway up the hill, and 
also to determine from the sound of the 
engine whether it is “working hard.” If 
you must go into a lower gear on a hill, shift 
with a quick, firm movement anC take care 
not to let the momentum of /our car be 
reduced any more than is absolutely neces¬ 
sary. Every second that you have the 
clutch disengaged on a hill for gear shifting, 
counts, as the car slows down at a very 
surprising rate. 

If in climbing a hill on “third,” the 
engine has been stalled before reaching the 
top, it may require considerable skill to 
start from your standing position on tjie in¬ 
cline. Immediately upon finding yourself in 
such a predicament, apply the emergency 
brake with all your strength and be sure 
that the brake ratchet catches, then throw 
the gear shifting lever into neutral. After 
starting the engine again, push out the clutch 
(leave the hand brake still on), push the 
gear lever into first speed and slightly race 
the engine (the only time it is permissible, 
excepting when in a mud hole or the like)— 
take hold of the hand brake and keep the 
engine speeded until the brake has been 
entirely released, the dutch entirely en¬ 
gaged, and a safe start has once more been 
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made up the hill. Experience is the best 
possible teacher where there is a considerable 
amount of hill work to do. 

Learn to drive your car by ear. Learn 
what the different little sounds that vary 
under different running conditions mean. If 
the speed of your engine has been so re¬ 
duced by running through a heavy stretch 
of sand, that you can almost count the 
explosions and at each impulse you feel the 
whole car jar, you can rest assured it is high 
time you went into a lower gear and let 
your engine do the hard work a little more 
advantageously. No matter what the power 
of your car; hills, sand and hard work have 
to be met very much the same way. Ke¬ 
rn ember, keep the engine ahead of its work 
and at the same time do not “race” it 
unnecessarily. 

♦In descending a long MU it is possible, 
even advisable to use the engine as a brake, 

and if the hill is not too steep, the descent 

Points to Bemember 

Starting by hand: This sounds ancient, 
but no doubt there are many of the older 
models of cars with hand starters still in 
use, therefore as a matter of “informa¬ 
tion” we will devote a few lines to the sub¬ 
ject. 

Grasp the starting handle as shown in 
H- 13, chart 212; that is with the thumb 
on the same side of the handle as the 
palm. Never bear down on the crank. 
You may do it safely many times, but you 
incur the risk of a kickback; so don’t do it. 

Cranking is not an art, but simply a 
“knack.” You will realize this better after 
you have seen some one physically much 
weaker than yourself start an engine 
that you seemed totally unable to throw 
over by main force. Get the fly wheel 
to rocking to and fro, until with a 
last, powerful acceleration the piston is 
carried over its compression by the momen¬ 
tum of the fly wheel as well as by the pull 
of your arm. A new engine always turns 
over somewhat stiffly, because all bearings 
are closely fitted, to insure long life. After 
a little while, it will * ‘ loosen up. ’ ’ 

If it does not start on the first upward pull, 
because the cylinder walls are still cool, or be¬ 
cause the first and incomplete suction stroke has 
not brought sufficient gas from the carburetor 
into the cylinders, repeat the operation once or 
twice and the engine will start at a lively pace; 
otherwise see "Digest of Troubles." 

Control of the speed of engine: (See page 
67 %nd chart 213.) The throttle lever con¬ 
nects to the throttle on the carburetor. By 
opening the throttle lever, more gas is per¬ 
mitted to enter the cylinder and consequent¬ 
ly more speed. 

To Increase the speed of an engine, the 
usual procedure is to open throttle and as 
the throttle is advanced, gradually advance 
the spark. 

To decrease speed, retard spark and throt¬ 
tle. When the spark lever is moved, on 


can be made without resorting to the meet 
the rear wheel brakes. To accomplish tfa, 
shift into first or low gear, close the thr&tm 
and leaving the gears and clutch engaged, 
open the ignition switch to stop the ti p— 
from firing. As the car coasts the rear 
wheels will be forced to turn the ovs 

against compresson in the cylinders, beer* 
the braking effect. By opening the throttle 
the resistance is still further increased. Th» 
maximum of resistance and the best contrail 
on a dangerously steep hill may be obtained 
by shifting into first, switching off of the 
ignition, and applying the brakes at izztw- 
vals. Just before reaching the bottom «? 
the hill, with the car still moving at a fair 
pace, close the ignition switch and the m- 
gihe will start firing again. 

On a long descent, when yon find it nsem- 
sazy to use the brakes, apply the sad 
foot brakes alternately, to avoid bnmbf 
out the brake linings. 

In Operating a Oar. 

the steering wheel, it in turn moves the 
timing device, or commutator, or contact 
breaker; either advancing it so that it will 
make contact early, or retarding it so that 
it will make contact late. It is possible to 
often times govern the speed of an auto- 
mobile when a small amount of gas is being 
used, by advancing or retarding the spark. 
In * f advancing, ’ ’ the speed is increased and 
in “retarding,” the speed is decreased. 

The Accelerator. 

There is another pejlal which also per¬ 
forms some of the functions which so far 
have been taken care of by the hand throt¬ 
tle lever, and this other pedal is the so- 
called “foot throttle or accelerator.” It if 
located in the neighborhood of the right 
foot. Pressing it down opens the throttle 
and a spring tends to close it as soon as the 
pressure against it is discontinued, as illus¬ 
trated on page 154, and fig. 23, page 497. 

The hand throttle lever and the accelera¬ 
tor are inter-connected. See fig. 4, page 
154. Advancing or retarding the hand 
throttle lever will move the accelerator 
down or up. But pressing the accelerator 
will not actuate the baud throttle lever. It 
is therefore possible to set the hand throttle 
lever for any desired minimum speed and to 
this minimum speed the foot throttle, or ac¬ 
celerator will conform. For instanee, should 
you first set the hand throttle so that the 
car would proceed at the rate of, say, twen¬ 
ty miles an hour, and then use only the ac¬ 
celerator, the latter will not dose the throt¬ 
tle below the mark for which the hand throt¬ 
tle is set. 

In operating the car it is possible to am 
either. Using the accelerator gives greater 
freedom to the operator’s hands. The hand 
throttle lever is used in starting, and ia 
touring as an occasional relief, to rest the 
foot at times when the ear is run considera¬ 
ble distances without material changes in its 
speed (see chart 213). 


*In other words the car will run the engine, and owing to the fact that yon are in low the gw 
ratio is such that the car has the long end of the lever, to get an idea of what this means; jack W 
the hind end of your car sometime and put it in low; then try to turn the rear wheels. 
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^Importance 

^Othm clutch of an automobile is a device 
means of which the power of the engine 
the driving mechanism may be Con¬ 
or disconnected at the will of the 
aver. This particular part is probably 
vas«d more than any otjher part of the car, 
mad a careful study of its purpose and 
principle is advised. Though the device 
le simple and its use plain at first glance, 
the dutch, nevertheless, lends itself to a 
number of skillful uses in the hands of the 
experienced driver. Bemember to always 
* * throw out’* clutch before changing gears, 
chart 210, and pages 37 to 44. 


"When the clutch is 44 let in, * 1 or en- 
gaged, this should at all times be done 
smoothly and so gradually that the motion 
off the engine shaft is transmitted to the 
drive shaft without jarring. 

A suddenly let-in dutch will do one of 
two things; either rack the mechanism of 
'the entire car, or stall the engine. With a 
little practice the left foot may be schooled 



Fig. 4.—Correct and incorrect positions in 
driving* 1—Fierce grip, a bad method: 2—Cor¬ 
rect hold for forward movement; 8—Finish of 
forward movement; 4—Alternative grip suitable 
for many gears; 6—Awkward hold of wheel; 
6—Proper and comfortable hold; 7—Wrong foot 
position; 8—Nervous, uncomfortable position; 
9 — Careless, lounging position; 10 — Correct 

* 'scat.** <Popular Mechanics.) 


of the Clutch. 

to let the clutch in quickly, yet gently and 
smoothly. 

When you meet a stretch of road covered 
with sharp, broken stones, it is an excel¬ 
lent plan to speed your car a little before 
you reach the stones and then disengage 
your dntch, permitting your car to coast 
over the bad spot. By shutting off the 
driving power you protect your tires against 
a very destructive action, termed the 
“traction” Which otherwise would be set 
up between the sharp stones and the tires. 

When reversing, remember to bring the 
rear wheels to a dead stop before letting 
the clutch in. Complete familiarity with 
the motions of going from one speed to 
another and back again should also be ac¬ 
quired before attempting to run on the *open 
road, see pages 51 and 488. 

When the control of the engine and 
change speed gear la well understood, the 
first run on the road may be made, but 
first study the rules of the road (page 502). 

Instructions on Steering a Oar. 

The positions to assume in steering or 
driving a car %re shown in fig. 4. A very 
slight movement of the steering wheel or 
lever is sufficient to turn the car, and too 
sudden a turn may cause an upset. 

Select a straight road, as wide as pos¬ 
sible, and with the engine running slowly, 
^ throw in the low speed. The car will move 
forward slowly, and it will then be neces- 
sary to steer. The first inclination will be 
tpr to grip the wheel as tightly as possible, but 
after a little running a light grip will be 
found sufficient. At this stage it«ris neces¬ 
sary to learn self-control first and not to get 
rattled. 

If the car begins to run off the road, or 
into an obstruction, throw out the dutch 
and apply the foot brake so that it comes 
,to a standstill. When the excitement has 
died down, try again, and it will not be 
long before steering comes easily. 

There is no time lost between the turn¬ 
ing of the steering wheel and the turning 
of the car; when taking a corner do not 
move the wheel until the car is at the 
point where turning is necessary. 
tPointers on Changing Gears. 


When taking your position In the car, 
place the speed gear lever in the 4 4 neutral ’ ’ 
position, release the brakes, “throw out” 
the clutch. Practice pressing the clutch 
pedal and releasing it, until the feel of it 
L understood, (see fig. 1, chart 210). 

The clutch pedal should be depressed 
sharply, and released slowly, which throws 
out the clutch quickly, and throws it in 
slowly. Do this a number of times, until 
it becomes natural and well understood. 


Always let the dutch in slowly. The 
clutch must be permitted to take hold grad¬ 
ually—let it slip a little at first, to pick up 
more and more of the load, so that finally 
it turns the wheels steadily. When the 
clutch has taken firm hold, throw it out, 
and move the control lever back to the 
neutral position. 

These motions should be gone through a 
number of times, until familiarity with it 
makes the gears and clutch go in and out 
of engagement smoothly. 


Speed up the engine slightly, throw the 
dutch out, and move the control lever 
forward to the notch that indicates the 
slew or first speed. 

tBy referring back to instruction Vo. 6, on pages 48 and 51, 
can be obtained; see also page 488. See also, foot note page 662. 

*I«6arn to drive by throttling the engine Instead of constantly throwing dutch out. 
driver uses the clutch ibout twice as much as he should. 


Get the wheels going on low speed, and 
then move the control lever to the inter- 
additional pointers and information 

The average 
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mediate or second speed. Always throw 
clutch out with foot pedal before changing 
speeds. 

When the change from low to second 
speed is well understood, and can be per¬ 
formed smoothly, move from second to high, 
increasing the speed of the engine sufficient¬ 
ly, and being sure to first throw out the 
clutch. # If the gears do not go into mesh 
easily, but grind and growl, try it over 
again, coming back to low speed first. Never 
try to force them, but make the change 
quickly. * 

When running fast, never suddenly make 
a change from high to a lower speed. This 
change must be made when car has slowed 
down and it is evident that the engine 
will not pull the grade on 4 * the high speed. 
The gears, however, can be changed from 
first to second and second to high when 
engine is running moderately fast. 

The usual plan is to start the car off 
on low speed, then after car is in motion, 
change to second, and when car is well 
under way, then to high speed. 


The low speed and second speed are usd 
principally for starting a car off and far 
climbing hills most of the running beiaf 
on high speed. 

When running on low and second speed, 
the engine speed should be as low as pee 
sible, to keep it-from overheating. 

A car is usually run on high speed, be¬ 
cause then the engine is running slowly is 
relation to the speed of the car. 

The best driver gets the greatest distance 
with the fewest revolutions of the englm, 
which means less wear, and less fuel sad 
oil. 

The lower speeds are principally neces¬ 
sary for hill climbing, for which the engiae 
must have more pull or better leverage ea 
the wheels to take the car up. 

As the ear ascends the hill, the eagxae 
will begin to slow down as it feels the load. 
Retard the spark gradually, giving more 
gas to keep engine working smootUy, bat 
when it slows down and shows signs of dis¬ 
tress, it is time to change to second speed. 


Coasting. 


Coasting mountain roads. Whenever you 
approach a long and steep grade, it is best 
to shut the throttle, switch off the igni¬ 
tion, put your gear speed lever into first 
speed and allow the car to run the engine.t 
This is better than using the brakes. As it 
gives you absolute control of the car at all 
times. 

If the grade is long and steep, use the 
foot and emergency brakes alternately. 
This equalizes^ the wear on them. 

While the speed of the car in going down 
hill may be kept under control by the 

How to use 

When the brakes are suddenly applied 
with full force to the wheels of a car speed¬ 
ing along at the rate of say, thirty miles 
an hour, the braking action will be so 
powerful as to stop immediately the rota¬ 
tion of the driving wheels—but the car will 
not come to an immediate standstill; its 
momentum will send it forward- and the 
locked rear wheels will slide over the ground 
with most destructive effect on the tires. 

When you consider that in railroad prac¬ 
tice the so-called “flat wheel” is produced 
by too sudden braking, you will be able to 
appreciate the effect which a similar prac¬ 
tice must have on the soft rubber tires of 
an automobile. 

Bear in mind, therefore, that the best 
method of using the brakes is that which 
applies pressure on them so gradually that 
the forward movement of the car and the 
rotation of the wheels come to a stop to¬ 
gether. See pages 492, 28 and 29. 

Nothing is more severe on a car than the 
spectacular stopping often indulged in, by 


brakes; the engine can also be used as s 
brake. The engine is then being driven by 
the forward movement of the car. Tbs 
effect is to convert it into an air compressor, 
and the resistance it will present wUl keep 
the car in check on all but the steepest hills. 
This will also have a cooling effect on ike 
engine and save the brakes, which on a long 
hill are liable to be burned and ruined. 
The switch should be turned on again, how¬ 
ever, before the bottom of th'*. hill is 
reached so that the engine will start to 
run again under its own power. 

the Brakes. 

ignorant drivers, in an effort to “show off ” 

The careful driver shuts his power off 
before he reaches the stopping point asd 
permits the car to carry him along on its 
momentum, bringing it with a gradual ap¬ 
plication of the brakes, to a halt at the 
exact spot. 

Although the foot or service brake msy 
be used to slow the car down while the 
clutch is in engagement, it is poor practice 
to do so and would burn the brake lining. 

Whenever it becomes necessary to slow 
down, release the clutch first; that alone 
will have an immediate slowing-down effect 
on the movement of the car, becanse it 
disconnects the power. If additional check¬ 
ing is needed, apply the foot-brake or, for 
a quick stop, the foot and emergency brakes 
together. To make it plain the dntch pedal 
goes down first, the brake pedal next. 

If a full stop is not desired, merely s 
temporary slackening of the speed, release 
the brake pedal first, then let dutch pedal 


*8ee charts 311 end 312 and study the change of gears and operation of the selector law. 

tNote: This plan is need only in an emergency. The pistons have a tendency to draw gasoline 
into cylinders which works down into crank case and thins the lubricating oil. 
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e«me up. If you did the reverse, the engine 
'would be compelled to pull against the 
'ft>xake, with consequent rapid wearing down 
o:f the brake lining. (See also " brake ad¬ 
justments, ’ ’ in the repair subject.) 

No motorist is qualified to give his car 
best care until he has mastered the con- 
trol of the gears and of the brakes. 

SUpplng brakes are usually caused by oil 
wrorking out the rear axle onto brake lining. 

i 

If the Brakes Fall • 

If the engine stops while descending a 
Ill'll, the brakes should be thrown on at 
once to keep the car under control. If 
poor adjustment of the brakes renders them 


insufficient for this, then place gears in 
low speed, this will tend to check the car. 
It is then a matter of steering the car to 
best advantage. If ascending a hill and 
engine stops and brakes fail, try putting 
gears in reverse. This will then turn the 
engine in right direction and ought to start 
it. It may be possible to steer it—owing to 
its extremely slow speed—off the road into 
a bank or other obstruction that will stop the 
car without much damage to it or its occu¬ 
pants. 

Situations such as this require a cool 
head and steady hand, and the more ex¬ 
perience in operating the driver has, the 
greater are the chances for handling it in 
the right way. 


♦Stopping a Car. 


Stopping a car on an up grade and start¬ 
ing again requires skill, for the brakes 
must be # withdrawn and the clutch let in 
at the same instant with one movement. 

Until this skill comes through experience, 
the best thing to do when this is necessary 
ia to block the wheels with stones or pieces 
of wood. 

The beginners’ idea of stopping is to 
throw off the power and put on the brakes. 
'While this will of course, produce the de¬ 
sired effect, it is not correct, for it would 
rack the car and damage the tires. The 
car is heavy, and when moving tends to 
keep on moving, so that its stops must be 
gradual. 

To stop, first retard the spark and throttle, 
to keep the engine from racing when re¬ 
lieved of the load. Make up your mind just 
where the car is to stop, and throw out the 
clutch a sufficient distance ahead, for the 
car to come to a stand of its own accord. 

Brakes should be applied suddenly only 
when it is absolutely necessary, for they 
are powerful enough to lock the wheels and 
make the car slide. Sliding grinds the 
tires and means their quick ruin. The 
flashy driver, who brings his car to a sud¬ 


den stop, is piling up a big repair bill. 

When the brakes are to be applied, pres¬ 
sure should be brought on them gently at 
first, being increased gradually so that the 
car slows down gently. 

It is easy to learn to estimate the dis¬ 
tance at which a car will come to a stop 
when the clutch is thrown out, so that the 
coasting of the car may be utilized in slow¬ 
ing and stopping it. 

When stopping, get into the habit of re¬ 
tarding the spark and throttling the mix¬ 
ture. By opening throttle just before shut¬ 
ting down the engine (with clutch out) start¬ 
ing the next time will be easier, as you are 
filling cylinders with gas. 

If only a short stop is to be made, the ^ 
engine may be kept running at its slowest 
speed, called "idling,” but if the stop is 
to be for some time, cut off the ignition. 

For a quick emergency stop, bear down 
on your foot clutch and foot brake pedal, 
at the same time pull back on the emergency 
brake, chart 210, fig. 1. The foot brake 
pedal (called the running brake) will do 
for all ordinary purposes and the emergency 
is used only when a quick stop is desired. 


♦♦When the Car Skids. 


Although the driver feels helpless at first, 
a little experience will soon give him confi¬ 
dence. Most skids can be corrected by the 
manipulation of the steering and brakes. 
An expert driver can keep his car straight 
under almost any conditions, but it is im¬ 
possible to explain just how he does it. 
Usually the rear end skids first, and in the 
right hand direction, this being caused by 
the crown of the road. Under Buch condi¬ 
tions, the skidding action will be aggravated 
if the brakes are applied, and the car may 
be ditched or continue to skid until it hits 
the curb. 

The correct action in an emergency of 
this kind is let up on the accelerator pedal 
to shut off the power; but not entirely so, 
or it will have the same effect as putting 
on the brake. If the car seems to right 
itself, the power may be applied graduidly 


and it will be advisable to steer for the 
center of the road again. However, if the 
ear continues to skid sideways, steer for 
the center of the road, applying the power 
gently. This will aggravate the skid for 
the moment but will leave you with the 
front wheels in the center of the road and 
the car pointing at an angle. By so doing, 
you can mount to the crown of the road 
again and the momentum of the car will 
take the rear wheels out of the ditch on 
the right hand side. It is customary to 
advise turning the front wheels in the di¬ 
rection that the car is skidding, in order to 
correct the action, but this can hardly be 
said to be true in all cases, it holds good 
where there is unlimited side room, but usu¬ 
ally the car hits the curb or is in the ditch, 
before you can. straighten it out with the 
steering wheel. 


*See also page 489. **Seo page SSI. 
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Spark and Throttle Lever Movements- 


np fro tys 



NO.I- UP- TO OPEN ANO 

ADVAHftz 



The spark and throttle lever need on most cars, move 
throttle and advance the time of spark—as in fig. 1. 

Some of'the can using the up movement are: Jeffery - rrjt. 
Studebaker, Saxon, Paige, Regal, National, Pullman, Moon, \V>?tcott Oat 
land, Olds, Allen, Hnpmobile, King, Mitchell, Ohalmers and Scdies. 

Some few cars use the down movement as in fig. 2: Haynes S; n 
Maxwell, Ohevrolet, Ford. 

Dodge, Marmon and Oadillac the levers are arranged differently, 
principle is the same. 

The Packard spark lever moves from the left, up, to advance, and v* 
throttle from the right up, to open. 

The Pierce spark and throttle lever movement is shown in fig - . 10. 

White spark lever moves down to advance. Throttle moves up to epo. 

Locomobile spark lever (54, page 500); when pulled as far back w a 
will go is fully retarded. When' pushed forward, it ia advanced- Fw 
driving between 15 to 45 miles advance the spark % advance, below it* 
speed retard to % advance. Above 45 milea, full advance. t ate 
page 497.) 

Franklin has but oue lever (throttle) which moves up to open. Ti* 
automatic advance of spark takes care of the spark advance. pace *4A 


N0.2-t>0\rtN-7» OPEtj A NO 

mMia 


Where automatic spark advance la used, the spark lever ii 
advanced \ of the way and the automatic advance takes care of fsrtfca' 
advance, at higher speed it is advanced full. Where automatic advance m 
used sometimes, there is no hand spark lever at all. 

Accelerator: After engine is started, the throttle lever is opened jvsi 
enough to keep engine from stalling and variation of speeds is made wit* 
the sccelerstor (see page 497, 164, 492). The spark advance is ibom 2,3 
advanced. 






See page 500. Dotted lines show positions 
of spark and throttle levers in various run¬ 
ning conditions. 

Ignition timing; 04—set magneto fully 
retarded, piston 1 " after top; battery ig¬ 
nition; set breaker box from full retard 
and piston on top. B4—-set magneto re- 
piston after top; battery ij 


tardea 


. igni¬ 
tion same as 04. A4—set magneto retarded, 
piston after top; battery ignition 

from full retard with piston after top. 
Firing order, 1, 5, 3, 6, 2, 4. (see page 
849 for electric system). • 


Oadillac spark and throttle move 
left to right to advance. 





Ohevrolet gear shift: LR—left rear; RF—right forward; 

RR—right rear; LF—left forward! 


BABT NO. 218—Spark and Throttle Levers. See page 542 for Gear Shift Movements of Lead- 
ig Cars. See page 499 “ Willys-Knight; ”—this illustration gives the average position of leven 
different speeds. 











































OPERATING A CAR. 


4f 



—Steering wheel 16—Lock ring for No. 

— Sp ark advance lever 14. 

-Hand throttle lever 16—Steering worm 
—Air adjusting collar 17—Worm wheel 

—Accelerator pedal 18—Spark advance 

—Outer casing mechanism 

—Steering shaft 10—Hand throttle 

—Quadrant bracket mechanism 

tube . 20—Steering worm 

—Throttle tube housing 

—Spark advance tube 21—Oarburetor air ad* 
—Steering column justing rod 

1>racket 22—Grease plug worm 

—Adjusting ring for sear housing 

roller bearings 23—Inlet pipe to cyl¬ 

inders 



Overland dash and control units—It is prac¬ 
tically the same on all Overland cars—except 
model 90 and Country Olub models, which have 
“ball” gear shift, whereas others have the 
“gate” type per page 49, fig. 2. See page 49 
for gear shift movement; page 358 for electric 
system. Also page 254 for thermostat of igni¬ 
tion system. 



aimers gear shift, is S. A. E. three speed 
ndard; fig. 1, page 490. 


KART NO. 214—Gear Shift Movement* and Instrument Arrangement on Dash of Some of th 
lading Oars, (see “Standard Adjustments of Leading Cars,” page 542, for Gear Shift on other cars] 
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Throttle Horn Ignition 

Switches Bittfin Switches 

^Sl InstmtneiH 

/V , , Board 

/ ^/\/ / Li e ht 

vOil 

A \ ■> p- / X V/ - ~ S 


lamp oil wrrm icnedow 


rRANKUN 


OLDSMOMX 


IITCHEU 

trl6 


Battery 

Charging 

Indicator 


Carburetor 

Control 

Button 


Spark 

Level 


aspl— tmg- 


HUPMOMI 


iprcDQtftTEf 

opontitF iFTTEXTwmr 


PACKARD 


Praia: 


^1>PTTNV 


ynren*L 

CQL L JHti 


c*rrcpr 


glaum* 


wimip 


PAIGL 


pm nnc. 

vOtUMN 


LAMP OiOUMI 


CArOUPHTP 

AJPCCVTPdl 


OOOO Ol 


Packard 'S25 & 3 35 >f instrument 

tind control, also showing chnng* 
position. 


imbcMCTO 


HUDSON ms 


;~^7 


'—wr~y 

oooom 

o t 

1 


lco3-a-CMl 



<t> y 





Mi 

&?■ 


CHART NO. 215—Bash Board Instruments on Some of the 1915 to 1917 Beading Cam See page! 

*3 to 5 45 l *Specifications of Leading Cars/’ for the Different Electric Systems, Carburetors, 
on Leading 1918 Cars. 
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OPERATING A CAR. 



£rsfX 4 £HCv BHAnE LEVpfl 
— COHTftOL 
- >CCElEi?aTCJB 


fWAKf LEtfffl 


t A *»■._« ET£ffi 
A&JJ*Tf'iEriT 

ewAn,E pedal 


A-DuA 
7 — Brad light 
I—th»H *Lid Till Light Hunt'll 
S—BilU-r* ButtOO- 

M-Anntlir. 

I i— 

13—CLotcr fat St-irtiBg 
l l—tuot Brikr P«W 
IS-Mi'li’T fitartill Illlltun 
l<>—Foot TlTPllIf 
17—t»nq<u^ Bllke. 

J*^CJ 4 «b PmLJ. 

It— Or,r Ebifl l*r+r. 

20—C^rlrttrilAF Adjiulbtrfit Uv»i 


JfJVPB LfVER 


OffANE rf-DW. 


«icm 

Oi HOI I 


ACCEL f WATol? 
t?|WL 


1 HAYNES 


COLE 



Manuon 


Willys-Knight 4 and 8, WUlya 6 t and 
Overland gear shirt—are page 490* 
flg, 1. See pages 358 and 497 for 
switch connections which la practi- 
rally same on all. 



PEG. Swi tad TTiruMl-r c™irol Ltw 

lA-Smrk Gobrrol L*T*r t uU* t <1. jni;*d .[^running F-j'Ullonl 
IB— Spttrh tjlilfskl liln In fMlMaq for hand Lnnklq| 

It Sp-Tk Lubtral Urff In PHIEJWI tat UH ul Elr^ric Snntr 
IA-Thn>nk Cuiitiu) Uim i Jirird - Ml 11 rt«. [MrtJEJoni 
Zfe-T>nml« tdntrol Urw in fmJEfon fof rlinUni 
TlirnttU !>mln»l l.n-tf dptn 


C HAR T HO. 216—Gear Shift and Instrument Arrangement of Leading Cars. 

See page 133 for Cadillac; page 204 for Studebaker Chassis and page 868 for Studebaker Electric System. By 
referring to index for name of car, various gear shifts, etc. can be located. 
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DYKE’S INSTRUCTION NUMBER THIRTY-POUR. 



W—Plunger for priming. 

X—Starting twitch (lock 
above). 

7—Starting twitch handle. 


Z—Clutch pedal. 
A-l-Accelerator pedal. ' 
B-I B rake pedal. 


Pierce-Arrow Duh and Control tin. 

A—Gasoline regulator on column. 

B—Steering wheel. 

0—Dimmer button. 

D—Klaxon horn button. 

E—Hand brake lever. 

F—Gear shifting lever, (toe page 434) 
G —Clock. 

H—Handle to operate ventilator (TL) I 
hood. 

I —Autometer or Odometer. 

J —Knob for setting tenths of a ofle. 

K—Speedometer. 

L—Knob for setting odometer trip fee 
back to sero. 

M—Gasoline gauge. 

N—Dash lamp. 

O—Oil gauge. 

P—Ammeter. 

Q—Spark lever, (see page 496). 

&—Throttle lever. 

S—Left hand dash cabinet door. 

T—Lighting switch. 

U—Starting button. 

V—Hand pressure pump handle (eri 
pointing to the right.—“off” pesiej 
arrow pointing to the left—“rat 
' position). 


See page 349 for Pierce*Arrow electric system and page 496 for ignition timing and spark and throttle mmast 




Fig. 21—Locomobile operating lever. 


Chandler. 

Fig* 23—Chandler Dash and Control units— 
the gear shift movement is the S. A. E. standard 
8 speed gesr shift shown on page 490—which 
is used by most of the manufacturers, see page 
542 for firing order. 


Locomobile Dash and Control Units. 


37— Ignition switch. 

38— Gasoline pressure gauge. 

39— Dash light. 

40— Speedometer and Clock. 

41— voltmeter. 

42— Oil Gauge. 

43— Locking switch 

44— Hand pressure pump. 

45— Starting button. 

46— Panel light button. 

47— Side and tail light button. 

See page 862 for Loco electric system; page 543 far fehl 
order; page 108 valve timing; page 496 spark lever movea* 


48— Head, tail light bsttai 

49— Clutch pedaL 

50— Brake Pedal 

51— Accelerator pedal 

52— Carburetor adjustacsL 

53— Throttle lever. 

54— Spark advance levar. 

55— Gear shift lever. 

56— Hand brake lever. 

57— Dimming button. 


Fig* 21—Shows the Locomobile operating 
levers and fig. 22, the 4 speed “gate/ 1 show¬ 
ing the movements of reverse, 1st, 2nd, 3rd 
and 4th speed—see page 490. 


teNfilON &ljGKTwu 

eat 


Fig. 22. 




T NO. 217—Dash and Control Units of Pierce-Arrow, Locomobile and Chandler. 
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INSTRUCTION No. 35. 

f 

RULES OF THE ROAD: Rules for Driving, Passing and Turn¬ 
ing. Traffic Regulations. Signals. Pointers on Driving. 

The driver of a car should be careful to observe the rules of the road, for damages 
sure not so liable to be collected, if he can prove that he was where he should liave been. 

Throughout the United States, the Invariable rule Is to keep to the right; in England 
is just the opposite. 

♦Street, Traffic and Parking Ordinances. 


The following it a fair example of traffic rules 
wwhich may vary slightly, but practically repre¬ 
sent the rules in different large cities. 

The “one way traffic*' and “congested district** 
'will vary as to name, but no doubt in all large 
cities there are congested districts and one way 
twaffic which should be enquired about when en¬ 
tering a city while touring. 

Lights. 

Lights are required on all vehicles, 
whether standing or moving, from one-half hour 
After sunset to one-half hour before sunrise dur- 
ing the months of October to March inclusive, 
and from one hour after sunset to one hour be¬ 
fore sunrise. during the months of April to Sep¬ 
tember inclusive. 

Automobiles: At least one light on each side 
of the front which will show white when viewed 
from the front, and one light on the rear which 
shall show red when viewed from the rear, all 
wiaible not less than 800 feet, with a white light 
shining on the license tag. 

Horse-drawn vehicles: At least one light shall 
show white from the front and red from the rear, 
inobstructedf a distance of at least 800 feet. 

Lights and warnings upon extensions: Any 
. vehicle so loaded that there projects to the rear 
sny part of its load to a distance of more than 
five feet shall have an extra light so located as 
to be visible from both-sides of said projection to 
the rear and to the utmost extremity. 

Towing another vehicle: Shall have separate¬ 
ly displayed thereon the lights required herein 
to be displayed on vehicles of the class to which 
it belongs. 

Motorcycles, tricycles and bicycles: One white 
light in front visible at least three hundred feet. 

Colored lights: Shall not be shown to the 
front of any vehicle. 

daring headlights: Not permitted on any 
street, avenue or boulevard in the city. 

Inspection: The commissioner of streets shall 
pass upon the practicability of any side or head 
light and shall have authority to issue certificates 
'of inspection. 

Smoke and Accidents. 

Opening of muffler or other excessive noise is 
prohibited, also the emitting of smoke, steam, or 
noxious gas or vapor. 

In case of accident, driver shall stop and give 
what assistance* he can, and shall give his name 
and address and the name and address of the 
owner of the car and license number. 

How to Drive. 

All vehicles must be driven in a careful man¬ 
ner with due regard for other vehicles and per¬ 
sons. If overtaxing another vehicle, pass it on 
its left side (except street cars); in meeting 
another vehicle, pass it to the right; keep to the 
right-side of the street. 

Speed %hall be governed by conditions and may 
be deemed reckless even though within the limit 
allowed by law. 

Two vehicles moving abreast shall not be over¬ 
taken and passed. 

Vehicles shall not leave the line on the right 
unless there is a clear way of at least one 
hundred feet in advance on the left. 

In crossing from one side of the street to the 
the other, a vehicle shall do so by turning to the 
left. 


If street is not wide enough to turn without 
backing, go to the next corner or proceed around 
the block. 

Do not drive within ten feet of any vehicle 
when approaching and passing over a crossing. 

Police, fire department, underwriters’ salvage 
corps, emergency repair vehicles of street rail¬ 
ways and the public lighting companies, United 
States mail vehicles and ambulances shall have the 
right-of-way in any street and through any pro¬ 
cession, when in the regular course of their proper 
duties. 

The driver of a street car shall immediately 
stop said ear and keep it stationary upon the ap¬ 
proach of a fire engine or other fire apparatus. 

The driver of a vehicle on the approach of a 
fire engine or apparatus shall immediately draw 
up said vehicle as near as practicable to the 
right-hand curb, and parallel thereto and bring it 
to a standstill. 

Drivers of horses must have reins in hands at 
all times; if walking,.must keep within reach of 
bridle. 

No one shall drive a public, numbered, licensed 
or business vehicle who is less than 16 years of 
age. 

No person shall drive any vehicle the width of 
which, with its load, exceeds ten feet. 

Drivers must at all times comply with any di¬ 
rection, by voice or hand, of any member of the 
police force, as to stopping, starting, approaching 
or departing from any place; the manner of tak¬ 
ing up or discharging passengers or loading or 
unloading goods in any place. 

No person having charge of a vehicle shall 
stop the same abreast of another vehicle length¬ 
wise of a street, except in case of emergency. 

Every bicycle, motorcycle, automobile, ambu¬ 
lance or emergency vehicle shall be equipped with 
a suitable signaling device to warn pedestrians or 
other vehicles when necessary. 

Pedestrians have the right to cross the street 
in safety, but the streets are primarily for traffic, 
and by observing the rules, pedestrians will facil¬ 
itate the movement of traffic and minimise the 
danger to themselves. 

Pedestrians before stepping to the street from 
the curb, should look In both directions for ve¬ 
hicles. 

Pedestrians should cross the street at the 
regular crossings and at right angles and should 
not cross in the middle of the block, or diagon¬ 
ally at intersections. 

When waiting for a street car, stand on the 
sidewalk until the car approaches. 

In the congested district, drivers will stop their 
vehicles back of the building line, when signaled 
to stop by the traffic officer. 

No vehicle will be allowed to stand on any 
street nearer than 48 feet from the building line 
of intersecting street where street cars take on or 
discharge passengers. 

Drivers of vehicles shall designate the direction 
in which they wish to proceed. This may be done 
by signal or by word of mouth. 

Slow moving vehicles shall be keep to the right 
and as near the curb as practicable. Rapidly mov¬ 
ing vehicles shall keep to the right and such dis¬ 
tance from the right-hand curb as will allow them 
to pass slow moving vehicles. 


*8t. Louis Ordinances as an example. Not revised since 1917, changes have been made. 
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Safety Pint— Bead and Remember. 

The following is an advertisement in which Chicago manufacturers, public service »? 
porations, financial institutions, insurance companies, firms and individuals co-operated k 
speaks for itself. 

__Don’t* for Driver*, 

Don't approach street inters ue# 
at high speed. 

Don't resent the traffic officer's 
direction*—he is doing his beat ts 
prevent accidents. 

Don't overlook the rights of Iks 
pedestrian—his life is just as ta- 
portant as yours. 

Don't fail to give signal with haal 
when turning or stopping. 

Don't drive on the left aids «f 
street or cut corners. 

Don't permit your ehauffear m 
speed. Tou are just ae guilty ss kt 
Don't use your big headlights— 
they blind other drivers and peiss- 
trians. 

Don’ts for Pedestrians. 
Don't cross streets before 
both ways. 

Don't stand in traffic route 
waiting for street car. 
sidewalk or in safety sons. 
Don't cross street except at ti 
regular crossing. 

Safety for Children. 

Don’t cross a street without In 
stopping and looking both ways. 
Don't play in the stret. 
in one frequently used by 
mobiles. 

Don't steal rides by hanging m 
the back of wagons, trucks, sate 
mobiles. 

Don't throw a stone or other ■* 
aile at any vehicle. 

Don't use roller skates or coast¬ 
ers on the streets. 

Don't ride on the left side of th» 
street and near the curb whik 
riding a bicycle—stay on the right 
side. 

Don't catch on to automobUea vkai 
riding bicycle. 


fU. «—la taming sonars with a car cam 
lag. uil signal with your hsad to Ulicth tha 
direct too you laltnd to go aad for him to alow 
up. Always obsorva a central point O ta tha 
titwwrtim of iirr.lt aad claar it whoa tun¬ 


ing B—Tha driver of a vehida taralag ta tha 
Ml fran right haad tlda; should pass tha ecatar 
of tha street intersection before tanking a turn 
la case ba wishes to make a right haad turn 
ho should hug curb as closely as possible. 




rig. •—1* stopping, do aot face cat ta wroug 
direction biop with the right side of car So 
the curb 




fir rtpbl wu* N pass nova ns . tu a. 


at uSmiiJ So Ilf Imfi u 


It Is the rule In many cities that when two vehicles ap¬ 
proach a street Intersection simultaneously In the maimer Il¬ 
lustrated, the vehicle at the right, as indicated by the heavy 
lines, shall have the right of way regardless of the direction 
traveled. 



CHART HO. 218—Rules of the Road in Driving Straight Ahead, Passing and Tuning. 
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•One-Way Streets. 

Sixth, Seventh, Eighth end Ninth streets, from 
'Washington avenue to Market street, are desig¬ 
nated as one-way streets from 7 a. m. to 7 p. m. 

Sixth and Eighth streets between the hours 
mentioned, vehicular traffic will move south on 
east side of street. Waiting vehicles will stand on 
the west, facing south, and at an angle of 80 
degrees with the curb.. 

Seventh and Ninth streets between the hours 
mentioned, all vehicular traffic will move north 
on the west side of the street. Waiting vehicles 
will Btand on the east side, facing north and at 
an angle of 80 degrees with the curb. 

License and Bight-of-Way. 

City license plates shall be displayed on the dash 
or on the right-hand side of the vehicle, and se¬ 
curely fastened so as to prevent from swinging, 
in plain view, free of obstruction. 

State license plate shall be conspicuously dis¬ 
played upon and permanently fixed on the back of 
every motor vehicle. License plate to be kept 
clean of mud or dust. 

Blght-of-way: East or west-bound vehicles shall 
have the right-of-way over north or south-bound 
vehicles. 

Divided streets: Keep to the right of park¬ 
ways or other divisions or obstructions in the mid¬ 
dle of streets. 

Mlcellaneous. 

Persons under the influence of intoxicating li¬ 
quor shall not drive any kind of vehicle. Driving 
while intoxicated shall be construed as reckless 
driving. 

The driver of every vehicle shall stop such ve¬ 
hicle and remain at the rear of any street car 
which has stopped to take on or let off passengers, 
so as to allow passengers free passage between 
the street car and the curb, and the driver shall 
cause his vehicle to remain standing until such 
street car has resumed motion; provided that in 
the congested district vehicles mar pass street 
cars stopping if they clear six feet from the 
lower step of running board of the street car, 
otherwise such vehicles shall stop as herein pro¬ 
vided; but this section shall not apply to vehicles 
passing street oars headed in an opposite direction. 

Safety sones: Do not drive within a safety 
none. 

Turning to right: Turn as close to the right- 
hand curb as practicable. 

Turning to left: Turn beyond the center of the 
Intersection of the two streets. 

Speed of motor vehicles: In business districts, 
eight miles; in other portions of the city, ten 
miles. In coming out of driveways, move very 
slowly, not faster than a walk. 

Speed in parks and boulevards: Not to exceed 
six miles. 

Speed at street crossing: Slow to one-half speed 
when crossing main thoroughfares, or in turning 
thereon and sound proper signals. 

Signal upon turning: Make sure it is safe to 
turn and give signal of intention by extending 
hand or otherwise. 

Warning when stopping: Extend hand to warn 
following machines. 

No testing in parks: Motor vehicles may not 
be driven in parks, parkways or boulevards for 
the purpose of testing the machines. 

Processions: Not to be driven through except 
with permission of a police officer. 

Slowly moving vehicles: Keep to the right-hand 
curb in single file, not two or more abreast. 

B lockade: No vehicle is permitted to willfully 
blockade or obstruct any street by standing there¬ 
in, by the manner in which it is driven, or through 
overloading. 

Fire hydrant obstruction: No vehicle unat¬ 
tended shall be left standing at any time within 
six feet of a lire hydrant. 

Brakes and horns: All motor vehicles shall be 
provided with adequate brakes and suitable bells 
or horns. 

How long may stand: May stand not more 
than two hours between the hours of 7. a. m. and 
7 p. m. in the congested district of the city. 
(Ordinance 28,807.) 


••Congested District. 

Fourth street between Washington and Chestnut. 

Broadway between Washington and Market. 

Sixth street between Washington and Market. 

Seventh street between Washington and Market. 

Eighth street between Washington and Market. 

Ninth street between Washington and Pine. 

Tenth street between Washington and Pine. 

Market street between Fourth and Eighth. 

Pine street between Third and Tenth. 

Olive street between Third and Twelfth. 

Locust street between Third and Theresa. 

St. Charles street between Fourth and Tenth. 

Washington avenue between Fourth and Ninth. 

Grand avenue between Lindell boulevard and 

Morgan street. 

Third street, Locust to Chestnut. 

Any vehicle wishing to make complete turn 
must drive around the block. 

Spaces designated by signs, placed by the di¬ 
rector of streets and sewers, shall in congested 
district be used only for loading or unloading pas¬ 
sengers or freight. In no event shall such space 
be occupied longer than 15 minutes for any pur¬ 
pose and vehicles not allowed to park in said space. 

Time fixed by ordinance: Seven a. m. to seven 
p. m. 

Moaning of verb "to park'* us used In ordin¬ 
ance: To park means to stand or store a vehicle 
on a public highway when not being loaded or 
unloaded. 

Time limit for parking: Parking is limited 
to two hours in congested district, excfept when 
a vehicle may be broken down or standing for hire 
at authorised places. 

Vehicles used for advertising purposes of any 
kind shall be kept continuously on the move at a 
rate of speed exceeding three miles an hour. 
This applies to vehicles being advertised for sale. 

Parking in front of entrance of public building: 
No vehicle shall be parked before an entrance to 
a public building for a longer period than thirty 
minutes. 

Punishment: Any person violating the rules 

within the hours fixed shall be deemed guilty of a 
misdemeanor, and upon conviction shall be fined 
not less than five nor more than five hundred dol¬ 
lars. 

Cross-walk obstruction: Not permitted to stop 
on cross-walks so as to obstruct free passage on 
them. 

Vehicles unattended: Must have motor stopped, 
or on electric machines controller switch locked 
and key withdrawn. 

Bicycles: Not to be ridden on sidewalks except 
on unpaved streets in an impassable condition, 
then not over five miles per hour. 

Hitching: "Hitching on" anv vehicle not per¬ 
mitted either with or without the consent of the 
driver thereof. 

Horses to be turned: The horse or horses at¬ 
tached to a vehicle baok to the curb shall be 
turned at right angles to the right. 

Unattended horse-drawn vehicles: No person 
shall leave any animal standing in any public 
place without being fastened or so guarded as to 
prevent its running away. 

System of Signals. 

A traffic officer is stationed in the center of 
tne street, or as near thereto as possible, and sig¬ 
nals traffic by extending his arms in the direction 
in which he desires traffic to move. Thus, when 
the officer faces north or south and extends his arms 
to the east and west, east-bound and west-bound 
traffic moves. North-bound and south-bound 
traffic meanwhile is at a standstill and remains 
so until signaled by the officer, who does so by 
changing his position to face east or west and 
extending his arms north and south. 

Turns are made as follows: A driver north¬ 
bound desires to turn west. The officer signals 
him by forming a right angle with his arms, one 
pointing south and the other west and vice versa. 

Locking: Motor vehicles shall be provided with 
good and sufficient lock, to be installed in a man¬ 
ner that will allow the towing or moving of the 
car when necessary by the police or fire de¬ 
partments. 


** Traffic ordinances similar—are provided free to motorists in every large city. When tour¬ 
ing, one should' secure a copy of each large city he enters. 


*One way streets are usually those in which street cars run in one direction only. Alleys in busi¬ 
ness districts are also one way. In all east and west alleys, vehicles shall move west and all north 
and south alleys move south. 
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intersection of two streets. 




On crossing a street—the right hand vehicle has the 
right of way 


Boles For Driving. 

Approaching rail roads—In approaching a raSns 
crossing, especially if there is an incline or grads. I 
car should be dropped back into second speed sad I 
approach made carefully, drat to determine vie 
to make the crossing or not, and second, to be i 
position to accelerate your car suddenly with vs 
little chance of stalling your engine. 

Many accidents have happened because inexperimai 
drivers have become confused and stalled their m 
gine. On noting the approach of the train, they bm 
thrown on their power, or let in their clutch saddah 
with the result that the engine is stalled and it a as 
too late to move out of danger. 

In crossing street car tracks and climbing eat i 
ruts—skidding can be prevented and accidents ave^d 
also the life of your tires lengthened, if you vrOl ha 
how to turn yonr car out of street car tracks and na 
Make a sharp turn of yonr front wheel. Do m 
allow the wheel to climb along the edge of the rat m 
finally jump off suddenly, and do not attempt to ehd 
out of these conditions at speed. 

Bounding corners at speed—Driving a car aroaac i 
sharp corner at twenty-five miles an hoar does mm 
damage to the tires than does fifteen or tweatyda 
miles of straight road work. This is an ecoaomsd 
reason why one should drive around corners ematimt 
ly and slowly. The other reasons are obvious. 

In passing a slower moving vehicle going the am* 
direction, always pass on the left, so it is to year ngIt 
If yon attempt to pass on his right, you may be rsa 
into the gutter. In passing another car going th 
same direction, don't run immediately In front •f A 
More accidents have resulted from this practice tbs* 
in any other manner. 

When a car comes np from behind, and shows dpi 
of desiring to pass, give it the road by swinging to tie 
right. Before starting to race it, remember that it s 
about the most dangerous thing that can be done. «arf 
that racing has caused many automobile accidents. j 

In passing street cars, never pass it on the left, bn 
on the right—another car may be coming the oppesoc ■ 
direction (if double track which is usually the csw> !< 
you would then be bound to place yourself en th 1 
wrong side of the street. 

If passengers are getting on or off cars—stop. d*e\ 

crowd between them and the curb, its against the law i 
in mo6t cities. Do not follow a car too closely —* 
may stop suddenly, without warning. 

Stop when there is an accident, whether it is ym i 
fault or not. Render all the assistance possible. sa« 
as a safeguard get the names and addresses of witness®. 

Excessive sounding of the horn is proof that tk ( 
motorist Is a novice. Sometimes in the presence ef * 
frightened horse, it may be better not to nse the bm 
at all. No accepted rules exist in regard to the mesa 
ing of horn blasts, but it is reasonable to assume thst 
prolonged honking indicates that the car behind is 
going to pass and desires a clear road. 




If yon are driving 
in front of another 
signal to the party 
behind yon as above 
when stopping, slow¬ 
ing down or turning. 


Bemember: That a nervous driver may pull the wrong rein. That a pedes¬ 
trian cannot make up his mind in a hurry when he wants to cross the rood. Tbs* 
it is your business to avoid danger, not the other man's. That the roed is fn> 
for all, and that it pays to be courteous. 

Use of head lights: Do not use.the electric head lights turned to the "bright" 
position when approaching or passing a car or other vehicle on a narrow read, 
unless you are traveling in the same direction. The light confuses them sad 
may result in a serious accident. 

Headlight Courtesy on the Road. 

You know how very difficult it is to see when you are approaching another 
machine with glaring headlights. You are simply blinded and cannot tell 
whether you are running off the road, are too close to the oncoming i 

or are striking obstructions. It is a peculiarly helpless feeling to be directing • 
car when confronted by the other fellow's glaring lights in this way. 

If your headlights are on, he is in just the same predicament, however, and 
it is the least either of you can do to dim the headlights while passing. This is • I 
safety factor as well, for it protects both from running into one another or «f ! 
the road. j 

In most states a law prohibits the use of glaring headlights—see page 43 3 1 


IART HO. 219—Buies For Driving. Signals for the Motorist Behind. 
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INSTRUCTION No. 36. 

CARE OF CAR: Pointers on Driving, Washing, Polishing, and 
Cleaning Car. Home Made and Other Polishes. Painting 
a Car at Home. Systematic Car Inspection. Shipping. 


General Pointers on Driving and Care of the Car. 


The driver must keep his eyes and ears 
open, watching the other occupants of the 
road as well as the running of the car. 

The ear is the beet jndge of the running 
or the engine, as it shows any defect by a 
change in its steady throb. With prac¬ 
tice it becomes easy to recognize a new 
noise and the cause should be located and 
remedied at once. A squeak or rattle that 
comes at regular intervals may be located 
in one of the revolving parts, and if not 
regular^ it comes from something that is 
not revolving—the springs, brakes or simi¬ 
lar part. 

Irregular running of the engine may not 
be serious, but rather the result of a rough 
* road or loose ignition connections. Knocks 
or pounds Should be located at once, for 
they may lead to serious breakdown. 

Know Tour Car. 

Remember that in the care and opera¬ 
tion of a motor car, much must be left to 
the judgment of the operator, who should 
study the construction of his car and thor¬ 
oughly acquaint himself with its mechanism, 
the functions of its various parts and the 
why of everything connected with it. 

Learn the speed of which the car will 
take a turn on mud or wet asphalt, without 
skidding or side-slipping, and never ex¬ 
ceed it. Learn the grade of a hill that the 
car will climb easily, and on steeper grades 
do not wait for the engine to labor before 
changing the speed. 

Learn the turn that it will make for 
every position of the steering wheel, and 
always make the broadest turns that the 
width of the road will permit. A sharp 
turn is more likely to strain and injure the 
tires, running gear and steering mechanism, 
than a broad turn, and if the car is speed¬ 
ing, more likely to cause an upset. 

Learn the distance that the car will 
travel before refilling the tanks —not from 
the catalogue, but from your own experi¬ 
ence, so that hold-up on the road for sup¬ 
plies may be prevented. 

Learn the rapidity with which the car 
will pick up speed after a slow-down, as 
it will help when running through traffic, 
or when it is necessary to dodge another 
vehicle. 


It Is important to learn the shortest dis¬ 
tance in which the car can be stopped for 
its different speeds, and the exact amount 
that it slows down for each application 
of the brakes. Learn to use the brakes so 
that the motion becomes automatic, and 
can be done without wasting time thinking 
about it. Learn to judge distance, and the 
speeds at which the car travels; ability to 
estimate speeds may prevent arrest. 

Learn to recognise the noises of the en¬ 
gine when it is running smoothly; the 
click of the valves, the hum of the timing, 
pump and magneto gears, the puff of the 
exhaust, so that unusual noises may be 
easily recognized. 

Learn the feel of the compression, by 
cranking the engine, so that leaks may 
be detected. Learn the effort required to 
push the car on a smooth floor by hand, 
so that a binding brake or a tight bear¬ 
ing may be felt. In short, get in tune 
with your car—be part of it— make it 
part of you; that is, if you want to get 
good service from it, and save on the re¬ 
pair bills. 

Something to Remember. 

The flashy driver, who makes quick turns 
and sudden stops, attracts attention, but 
ruins the car. The more smoothly a car is 
operated, the longer it will last, and the 
less often it will get out of order. Driv¬ 
ing is not a thing to worry about, but to 
be taken easily. 

Easy turns, gentle stops, the running of 
the engine as slowly as possible for the 
speed desired, proper adjustments, and con¬ 
stant care, mean long life to the car, and 
freedom from trouble. 

When the engine is not acting right, do 
not rush in and re-adjust the ignition or 
carburetor without first being sure that the 
trouble has been correctly located. Throw¬ 
ing the carburetor out of adjustment on a 
guess makes it all the harder to get going 
again, for its re-adjustment must be added 
to the trouble already present. An auto¬ 
mobile is not difficult to handle, but neither 
is it so simple that brain work is not 
necessary. Get all of the facts possible 
before doing anything to the mechanism— 
the noise that the engine made in stop¬ 
ping, the way it stopped, the reasons for 
the unnatural noises, and the bolts from 
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which nuts may have dropped off. An 
automobile is constantly in a state of 
severe vibration, and almost any part is 
liable to work loose when least expected. 

Some accessories are convenient, and 
others are nuisances. Do not load the dash 
up with devices that are not of practical 
nse f for they only add to the parts that 
must be watched and taken care of. Pro¬ 
vide the car with a good horn, and use it 
well when necessary, but never needlessly. 

The lubrication is important and must 
be watched carefully; it takes only a little 
running without oil to cut the cylinder 
walls and piston rings. Excessive oil in 
the crank case means fouled spark points, 
and should never be permitted, however, 
it is better to have too much than not 
enough. 

In running, keep to the right, and in 
meeting another vehicle turn farther to the 
right, so that it will have room to pass. 
(See charts 218 and 219). 

In passing a vehicle going in the same 
direction, pass so that it is on your right, 
and do not swing back to the right side 
of the road too close in front of it. The 
other vehicle may speed up as you pass, and 
be closer than you realize. 

Oet thoroughly familiar with the differ¬ 
ent speeds, so that there will always be 
time to stop when necessary. Keep your 
eye on the people alongside of the road, 
for they may start to cross without warn¬ 
ing. Children are liable to run out of a 
gate or cross the road, when they are 
least expected. Cross roads and cross streets 
must be watched, for vehicles or people may 
come along them. 

It Is'dangerous to run over a dog, for 
the steering mechanism may be broken 
or the car upset. It is far safer to slow 
down when one is barking in front of the 
car than to try to push it out of the way. 

Blow the horn when approaching a turn 
In the road, for another car may be com¬ 
ing. Do not run on the low speeds if it 
is possible to run on the high. 

Save the Tires. 

If a tire blows out, do not Jam on the 
brakes—cut off the power and let the car 
coast to a stop. Jamming on the brakes 
might cause a skid, and that would fatally 
ruin the tire. 


In crowing loose or broken atone as m 
a new road, do not drive the car over, bet 
get up speed and as it strikes the stomas 
throw out the clutch so that it will coset. 
If the car has not enough momentum to 
cross, let it go as far as possible before 
again throwing in the dutch. Driving 
across sharp stones forces the wheels te 
grind against them, while if the car moves 
without being driven, the tires roll over 
the stones, and are not so liable to injury. 

Jamming on the brakes grinds the tint 
and wears them as nothing else does. Let¬ 
ting in the dutch quickly, so that the 
wheels spin before taking hold of the road, 
has the same effect. 

Tires that are not sufficiently inflated 
will rim cat and are more liable to punc¬ 
ture than if blown up hard. Oil rota rob¬ 
ber; therefore, keep the tires clear from 
it. If they get oily, wipe them with a 
doth soaked with gasoline. 

If the car is to be idle for a week or 
more, jack up the wheels to take the weight 
from the tires—it will be better for them. 

Busty rims cause rim cuts; therefore, 
keep them smooth. When rim rusts, scraps 
them or rub with emery doth and give 
them a coat of shellac or lead paint to pre¬ 
vent them from rusting again. 

In applying new tires, put them on the 
rear wheels, moving the half-worn one te 
the front wheels—this will give them a 
longer life. In applying a single new tire, 
put it on the right hand rear whed, as 
this is the one that has the hardest work, 
and needs to be stronger than others. 

An extra- Inner tube should always be 
carried, ready to insert in case of a punc¬ 
ture. Take out the old tube and put is 
the extra, then have the damaged one vul¬ 
canized. It does not pay to cement a 
patch on a tube; have it vulcanized. The 
best plan is to have demountable type 
of rims and carry a complete extra tire in¬ 
flated, ready to mount on wheel. 

Skidding ordinarily occurs only on slip¬ 
pery surfaces and in rounding turns at Ugh 
speed. In skidding, the wheels of the ear 
slip on the ground, especially on wet as¬ 
phalt, although the car will occasional!/ 
slide on dry surfaces, like sand, loose gravel, 
etc. See page 495 for ‘.'skidding.” 


A Few Words About Gasoline and Fire. 


Gasoline must be handled with care and 
common sense. It is dangerous if handled 
carelessly but need not be so if the opera¬ 
tor uses judgment. Gasoline vaporizes easi¬ 
ly and as the vapor is heavier than air, 
it sinks to the ground. 

When filling the tank, be sure that there 
are no open lights near, or a fire. If the 


tank is to be filled at night, don’t use a 
lamp, use a pocket electric flash lamp ii- 
stead. Have a funnel for gasoline and dc 
not use it for anything else. Also see index 
for “gasoline.” 

♦In case of fire, do not try to put It ovt 
with water, for the burning gasoline will 
float and spread the fire. Always keep a 


*Fires are usually caused by dripping gasoline from carburetor and a stray ignition spark. Be 
careful the carburetor does not drip. See alto pages 158 and 161. 
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pail or two of sand handy and smother 
the flames with it. In case of fire, the 
Ant thing to do if it is possible, is to 
torn off the supply cock from the tank to 
'fclae carburetor, and then push the car away 
from the blazing gasoline on the ground. 
Do not let a pool of gasoline drip from the 
carburetor when priming it as a chance 
short circuit may give a spark that will 
set it on fire. 

♦Engine bearings: After an automobile 
has run a great many miles the crank 
shaft (“main”) bearings wear and allow 
play as also do the connecting rod bear¬ 
ings. The first evidence of a worn bear¬ 
ing is an “ engine knock. ’ ’ To test bearings 
grasp the fly wheel and jerk it vigorously; 
if play is discovered it is an indication that 


the bearings should be “taken up.” The 
bearings are “split,” that is, arranged in 
two halves bolted together, see page 74. 
Between the halves, “shims” (very thin 
strips of metal) are placed. As the bear¬ 
ings wear, one or more shims can be re¬ 
moved and the bearings drawn up. 

See also pages 203, 793 and 651; “run¬ 
ning in a new engine” and page 489 for 
“running a new car.” 

Tighten bolts and nuts: It is very im¬ 
portant that you should go over your car 
periodically and tighten up all loose 
nuts and bolts. This should be taken care 
of especially during long hard tours and 
about once a month under average driving 
conditions. 


Washing Car. 


Soap -n otiva 
r»QTop_ 



First dust 
off the car 

and top, then 

wash car us¬ 
ing only clear 
water. If soap 
is used, get a 
good carriage 
AO**™ i soap that has 

Ou.r Jrwau> ta. Um> ^ iwm u«i • 

r. no alkali m 

it. If it contains alkali it will take off 
the* varnish. 

Mud should not be rubbed off for the 
varnish would be scratched. Let the 

water run gently out of the hose (using 
no nozzle) and flow over the mud, so that 
it washes away slowly. 

The full force of the water may be used 
to remove mud fr6m under side of fenders; 
but not from any varnished part. If a hose 
cannot be used, pour the water on so that 
the mud is carried away. Dry mud is more 
difficult to remove, but if the varnish is to 
be kept bright use only the above method, 
and take time to it. 

When the body is clean, go over it with 
a soft sponge using plenty of water and 
dry it with soft, clean chamois skin or wash 
leather. It is advisable to have a sponge 
and chamois skin for. the running gear and 
a separate sponge and chamois skin for 
the body. 

After having washed the body it should 
be gently dried with a piece of clean 
chamois skin. Wring out the water from 
the chamois as the car is wiped with it. 

For removing grease, a sponge with cas- 
tile soap and tepid water should be used 
and then bedy polish applied. 

A car ought to be washed and chamoised 
off Immediately If rained upon, otherwise 
spots will remain if left to dry. See In¬ 
struction 45 for “a home made washer.” 


Supplies for cleaning the car: Two good 
clean soft “wool” sponges, two ten- 
quart pails, several clean soft chamois, a 
quantity of canton flannel, a quantity of 
ivory or pure castile soap, clear running 
water, a soft wool duster, gasoline for use 
in extreme cases. 



The two sets of pails, sponges and chamois 
are recommended so that the pail and 
sponge used for the first washing, may be 
kept separate from those used in the Anal 
washing. 

Washing Radiator. 

When it is necessary to clear the radia¬ 
tor spaces of accumulated mud you should 
flush the radiator from the rear, not from 
the front. In that way you avoid getting 
water into the magneto, which is often 
short-circuited when moisture enters it. 

Sponge off your Hood. 

Particular attention should be given to 
the hood after the car has been run in a 
heavy rain, inasmuch as after a long run 
it becomes fairly hot and if rain-drops 
are left to dry upon it they will stain it 
much more than the body. The car should 
be washed down at once, or if this is not 
possible, the hood should be sponged off 
and wiped dry immediately. 


/ 


A good body polish will remove grease 
and rain spots from a hood or body. 

♦♦Body, Metal and Glass Polishes. 

Polishing body, removing rain spots and ents; turpentine 1 gallon, paraffine oil 1 
grease: A much recommended polish is pint, oil of citronella 3% ounces, oil of eedmr 
made by mixing the following ingredi- 1% ounces. This should be applied after 


**A very satisfactory body polish and cleanser is called “Auto Liquid Veneer,*’ which is sprayed 
OTsr the dust, dirt, etc., and wiped off with a piece of cheese cloth. It can also be used on the wind¬ 
shield or leather cushions and leather or rubber top. Manufacturers are Buffalo Specialty Oo., Buf¬ 
falo, N. T. *8ee pages 640 and 641. 
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the car is washed and dried. Apply this 
with soft, clean cotton waste and rub 
dry with a clean flannel cloth. If not 
rubbed dry the dust will collect. This 
preparation in most cases will remove rain 
spots and grease. 

Another method is to use a mixture of 
boiled linseed oil and turpentine, apply- 
ing it sparingly and rubbing absolutely dry. 
The use of these polishes will restore even 
an old car to a degree of brightness that 
will surprise you. 

Another body polish that is highly recom¬ 
mended is made by using 1 gallon of soft 
water, 4 ounces of ordinary soap, 1 pound of 
white wax in shavings. Boil well and add 
2 ounces of pearlash. This may be diluted 
with water and laid on with a paint brush, 
then rubbed off with a cloth. Another form¬ 
ula often used is 3 ounces of shellac, % 
ounce of gum mastic and 1 pint of methy¬ 
lated spirits of wine, dissolved. In our 
opinion however, better results will be ob¬ 
tained by using some one of the varnish 
polishes that are on the market and can 
be found at almost any hardware or paint 
store. 

A good cleanser for enameled parts of the 

car when parts are greasy and very dull, 
may be made of the following: 

One pound of washing soda crystals to 
one pail, or 2% gallons of water. This 
should be very briskly applied with a soft 
rag. Then polish with canton flannel. 

The solution, before applying, should be 
carefully inspected to see that all crystals 
have been dissolved, as any crystals remain¬ 
ing will scratch the surface. 

This solution should be used only on 
enameled parts of the car as it will ruin 
varnish or paint. The enameled parts of the 
car are the radiator, radiator splashers, 
bonnet, front and rear fenders, gasoline 
tank, tire carriers, steering column, shifter 
lever, black engine parts and enameled part 
of lamps. 


Brass. 

Any good brass polish will work satisfac¬ 
torily. All these preparations contain sot 
fine abrasive, for which reason care must be 
taken not to let the polish come into con¬ 
tact with the varnish body surfaces. 

Nickel-Plated Parts. 

All nickel plated parts may be cleaned 
with regular silver cleaner paste. Use only 
the softest flannel rag or chamois to rob 
with. 

Do not clean lamp reflectors except when 
absolutely necessary and then use Pots 
pomade, applied with a very soft dess 
chamois skin. Beflectors are often silver 
plated and are very easily spoiled by fre¬ 
quent polishing. 

Nickel trimmings should be rubbed over 
with an oily rag; that will keep them bright 
without polishing. When going out for a 
run in damp or rainy weather it saves labor 
to give the brass work a light coat of vase¬ 
line to protect it from tarnishing, and pot 
rubber bags over the lamps. When there 
is little time to give to cleaning the brass 
work, paint it with black or colored enamel 
which looks better than uncleaned brass. 

Metal and Glass Polish. 

Mix one part wheat flour, five parts of 
dry powdered c fire or potter’s clay and 
used with a damp woolen cloth. This will 
be found the finest polish ever used, and is 
cheap. It can’t be beaten for cleaning 
fly specks, grease, paint and other stains 
from glass or metal. 

To Clean Glass and Beflectors. 

For cleaning glass — windows, wind 
shields, lamp lenses, mirror lenses, etc.— 
there is nothing better than a mixture of 
half alcohol and half water, which readily 
will clean off dirt and leave a bright polish. 
With a'soft cloth, or a piece of tisane paper, 
the work can be done expeditiously. See pegs 
435 for cleaning and polishing reflectors. 
Putz pomade applied with a very soft, dean, 
chamois skin is also excellent for cleaning 
reflectors. 


♦♦Cleaning Tops. 


To clean top—outside. A top that has 
been in use for some time can be cleaned 
by using the following mixture: 

% pint raw linseed oil; 4 cups water; % 
cup turpentine. Apply with clean rag and 
rub dry, 

A dressing for leather tops: A very good 
receipt for the purpose: One part liquid 
asphaltum to two parts castor oil, to which 
add % ounce of ivory black to each pint of 
the mixture. Apply with a soft brush. This 
dressing is excellent for a rubber top. 

Mohair tops should be frequently dusted 
and brushed off. Pautasote tops and cur¬ 
tains are best cleaned with a soft brush 
dipped in water In which a little ammonia 
has been added. Afterwards rub dry. 


Never attempt to clean top and curtains 
with gasoline or kerosene. 

Do not fold the top until it has become 
thoroughly dry, because any moisture re¬ 
maining in the folds is apt to cause mildew, 
beside making the top leaky and unsight¬ 
ly with spots. When the car is not used 
for some time it is best to open the top, 
which keeps it well stretched and smooth. 

If top is mohair, a pail of tepid water 
and a bar of castile soap should be used. 
Place soap in pail and work with the hands 
until a good lather is obtained. A large 
clean sponge is dipped into the water and 
top thoroughly washed. 

If top is dirty use broom lint. After 
cleaned with soap go over it with clear 
water so no alkali spots will appear. 


To prevent rain or snow from sticking to glass: mix about 2 os. glycerine with 1 os. of water aa i 
a dram of salt. Apply to wind shield with cheese cloth—wiping np and down or in a vertical direction. 
For Cleaning Engine—see index. **See also index; "Repairing Tops." 
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Cleaning Leather Upholstering. 


X>o not use gasoline In cleaning leather 
upholstery. Plain water with a little am¬ 
monia will remove the dirt, and a brisk 
robbing with a clean woolen or flannel cloth 
will do the rest. For still more careful 
treatment, use a regular leather dressing 
on all leather. 

Receipt for a dressing for leather uphob- 
terlng; Raw linseed oil and turpentine mixed 
in proportions two of the former to one of 
tbe latter, is a time honored formula. 

For cleaning cloth upholstery use clear 
water and a mixture of % of an ounce of 
common salt and two ounces of either grain, 
or wood alcohol, simply rubbing the cloth 
with a sponge dampened in the above mix¬ 
ture. 


To remove ordinary dust from cloth up¬ 
holstery, beat cushions and backs lightly 
with stick or carpet beater, then remove 
dust with whisk broom or brush. (The va¬ 
cuum plan is best.) 

Grease or oil may be removed by the ap¬ 
plication of a solution of luke warm water 
and ivory soap, applied with a woolen doth. 
Any of the approved methods for cleaning 
woolen cloth may be used with success on 
this upholstery. Gasoline and benzine have 
a tendency to spread instead of remove the 
dirt. We, therefore, do not recommend their 
use although they work no injury to the 
fabric. 


♦Suggestions for Repainting Car at Home. 


In some cases the car owner may feel disposed 
to do some ef the work himself, and then pass It 
on for the profeslonal painter to pnt on tho 
Unioning coats. 

He may, for example, give the car as thorough 
and complete a washing up as the painter will 
do. Then by getting the car up on stout wooden 
horses, so that he can work under it conveniently 
the grease and dirt may be removed from the 
chassis.* This is a somewhat smeary job bat 
anyone who isn't afraid of work can save some 
money by doing it. Saturate the greasy parts 
with one-third turpentine and two-thirds kerosene 
or crude oil, and let the applied mixture stand for 
several hoars to soften up the hardened oil and 
dirt. 

Then take a one-half inch putty knife and a 
couple of mowing machine knives and some pieces 
of coarse burlap and proceed to cut and scrape 
the accumulations off and wipe the parts up. It 
may take two or three applications of the oil 
and turpentine mixture, and a lot of rubbing 
with the burlap to get the surface clean, but it is 
all necessary work. 

If the surface Is worn and the paint beaten 
off, and the bare metal or wood disclosed, these 
pieces will need touching up with a paint mixture 
containing at least one part raw linseed oil and 
two parts turpentine. Mix thoroughly, some 
ground white lead and lamp-black and add a lit¬ 
tle at a time to the oil and turpentine. Ap¬ 
ply with a small round brash. 

Next get some dry white lead and a small quan¬ 
tity of finely ground whiting, and using one part 
of the whiting to two parts dry white lead, knead 


it to a good working body in equal parts ef 
coach japan and robbing varnish. Then with your 
putty knife, patty ap all the holes and surface 
fractures, filling them smooth and level with the 
surrounding surface. While this class of work 
is somewhat difficult to do well, with care and 
some practice it may be taken care of. 

If the surface is in a condition suitable to sand 
paper, apply the color without any further sur¬ 
facing. The professional .painter may then, if so 
desired be called in to sand this putty and the 
surface down smooth and apply a coat of color 
to the ear. If any striping is to be applied, the 
lines may be run on this coat of color after which 
apply one or two coats of varnish, according to 
the class of finish desired. 

In case the car needs simply a coat of varnish, 
with perhaps a few worn or bruised spots touched 
np with a bit of color, it should first receive a 
thorough washing and cleaning. . The body sur¬ 
face will need going over with water and pul¬ 
verised pumicestone to lay down the gloss and fit 
it for the varnish. Then touch np with the color 
where necessary, and apply a coat of body finish¬ 
ing varnish. Likewise, give the chassis a stout 
coat of varnish. 

In this connection, it may be stated that the 
amount and kind of work to be applied to the 
car depends altogether upon the condition of the 
snrfaco at the time the work is to be done, as 
it natnrslly also depends upon the sum of money 
the owner wishes to expend upon the work. 
Generally speaking, if the car is kept well var¬ 
nished, it will not need heavy painting repairs 
only at long intervals. 


♦♦Painting Radiator, Engine, Cylinders, Manifold, etc. 


To paint radiator, mix. 8 os. boiled linseed oil. 
4 oz. lamp black, 1 os. turpentine and thin down 
with turpentine to the proper consistency. In 
applying, the radiator must be either dipped into so¬ 
lution (in this case a great deal more.must be 
mixed), or sprayed (see page 194 and index; 
"painting radiator,") or the radiator can be 
placed on boxes, face up and with a thin mixture 
as above, applied plentifully so it will run through 
the cellular parts of radiator. A camels hair 
brush can be used to reach places not covered. 

fTo paint cylinders, mix 8 os. white lead in oil, 
8 os. boiled linseed oil, 2 oz. turpentine and % 
os. of lamp black. If too heavy thin down with 
turpentine. This will make a gray paint and 
sufficient for 6 cylinders. 

Aluminum mixed with bronzing liquid oan also 
be used. 

To paint intake manifold—use regular aluminum 
secured at any drag store. 


To paint exhaust manifold—use aluminum. No 
paint has as yet been found which will remain on 
hot exhaust pipes; here ia a recipe suggested: 

Heat proof paint—use two parts of black oxide 
of manganese, three parts of graphite and nine 
parts of Fuller's earth, thoroughly mixed, to 
which add a compound of 10 parts of sodium 
silicate one part of glucose and four parts of 
water, until it is of such consistency that it may 
be applied with a brash. 

♦••Tire paint, liquid rubber is a preservative 
and beautiner of tires. It gives the tire a white 
coating. It is made of pure unvulcanized rubber 
in solution. It can be applied with a brush and 
if used at regular intervals, it is claimed it will 
prolong the life of the tire because it penetrates 
and runs into any small cuts or holes and seals 
them over, thns in a measure preventing moisture 
from reaching the fabric. It Is also suitable for 
golf balls, rubber mats, and a highly satisfactory 
rust preventive for rims. Secured at supply houses. 


"See index for these various subjects. See aleo index; "top repairing." tSee also page 588. 

A very satisfactory tire paint for finishing the inside of a tire after repairing may be made by 
mixing thoroughly one gallon gasoline, one half pint 0-85 cement, 1% pounds soapstone and % pound 
whiting. Many successful repairmen are using this formula with the best of results. 

•"See page 571; how to make paint to paint inside snd outside of tire. 
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Pointers on Shipping an Anto. 


An auto will only bo received for transport 
by freight either crated or set up. The usual 
method in shipping by freight is to ship it com* 
plete and run it right into the car; see that the 
railroad company block the wheels so that the 
auto will not pitch forward or backward. It is 
also well to see that the machine is braced from 
the side. 

Get a clear bill of lading from the railroad 
company so that you have something to secure 
damages with in case of car being smashed. It is 
well to box the cushions and all loose parts 
separately. The charge for conveyance must be 
ascertained by the railway company 

Place the vehicle in the car parallel with the 
sides; and see that the front wheels are in line 
with the back wheels. Wrap the lower third of the 
tires with burlap to prevent chafing; and set the 
brakes. 

To block wheels, fasten eacfi wheel to the 
floor with a strong band of canvas or several 
layers of burlap of 
the width between 
two spokes. Secure 
the band to the floor 
on each side of the 
wheel with blocks 2 
by 4 by 12 inches. 
Place these blocks 
parallel with the 
wheel, using plenty of nails or spikes. 


Use blocking in front and behind mt 
one-third as high as the diameter of the 
and at least one inch wider than the tire, 
this securely to the floor and tie togetba’ i 
one or two-inch lumber from block to block. B 
the blocking of sufficient width so that 
boards used to tie blocks together will cl ew 
tire at least one-half inch on each aide. 

In packing the auto, empty the gasoline 
water tanks and disconnect the batteries, if i 
trie cars, remove batteries. 



The tires should be tightly 
edges of the boards and blocks next to the 
should be rounded or beveled, so that if i 
should become deflated or in any way come 
contact with the boards or blocking, they i 
not be so liable to chafe. Place cov e r ing e 
the vehicle to keep off dnst. Also remove laa 
to prevent damage to them. 

Freight cars should be carefully in sp ec t ed 
see that they are fit for loading. If there 
nails or other projections in the floor or 
the car they should be removed. If the 
appears to be leaky, or Its fastenings for 
both end and side, are not complete or 
the car should be refused and a car suitable 
loading demanded. Failure on the part of 
shipper to do - this renders him liable fsr 
damages resulting from having loaded the v 
cle in a car manifestly unfit. 
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Daily and Periodical System of Car Inspection. 


( 1 ) 

( 2 ) 

(3) 


(4) 


( 5 ) 

<«) 


(8) 

( 9 ) 

(7) 


(1) 


(2) 


Look to the following every few days: 

Fill gasoline tank. The fnnnel that is used 
for gasoline should never be used for water, 
lubricating oil, or anything but gasoline. 

Fill raditftor. 

“Tickle” or prime the carburetor, to make 
sure that the float is free and the gasoline 
flowing. At the same time inspect the con¬ 
nections of the gasoline line for leaks and 
loose joints. 

Test the batteries, and see that the storage 
cells are properly filled with electrolyte, 
(see page 464.) 

Bee that the ignition is working properly 
and no miss. 

Lubricate the engine—See page 204. 

Make sure that the oil has not drained out 
of the crank case. 

Beginning at the front of the car and work¬ 
ing to the rear, screw the grease cups down 
slightly, filling those that are nearly empty. 
While doing this, watch for loose nuts, and 
for partB that may be out of place, loos ( e or 
in need of attention. 

Be particular to keep the steering mechan¬ 
ism in good condition, and plentifully lubri¬ 
cated. 

Pump up the tires, and keep them pumped 
up. For pressure to use see tire subject. 
See that the tools, supplies and extra parts 
are on board. 

Test the brakes, (very important.) 

When accustomed to it, this system will not 
require much time and it will result in the 
condition of the car being under observation 
at all times. 

The above points should be observed for 
every run, but others should be attended to 
from time to time. 

Look to the following about every week 
or every 1000 miles: 

When the car has run 1,000 miles, the 
crank case should be drained and washed 
out with kerosene. See “cleaning crank 
case,'* page 201. 

Grit and dirt will work in and thicken the 
oil, and must be removed. 

Drain and wash the change speed gear case. 
Constant use will grind particles of steel 
from the gears, and cause rapid wear. 


(3) Fill the gear case so that the einalleci f u 
dips into the oil about a half inch. £*■ 
page 208. 

(4) If the differential runs in oil, wash it ni 
renew the oil two or three time* * 

' if it is packed with grease, one filling a ve- 
son is suffioient. (see page 205.) 

(5) Every 2,000 miles, take off the wheels, rleai 
and examine their bearings, and repack w.tt 
lubricant,, being carefnl to readjust 
correctly/ 


t+Inspect!on Before a Long Tour: 

(1) Wash and polish the car. 

(2) Drain and flush out the radiator; put i* 
fresh water. 

(3) Clean and inspect the engine; change ths 
oil in the oiling system, after draining oU 
oil. See pages 200 and 201. 

(4) Clean and adjust the clutch. 

(6) Clean the gearset and add new lubricants. 

(6) Clean and lubricate the universal joints. 

(7) Clean, adjust and lubricate rear site. 

(8) Clean and adjust the brake—see Index. 

(9) Inspect and adjust the wheel bearing*. 

(10) Clean, inspeot, adjust and grease the steel¬ 
ing mechanism. 

(11) Inspect the tires, and have cute or injuries 
repaired. 

(12) Clean out the gasoline tank and line, espe¬ 
cially the strainer. 

(13) Clean out engine, put in freeh oil aai 
clean carbon—see pages 200 and 201, alse 
index. 

(14) Inspect the ignition wiring and storags 
battery and clean distributor points sad 
interrupter. 

(15) See that wheels and axles are in proper 
alignment. 

(16) Adjust the carburetor and see if well tight¬ 
ened to manifold. 

(17) Fill the radiator with an anti-freesiax eola¬ 
tion (if cold weather). See page 193. 

(18) Examine and test the storage battery —m 
page 460. 

(19) Test the compression of your engine—••• 
index. 

(20) Tighten all spring bolts and nuts. 


ttSAA instruction 87 for “Necessarv" Accessories for Tonring. 
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INSTRUCTION No. 37. 


ACCESSORIES; TOURING: Necessary Accessories. Desirable 
Accessories; Speedmeters: Horns, etc. Touring Equipment. 
How and what to Cook. Lincoln Highway. Transcontin¬ 
ental Tour. 


♦♦Concerning Accessories and Equipment. 


To differentiate between tne accessories 
and spare parts actually 1 ‘necessary * ** * on a 
wax, and those which are really only lux- 
odes or “desirable" accessories, one has to 
imve used them all under varying condi- 
ions and over extended periods to gain a 
knowledge of the desirability of each and 
an intimacy with their general utility. 

Many a noviee having unfortunately got 
Into the clutches of an unscrupulous dealer, 


has bought nearly every fitting on the mar¬ 
ket being assured it is the right thing for 
an up-to-date car to be so equipped. Poor 
man! He finds it expensive work, and if 
the brass cleaner says little, he thinks a lot. 
In the beginning, be it understood that this 
article is primarily and exclusively intended 
for beginners, for I neither claim nor pre¬ 
tend to be able to teach the “old hands" 
much, as they, no doubt like myself, have 
learned these things for themselves. 


Necessary 

$The necessary equipment for a car should 
consist of: Lamp globes or bulbs, horn, 
tire tools, tire repairs, extra tire and tube, 
tool kit, jack, tow- 
rope, top, windshield, 
speedometer, bumper, 
hydrometer, odometer 
and a good dock. 

Though the clock Is 
the last on £his list it 
is very necessary, and 
it should be of the best 
and well built to stand 
vibration. As cars are 
driven in all seasons of 
the year the dock 
should have & compen- 
by wrihua gating balance so that 
Watdi Oo., Waltham. it ^ not be affected 

by extremes in tem¬ 
perature. 

Experienced automo- 
mile drivers advise a 
dock to do away with the inconvenience of 
referring to their watch when dothed for 
cold or stormy weather as a few seconds 
necessary to do this might result in an ac¬ 
cident to the machine or passengers. 



Automobile docks 
re made in many do- 
_ by Waltham 
Fateh Oo. f Waltham, 
-lass. Note the **0 77 
on dlaL A red signal 
will appear every 8 
days which is a notiea 
to wind. 


Necessity of a speedometer. A speed¬ 
ometer is necessary in testing a car to learn 
its speed capabilities under various condi¬ 
tions—in order to time trips over various 
distances—to avoid violation of the speed 
limit laws, the penalty for which is arrest 
and fine. 


Purpose of a speedometer. The speed¬ 
ometer for automobiles is an instrument for 
measuring and indicating—in miles per hour 
—the exact speed at which a car is being 
driven. The number of miles per hour 
shown at the dial of the speedometer is the 
actual speed at which the car is traveling 
at the instant of indication. For this rea- 


Acces8orle8. 

son the numbers shown constantly change 
as the car is driven faster or slower. 

tNecessity of an odometer. The odometer 
is necessary in auditing the cost of oper¬ 
ating and maintaining a car. It enables 
the owner to tell how much gasoline is 
used per mile—how much his tire expense 
per mile amounts to—how much mileage 
he gets out of his car. Thus it enables the 
owner to make comparison of the eost of 
operating and maintaining his ear, with 
the cost of operating and maintaining a car 
of another make. The recording and re¬ 
setting features of the trip register part of 
the odometer is a necessity in following a 
guide book when tonring. 

Purpose of an odometer. The odometer 
(combined with the speedometer) is an in¬ 
strument for measuring and recording—in 
miles and tenths of miles—the distance a 
car travels in making a trip. It also records 
the entire distance traveled during an en¬ 
tire season. 

Purpose of a grads indicator. The grade 
indicator sometimes combined with the 
speedometer, is an instrument for indicat¬ 
ing the exact grades of ascents or hills 
negotiated by the car. This instrument 
would come under “desirable" and not 
“necessary" accessories, see also pago 089. 

In selecting lamps or lighting outfit, I 
would insist on electric light equipment 
with a first class lighting battery and lamps 
with adjustable reflectors and non-glare 
headlight lens, if car is not already equipped. 

I would also insist on a good jack, not 
the average, as usually included with car, 
but a good one. The Hartford, Buckeye or 
Badger. 

A bumper will often save the radiator and 
is quite often placed on the rear of ear as 
well as in front. 

A motometer (as shown on page 188), 
should be on the radiator of every car. 


*See page 349, for description of an qjectric clock. $A gauge to indicate quantity of gasoline 
in tank per page 823, would be considered as necessary. 

**For accessories to sell in a garage and equipment of stock room—see Instruction 45. 
tThe odometer is usually embodied in the same case with speedometer. 
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Mechanism of Van Slcklen speedmeter showing odometer and 
phantom view of speed dial. 

1 _Aluminum speed dial; 2—Records mileage for the season; 

8—Records mileage for each trip; 4—For resetting trip register; 
6—Case containing air circulator gears; 6—Vane inside of speed 
dial; 7—Hair spring holding speed dial in position; 8—-Pivot 
of speed dial: 9—Jeweled bearings in which pivot of speed dial 
is set; 10—Gears driving odometer. Tenths of miles are re¬ 
corded on dial at the extreme right. 


Fig, 1 —Drive 
from transmission 
shaft with a wire 
belt. 

A— Split pulley on universal ; r . 
hub; B—Bracket supporting trivm 
pulley; 0—Driven member if w-ti 
flexible shaft is attached; 
drive belt. 



♦Brief Description of Van Slcklen 
Speedmeter. 

The Van Slcklen speedmeter is an instrument which cali¬ 
brates an air current and translates the result into aulea per 
hour. The air circulator consists of two intermeshlng jIjjsl 
num gears housed in a chamber in which there are two ope* 
ings, one from the outside and away from which the pm 
rotate, the other opening- conducting the air into the sp mi 
dial chamber where tfce air is directed against a light vaae 
Attached to inside of speed dial. 

The speed dial is an inverted aluminum cup mounted m s 
pivot set in jeweled bearings. The amount of air directed 
against the vane in speed dial is governed by the speed at 
which the air circulator is driven by the flexible shaft. TVt 
speed dial when the car is at rest is held at scto by the 
action of a nickeled steel hair spring. 



Fig. 5 


Checking a Speedometer. 

A simple test worked out by Mr. S. T. Williams of Motor World 
is shown in table below and as follows: 

When the drive is from front wheel, jack up wheel. A chalk mark 
is then placed on rim of wheel and wheel turned as fast as possible. 

At a signal, one person reads the speedometer, and another counts the / 

revolutions for one minute as timed by a stop watch, or second hand 
of a watch. The number of revolutions of the wheel, and the speed* 
meter reading at the start and finish are noted. (By adding the two 
speedometer readings, and dividing them by two, the average speed u 
recorded by the speedometer is determined.) 


The actual speed mey be obtained from the chart in fig. 5. 
the revolutions in the minute to have 
been 94, a horizontal line is followed 
until it medts the slanting line repre¬ 
senting the diameter at the front 
wheel. Dropping down vertically, the 
speed is seen to be 9.6 miles per 
hour—which should correspond to the 
speedometer readings. If carefully 
made, this test is quite accurate, and 
requires little time. 

Troubles 

The indications 


of 

trouble are dial or 
pointer vibration, or 
failure of the instru¬ 
ment to register. Start¬ 
ing with the road wheel, 
examine the parts as per 
fig. 8. Begin with 1. 
The head (7) is the last 
part to inspect. 


Supposing 



SVJVIL JOIST 

Fig. 3—Drive from front wheel. 




TWAHT tjo 220— Van Slcklen Speedmeter. Transmission Shaft. Checking a Speedon** * 
Accuracy. Speedometer Troubles. % 

term “Speedometer” is always used. 


. .J 
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Speedometer Principles. 

Tbe magnetic principle as indicated in 
tewart- Warner and American Ever-Ready 
istmmentB, utilizes a revolving magnet posi- 
Lvely driven from the car wheel or other 
art. The magnet exerts its influence on a 
aetal part which is separated from it by 
tm air gap and which in turn is connected 
vitli the indicating mechanism. The metal 
»art la generally aluminum, as the inertia of 
the part must be kept as low as possible to 
suUke the speedometer quickly sensible to 
■peed changes. A feature of the magnetic 
design is that the travel of the dial bears 
a direct ratio to the speed of travel of the 
magnet, and in order to compensate for 
changes in the drag due to temperature dif¬ 
ferences, a compensating unit is fitted. 


are made very sensitive so that even at low 
speeds the correct rate of travel may be indi¬ 
cated. 

The air principle is used on one make, the 
Van Sicklen, which is described in chart 220. 

Liquid or hydraulic principle: One instru¬ 
ment, the Veeder, which employs the hydrau¬ 
lic system, uses a centrifugal pump which is 
connected with the drive and which lifts a 
liquid to a height proportional to the speed 
of the drive. The tube in which the colored 
liquid is lifted is calibrated to register speed. 
See illustration. 

Speedometer Drive Methods. 

Front wheel drive: The speedometer can 
be driven from the front wheel or off the 
transmission shafts as per fig. 5. The usual 
plan is to drive with gears but a wire belt as 
per, D, fig. 1, chart 220 can also be used. 

Transmission drive: Instead of placing the 
speedometer drive on the front wheel which 
has been the standard former method, it is 
now quite often placed just rear of the trans¬ 
mission, on transmission main shaft. Fig. 5 
shows how the driving gear is attached to 
the front of the forward universal joint. The 
swivel joint and gear section are clearly de¬ 
picted. Other manufacturers are now adop¬ 
ting a set of gears inside of the transmis¬ 
sion case, to drive the speedometer shaft. 

Ratio of Gearing. 


Centrifugal control as utilized In speed¬ 
ometers is very much the same as that on a 
fly-ball engine governor. Standard, Johns- 
Manville, Sears-Cross, Corbin-Brown, Hoff- 
eker and Garford use this principle. Weights 
are mounted on the revolving shaft by bell 
erank levers which allow them to travel fur¬ 
ther from the axis of the shaft as the speed 
of the drive increases. The centrifugal force 
of the weights increases as the square of the 
velocity of the shaft, meaning that at foui 
times the speed, the force doubles. 

This tendency of the weights to fly from 
the axial center of the shaft under the in¬ 
fluence of centrifugal force furnishes the 
basis of the indicating needle movement. An 
ingenious feature in centrifugal design is 
that although the movement of the weights 
would naturally vary as the square of the 
speed, the levers or cams governing the move- 


Ratio of gears for speedometer when driv¬ 
en from front wheels is found by doubling 
the diameter of tire and this gives the num¬ 
ber of teeth necessary in the large driving 
or road wheel gear. For example a 30x4 tire 
would require a 60 tooth gear, etc. Driven 
pinion (small one) on all Stewart-Warner 
speedometers, for front axle drive have the 
same number of teeth, viz., 16, and drive 
through a 2^ to 1 swivel joint reduction. 

The gear reduction in the swivel joint 
is mounted close to the driven pinion, as 
shown in figs. 4 and 6, and when installed on 
the left hand wheel, a swivel joint is used 
which reverses the direction of rotation. 

Calibration: The Stewart-Warner speed¬ 
ometer flexible shaft, travels 1009 revolu¬ 
tions per minute when the car is traveling 
60 miles per hour. 



On the Waltham, which is illustrated above, (to the left), the flexible shaft is made up of a series of 
links, L, which are held in position by a series of steel collars M. 


CHART NO. 221—Speedometer Principles Exemplified; Magnetic, Centrifugal, Air and Hy 
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The Electric Horn. 

There are two types, the vibrator type and the 
electric motor type. 

0 x 1 a no The electric vibrator horn, 

1 \ 7 hg. 7: There are no revolving 

B * parts. The magnets (M) cause 

the vibrating spring (B) to 
strike the adjustable rod (A) 
which is attached to diaphragm 
(D) and breaks contact at 
points (0 C). The construe- 

I I ' 4 T_ tion of the vibrator is similar 

■ I to an electric bell as is also 

the adjustment. The idea be¬ 
ing to adjust vibrator (B) in relation to rod (A) 
to. obtain a greater or less number of vibrations 
(similar to fig. 1, page 234) which increases or 
decreases the sound. 

Points (C C) should be of iridium platinum, else 
will wear down and stick. Amperage consumed is 
4 to 6. 





The electric-motor horn, fig. 5; consists of a 
small electric motor with armature (M), field wind¬ 
ing, commutator and brushes. When armature re¬ 
volves the glass hard toothed wheel (\V) rubs the 
glass hard button (B) which is riveted to a dia¬ 
phragm (D)—see figs. 5 and 6. It is 
from this diaphram that the sound 
is obtained. 

The Voltage required for Klaxon 
horns is 6 to 8 volts. A storage bat¬ 
tery or 6 to 8 dry cells can be used. 
The amperage or current consump¬ 
tion is fixed for each size of Klaxon 
horn as stated under illustrations. 

If In testing horn, as per page 
418, it Is found that the current or 
amperage consumption is greater than the fixed 
amount, then it is likely due to dry or dirty bear¬ 
ings, commutator and brushes, caused by instru¬ 
ment not receiving the proper lubrication. 

Connections can be two wire or grounded, per 
page 515. 


♦To Adjust the Klaxon Horn. 

• To adjust 20L, fig. 1; loosen the lock nut (A), 
start the current by pressing the push button. While 
it is sounding twist the motor case until no sound 

is heard except 
the buzzing of 
the motor. Con¬ 
tinue twisting, in 
either direction, 
until note is loud 
and clear. When 
note is as de¬ 
sired tighten lock 
nut. 

To adjust the 
Klaxon 12-L and 
Klaxon-6, figs. 2 
and 3, loosen the 
screws and re¬ 
move cover (C). 
You will find a 



Fig. 1. Klaxon 20L 
uses 7 amperes. 



Fig. 2. Klaxon 
uses 8 amperes. 


12L 



lode nut < A1. if. 
5. While mi 
is running ad¬ 
just seres (61 
until the note is 
as desired. Tta 
action forces 4c 
armature 
with it* »hed 
(W^ against the 
place co 


Fig. 3. Klaxon-6 

uses 5 amperes and 
Klaxette not shown, 
3 amperes. 



button (B). Rep 
and tighten screws 

To lubricate; clean ud 
lubricate commutator oa« 
a month at follow*: With a 
dry cloth wipe conuasUar 
clean. Apply a little ▼*** 
line with a clean desk 
Use thin oil in winter. A?- 
ply this to commute 
The slightest film is allt— 
is necessary. Every three 
or four months a little vase¬ 
line should be applied a» 
toothed wheel (W). Oii 
shaft bearing once a mansi¬ 
on the Klaxon 20-L. __ 
Fig. 4. Klaxon-3, hand once a week through «sl 
type. Klaxon S3 type hole (O), fig. 1. tiive tw 
is seme except it has drops of cylinder oil. 
a vertical push rack. 

Miscellaneous Accessories. 

Fig. 4—The Buell compression whistle, screwed 
into cylinder in place of relief cock, operated fria 
seat. Mfg’d by Buell Mfg. 
Co., Chicago. 

Fig. 3—A mirror useful 
for seeing car behind. 

Fig. 5—A bumper will 
save lamps and radiator » 
case of collision. Should 
be on rear as well as front 
of car—(see page 736). 

Fig. 6 — Tonneau wind 
shield, mfg’d by J. EL Ton¬ 
neau Shield Co.. 177” 
Broadway. N. Y. A very 
desirable accessory, useful 
for winter or summer. 




♦♦The Magnetic Gasoline Tank Gauge. 

These gauges are made for either pressure or 
gravity-feed tank; the amount of pressure make* 
no difference. The principle of the “Triumph” 
gauges is simplicity itself. A hollow metal float 
(F), (fig. 2), tested to one hundred pounds pres¬ 
sure, is threaded upon a min metal bronze ribbon 
(R), which is suspended from the top of the tube 
and to which a perma¬ 
nent magnet (M) is at¬ 
tached. 

The bronze ribbon 
passes through a tube in 
the center of the float. 

As the float travels up 
and down inside the tube 
of the gauge with the 
rise and fall of the fluid 
in the tank, it is turned 
by a spiral cut (C) in 
the tube. This naturally 
causes the metal ribbon 
to make a turn, also 
turning the magnet 
which exercises its pow¬ 
er through the solid 
head of the gauge, and 
turns the magnetic hand 
on the face of the ditfl. 



CHART NO. 222—The Electric Horn. Miscellaneous Accessories. 

*See page 418, testing an electric horn. **See page 823 for the “Gasograph/’ a very necessary accessory 
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♦♦The desirable accessories are such as; 
shock absorbers, which will save their cost in 
time by preventing broken springs and vibra¬ 
tion and jar to the car (see page 26). The 
greatest shock when going over rough places 
on. the road is during the rebound. The shock 
abeorber absorbs this rebound motion and 
also prevents broken springs. See index 
“ shock absorber.” 

A mirror on windshield so placed that the 
driver can see behind him, is another desir¬ 


able accessory,- as is also a mechanical tire 
pump. An electric hand lamp with several 
feet of lamp cord—for exploring around the 
engine or car—which attaches to the dash 
light socket by removing the bulb, is also 
very handy. 

A tonneau windshield as per fig. 6, page 
514 might be termed a necessary accessory. 

Lack of space prohibits the enumerating 
of other desirable accessories both wise and 
otherwise. 


Signal Alarms. 


There are a variety of devices properly 
designated as signal alarms including: 
bells, bulb horns, electric horns, exhaust 
whistles, compression whistles, etc. 

In the early dayB the mechanics! electric 
MU, operated by the foot, was the applied 
method for warning the pedestrian—pos¬ 
sibly this was not necessary as the cars in 
those days made sufficient noise to warn 
a block ahead. 

Than came the bulb horn, but the old 
style bulb horn has about seen its days. 
It is seldom used, because of its difficult 
method of bulb operation and getting out 
of adjustment at the reed. 

The compression whistle is the type shown 
in fig. 4, chart 222. It is desirable where 
there is no battery or where the. battery is 
not of sufficient size to operate an electric 
horn. This type of alarm is very popular 
and saves battery current. 

The exhaust horn or whistle was used 
extensively at one time, but is now seldom 
used. 

The hand operated 
horn, as per fig. 4, is 
not desirable for two 
reasons: one is as per 
above and the second it 
is operated, by hand at 
an inconvenient place. 
It is too near driver, 
whereas it ought to be 
nearer the front of car. When side cur¬ 
tains are down the result is, the noise is 
thrown inside of car instead of outside. 

The vibrating type of electric horn is 
similar to a vibrator on an electric bell. 
Instead of the clapper striking a bell, it 
strikes against an adjustable rod, which is 
connected to a diaphragm (D), as explained 
in fig. 7, chart 222. 


fThe motor type of electric horn consists 
of an electric motor of small size with its 
armature and winding (M). On the end of 
the armature shaft a case hardened steel 
rachet wheel (W) (see figs. 5 and 6) strikes 
against a hardened steel button (B) on the 
diagram (D). The motor horn is the more 
desirable. 

Construction of the electric motor horn; 
there are two types. The vibrator type of 
horn as shown in fig- 7, chart 222, and the 
motor type, figs. 1, 2, 3, 5 and 6; fig. 4 is 
a hand operated type. 



Wiring on electric horn can be either "two- 
wires,” fig. 10, or "grounded" return, fig. 11. 

Fitting the electric horn to a car; a horn 
ought to be placed on the opposite side 
from driver and far away, in front of car 
if possible. The reason is, the noise is then 
away from occupants of car and the sig¬ 
nal is placed where it is most effective, 
usually under the hood, to the front. 

Adjusting a Stewart electric bom, fig. 12, 
is very simple. Always lock screw (3) with 
nut (N) after adjusting. 

Horn brackets fig. 13 are for automobile 
use and are arranged so that horn can be 
mounted at different angles. M and 83 are 
for motor boat use. American Electric Co., 
Chicago, supply brackets. 

Handles for hand actuated horns (fig. 14) 
can be had of some of the horn manufac¬ 
turers,^—suitable for long continued blasts 
when used on boats. 



HAND 

ACTUATED 


♦A Transcontinental Tour- 
The transcontinental tour is now compara¬ 
tively easy and decidedly worth while to 
anyone who can possibly arrange to take it. 

I say “now,” because such has not been 
the case in the past. Until very recently, 
a trip across the continent has been more 
or less of an adventure, a somewhat haz¬ 
ardous as well as an expensive and lengthy 


—The Lincoln Highway, 
undertaking, requiring some measure of en¬ 
durance. 

Frank Trego in writing an article for 
Motor Age giveB some very interesting data 
on touring. This article,—a part of which 
we give—was printed in Motor Age, and is 
reproduced on following pages. 


•For a shorter tour, the reader can go over the lists on pages 517 to 520 and select what he thinks 
will be required. 

*Lamp lens which are not glaring are necessary in most States. tSee page 418 testing electric horn. 
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PIG 6 PlDC 


Fig. 5—Explain! the method of mi 
cooking fire as described in Mr. Trag* § i 
•tractions on pages 510 and 520, tfH i 
iron rods CB) and iron frame with era 

Fig. 6—Explains the method for 
a baking fire which must be high. Sett te 1 
•ticks (A) are of green material whereas At 
burning material is dry. 0 U lb# p 
baker, made of aluminum. 


Fig. 22.—The Anlo-Eot C# 
manufacture a very serrkaaUs 
and compact adjustable m 
which can be placed pa aha tap 
of rear seat, and from B«*t stf a 
6 or 7 passenger car. Tt esa b 
folded in a very compact faw 
and placed back of the trms 
seats, (Peoria Auto-Eof Gl. 
Peoria, Illinois,) 



A Cinp Bid f»r 
Motomli That 
can be Fold'd into 
Small Space 
Carried on tn- 
RunBing Board 


7*LONG 
4'WIDE AMD 
*IGH 



Fig. 14—Pictures a new idea of camping. A trailer (flg. 14) is carried with yon and it is 
H will travel 60 miles per hour along with car. The tent and all parts are placed into this trailer. 

Fig. 16-^—Shows the tent when removed from trailer and trailer used as the floor, and tail 
trailer is utilised for a step. This outfit is made by the Auto-Kamp Equipment Co., Saginaw, Mich. 

Fig. 16 shows another principle. Note the compact form of the outfit (fig. 17) when placed in taz 
on running board and covered with canvas. 

Fig. 18—-Explains Mr. Trego*s method for erecting tent as explained on page 517. The one man aa4. 
two man tent ia shown. Note the bottom of tent itself is used to hold the sides. This tent made of baDsaa 
silk can be swung between two trees or poles. 

Another outfit shown below: The tent has a floor 8 feet squat* 
which is sewed in. An extension of about 2 feet on the front ed*t 
of the floor can be fastened over the running board of the ear. lbs 
front wall of the tent is 7 feet high and extends over the tat 
of the car when the tent is pitched in this way, or it may be aaed s 
a straightfront for the closed tent when the car is not attached. 

Two 7-foot poles prevent undue strain on the car top. The pebt 
were cut with slip joints to be of proper 4-foot length to carry is 
the running board. The side walls have extensions of about 10 iadkn 
on the front edges to fasten to convenient places about the eat. 
making a tightly closed tent in case of storm or cold wind. Os* 
side wall has a window, and the other has a door. 

The rear wall is about 3% feet high and was kept at a convsakst 
height by its location near a fence, tree or other object to whisk 
ropes could be attached. 

The tent was made of khaki at a coat of $18. Folding camp sab 
were used . The use of heavy blankets on the tent floor during east 
weather was 
preferred to the 
cots. The tent 
was adapted to 
an Overland by 
4k’ a 6 inch flap 
. sewed to the 

Fig. 20.—To use your watch as f ron t wall to 

a compass: Point the hour hand make sure of 

of your watch to the tun at any protection for 
time of the day, then lay the watch the car. The 
flat in your hand. A point midway B i % e given is 

between hour hand and 12 on dial suitable for a 
will be due South. car having a 

7% 6r 8-ft. top. 




CHART NO. _Camping Outfit. Camping Tents. How to Build a Fire. Watch as a 
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continued from page 515. 

eon drive for nearly 2,000 miles across the 
nntry without once being more than half a 
ile from the familiar red, white and blue Lin* 
to Highway markers. 

TLe only thing which might make a coast-to* 
•»t Automobile trip a hardship, would be a lack 
proper equipment and perhaps the wrong time 
3T«aar. 

Tho greatest asset on a trip of this kind is 
common sense." The next greatest asset is 
efficient equipment." 

Vine time required for the trip, with easy drlv- 
ngg* wrill be nineteen days, driving approximately 
ina la.ours per day. This will make an average of 
Pproximately eighteen miles per hour, during the 
riving time. 

Pres s; White collars and cuffs are impossible 
ta camp and soiled linen looks a thousand times 
rorse than a flannel shirt. The khaki and flan* 
lel mre much more welcome in a hotel. 

Mate ready before starting—not after. Fit 
reurself ss well as your car. 

The tent: If a one person affair where two 
sleep together—a balloon silk tent, 7x7x7 feet, A- 
sheped with water proof canvas floor sewed in, 
Axad loops along the ridge to tie rope when 
stretched between trees or in using poles. (See 
19, chart 228.) 

The one person tent, (flg. 18.) called the Trego 
tent can be A-shaped, 7 feet long, 4 feet high by 
A feet wide, with a ridge rope sewed on and 
Attending about 10 feet beyond each end. Floor, 
water proof canvas sewed into the sidewalls 
which hang over slightly. 

At the head end is a little window covered with 
mosquito netting sewed in, and outside of this 
4 a s curtain which may be raised and lowered at 
will from the inside of the tent. At the foot 
sure two flaps, overlapping each other when 'closed, 
and equipped with snaps and rings for fastening 
either open or closed. Sleep with the flaps and 
window of your tent open unless it is storming. 
A rope loop is attached to each corner for stakes^ 
but, as a rule, the stakes will not be necessary, 
as the bedding holds down the floor. 

This tent may be slung between two trees. 
If not used in this manner, the ropes at each end 
should be led over 4*foot stakes of some kind 
and the comers of the tent must then be staked 
down, so that the walls will act as cross pieces 
to keep the end poles upright. 

This sise tent will take blankets folded once 
over, and all of the extra clothing, etc. can go 
under the blankets at head and serve as a pillow. 

The blankets are to be pinned acrosB the foot 
of the head end, with horse blanket safety pins, 
procurable at any harness store, spacing them 
about 8 inches apart. There should be 2 pair 
of heavy blankets and one cheap cotton quilt. 
Fold this last mentioned over once and place 
under blankets to serve as a mattress. 

Always keep a small whisk broom handy. 

Sleep with clothes on, unless weather is warm, 
simply remove your shoes, leggings (use only 
canvas leggings, not leather), hat and handker¬ 
chief. 

Oamp location. Pitch where natural drainage 
will carry water off in case of rain. In the 
forest, cut a lot of small pine branches, no thicker 
than your Anger, and rip-rap these with the 
stems to the foot, making a pad the full width of 
your tent, and about a foot'thick, before you lie 
upon it. If there are no trees to furnish this, dig 
a trench about 3 inches deep by 8 inches wide 
just where your hip will come when yon lie upon 
your side. This will add wonderfully to your 
comfort. 

It makes no difference how the tent is placed, 
except do not get the foot or open end toward 
the wind. 

Protection from the wind; try to get the camp 
out of the wind, on account of cooking. Along 
side of the woods is much better than in them, 
on account of the mosquitoes, flies, bugs, etc. 
tret near cunning water, if possible, although by 
carrying a 5 gallon milk can on running board 
you are independent. 


Drinking water: Should be selected and ear¬ 
ned in a 5 gallon milk can which can have a 
wood circle placed on running board to hold in 
place and straps made on the order of a harness 
over same. Don't be dependent upon other water 
—keep a supply on hand. 

•When stuck In mud: If the rear wheels are 
stock In the mud, dig holes in front of the front 
wheels for them to fall Into to give the Initial 
start, and, if the car does not continue, then 
block the rear wheels instantly and repeat the 
operation. Place brush in front of the rear 
wheels and turn them as slowly as possible to keep 
from churning. If one rear wheel is on good 
road, try putting on the handbrake fairly tightly 
to destroy the action of the differential, or 
fasten the mired wheel so that it cannot turn, 
and the other wheel will do the work and slide 
the mired wheel along the ground. 

The instant you realise you are getting stuck 
in sand or mud, stop right there and look over 
the situation, instead of fighting the car and 
burying it deeper and deeper. 

Start early and stop before dark to select the 
camp site. 

Use the windshield up to keep the hot, dry air 
from burning your face, and have the top up all 
of the time for like protection. 

Get all of your guide books before you start. 

In asking directions, always apply to e gar¬ 
age or livery stable, but do not depend upon 
farmers, as their knowledge of the road does 
not. extend very far. 

If a party of four, let one do the cooking 
another gather Are wood, another put up the 
tents, and the fourth go over the car with oil 
can and turn up all grease cups, adjust brakes, 
etc. 

The Oar Kitchen. 

This outfit is designed for four people and 
weighs about 10 pounds. All items marked A-V 
may be purchased at Von Lengerke A Antoine, 
Chicago, or Abercrombie A Fitch Co., New York, 
and the unmarked items may be obtained at 
almost any store dealing in such goods. 

A-V 1 Arisona camp grate, 24 by 12 ins...$0.85 

A-V 1 set pot hooks .25 

A-V 1 Aluminum folding baker, 8 by 18 ins.. 8.50 
A-V 1 Canvas case for above baker. 1.50 

The following Armorsteel pieces of cooking 
outfit may all be purchased at A-V. Prices of 
totals given: 

1 Frying pan, 9% inches wide, with patent 


handle.56 

1 Cooking pot, 9% inches wide.85 

1 Cooking pot, 8% inches wide.75 

1 Cooking pot, 7% inches wide.65 

1 Coffee pot 6% inches wide . 1.00 

4 Soup bowls, 4% inches wide.82 

5 Cups 4 inches wide. 40 

Don't use aluminum cups. 

6 Plates, 8% inches wide.80 

4 Forks, with four prongs, 714 ins. long... .12 
4 Knives, 8 % inches long .v.40 

*6 Teaspoons...12 

2 Cooking spoons.20 

1 Carving knife, 1014 inches long.15 

1 Sharpening stone .25 

1 Set tin lids for the pots and frying pan.. 


1 8-prong cooking fork . 

A-V lCollapsible wash basin, 12 by 3 ins... .50 

1 Camper *8 carbide lamp. 1.50 

Abercrombie A Fitch Co. No. 3A937. 

Be careful to read the instructions. 

A-V 1 lb. Carbide for above lamp.10 

A-V 2 Canvas duffle bags, 10 by 24 inches 

(use for food only) . 2.00 

A-V 1 dos. Food bags, 9 by 9 inches. 1.20 

A-V 2 Food bags, 9 by 14 inches.80 


1 Agateware milk can with tight lid—2- 
quart. Use for the stewed fruit only. 

2 Patent egg carriers. 

1 Tin bread pan, 10 by 4 inches. Use also 

for washing dishes.10 


*Pull-U-Out Sales Co., 2024 Market Bt., Si. Louis, Mo., manufacture a device suitable for this 
purpose, see index. 
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1 Inspirator, for camp fire—(2 feet small 
rubber hose, one end of which is slipped 
over one end of a 8-inch piece of copper 
tubing and the other end of this tuning 
is flattened to make a slit about 1/82-inch 
opening). This is a wonderfully handy 
thing for getting a balky Are going. 

Oar Equipment: 

This equipment is suitable for a transcon¬ 
tinental trip or for a shorter one: 

2 Extra tires mounted on demountable rims. 

2 Extra tires with tubes, covers on them. 

4 Extra tubes in bags, under rear seat. 

6 Gallons good water. 

*60 Feet 5/16-inch flexible steel cable. 

1 Medium sise shovel, strapped to running board. 

2 Gallons engine oil, in 1-gallon cans. Under 

front seat. 

1 Set weed chains, heavy type. 

6 Extra cross chains. 

1 Set spring chain tighteners. 

1 Set regular tools for car. 

1 Oar jack. 

1 Pair good cutting plyers. 

1 Piece hardwood 1% inches by 4 feet by 10 
inches. 

1 2-quart canteen. Buy west of Missouri river. 
1 Blow-out patch for casing. 

8 Extra spark plugs. 

8 Feet high-tension wire. 

8 Feet low-tension wire. 

1 Extra valve and spring complete. 

1 Medium-sized axe. Strap to running board. 

1 Small can Le Page's glue, for mending camera, 
etc. 

1 Hose upper radiator connection 
1 Hose, lower radiator connection. 

1 Canvas folding bucket for water; 9 by 12 
inches. 

1 Can cup grease. Under front seat, and so 
packed that it cannot upset when melted. 

1 Set extra electric lamp bulbs. 

1 Set extra fuses for electrical system. 

2 Packages small, cheap towels, for wiping ma¬ 

chinery, etc.; one dosen in each package. 
150 Feet ^4-inch best Manila rope, for pacxing, 
etc. 

Personal Equipment: 

When on a camping motor trip, the first thing 
of importance is common sense. The second is 
proper equipment. 

Now for the list. This is the minimum for 
a long trip, and of course, may be added to 
according to the tastes and ideas of the individual, 
but more is entirely unnecessary and slymld be 
avoided, if possible. 

1 Pair tan shoes, light-weight. Don’t wear 

new shoes. 

8- Pairs light cotton lisle socks. 

A-V 1 Pair canvas puttees, light-weight. 

Don’t wear leather.$ 1.00 

A-V 2 Pairs kahki riding breeches, laced 
below the knee. Don't wear corduroy. 

Each. 8.50 

2 Pairs light wool drawers. 

2 Light-weight wool shirts to match above 
2 Pairs B. V. D. under suits. 

A-V 2 U. S. Army officers’ brown shirts. 


with patched pockets. These are twice 
as warm as $2.50 flannel shirts, and are 

practically wind-proof. Each . 4.50 

A-V 1 Light-weight kahki coat. To wear in 

towns. 2.00 


A-V 1 Heavy mackinaw coat with shawl col¬ 
lar. For driving when it is cold at 
high altitude and by the camp fire.. 13.00 
1 Pair light-weight gauntlets, for driving. . 2.50 

1 Pair old street gloves, for wear around 

camp. 

A-V 1 Kahki hat with narrow brim. Out 

H-inch ventilating holes on each side.. 1.50 

2 Blue and white bandanna handkerchiefs. 

Tie up snug to your neck and don’t 
wear loose like the pictures of cowboys. 


Each.15 

6 Pocket handerchiefs. 

A-V 1 Pair light-weight moccasins. For 


wear around camp and to sleep in. ... 2.00 

1 Toothbrush. 

1 Hair comb. 


1 Pocket knife, three blades and strong. 

A-V I Pocket compass . 2J6 

1 Safety razor and two extra blades. 

1 Can shaving powder. 

1 Shaving brush. 

1 Mirror, small.' 

1 Ingtrsoll watch, with fob. 

1 Pair yellow goggles. Don’t forget these. 

I Pair white goggles. 

1 Tube tooth paste. 

1 Package bachelor buttons. 

1 Pair scissors, small. 

1 Set Needles and thread. 

1 Pair manicure scissors. Don’t forget 
these. Hangnails are a great source 
of trouble on long trips. 

1 Narrow leather belt. 

1 Stick camphor ice. Much better than nny 

form of cold cream and very handy in 
package. Use it only at night unless 
riding in the shade of the top. as the 
hot sun will blister the lips on account 
of the beads of moisture acting as 
lenses on the lips after using the cam¬ 
phor ice. 

2 Dosen cathartic tablets. 

1 Package gause. 

8 Rolls gauze bandages, 2 inches wide. 

1 Tube vaseline, for burns, guns, etc. 

A-V 2 Pairs 5-lb. wool double blankets, 

1 Cotton quilt. 

1 Tent. Trego sleeping tent. Purchase at 
Von Longerke A Antoine, Chicago. 

1 Camera. 

12 Rolls film for camera. 

1 Welcome photographic exposure record. 

This is a red book bought at any photo 

supply store . At 

1 Small whisk broom, for use in tent, etc. 

1 Silk sleeping cap, to pull down over the 

ears. 

2 Coarse towels. 

2 Pipes, if you are a smoker, and plenty 
of your favorite tobacco. 

What to Cook and How. 

Bacon: This is the standby of all eampisf 

parties and is really the best meat to carry, ss 
it keeps well and is easy to cook. It shWid 
be placed on bread and eaten as a sandwich, this 
you will not miss butter. Fresh meat should 
be attempted only by the expert cook. There 
is a science in cooking’ bacon, and but tew 
people seem to catch the idea. I will toy to 
make it as clear as possible. 

In the first place, do not buy the sliced baeos 
under any circumsances. Buy the bacon m 
the slab, as lean as possible, and of tbs very 
best quality. Buy one full slab at a time si 
you go along and cut this into three pieces to 
go into one of the larger food bags. Now, when 
slicing the bacon before each meal, cut the slifct 
at least 8/16 to ^4-inch thick. Bacon, which 
is sliced thin, cannot possibly be fried properly, 
as it will curl up in spite of you and burn «ae 
end while the other end is raw. 

Cutting the bacon: After cutting the slices dovx 
to the rind, cut this off by passing the knife 
under the slices horizontally, with the slab lying 
flat. Lay the slices in the frying pan, putting 
in as many as may be required, regardless <5 
whether they rest on top or each other or not 
Set the pan on the grate and. after the grease 
begins to form, tilt tne pan this way and that 
so that the grease flows all through the slices. 
Watch it carefully and turn the slices frequently 
with your fork. In the meantime, have a piste 
warming on one corner of the grate, and as tie 
slices become fairly brown on both sides, pick 
them out with the fork and pile them up as 
closely as possible on this plate. As soon as all 
are done, cover the plate with another and set 
where it will be kept warm. This will keep 
the slices moist with the heat and grease left in 
them and they will not become brittle and dry. 
The remaining grease in the pan can now be 
poured into one of the cups for future use. or 
that meal, for frying eggs, etc. Eggs fried with 
bacon grease have a fine flavor. 

It is astonishing how few cooks know hov 
to cook rice so that the grains will be soft asd 


*▲ good auto tow line (flexible wire) is manufactured by A. Leschen A Sons Rope Oo., 8t. Louis. 
It is called "Hercules Wire Rope Towing Line” and is 25 ft. long between end fittings. 
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r ®fe stand apart. Boiled rice is a great dish 
or eamp, if properly cooked, bat is miserable 
tnff if cooked into a thick paste. 

Take next to the largest pot and fill it about 
hree-quarters full of cold water and add about 
»ne>half teaspoon of salt, then put in three- 

K iaax-ter cup of rice and put on the lid, placing 
• pot over the fire on the grate where it 
will get a good heat to boil. The rice should 
froil for about 80 minutes, and if desired, it may 
k>« feasted by gathering a little in the spoon and 
elamwing it, to see that the grains are soft. Stir 
froomently and scrape the bottom of the pot 
with the spoon. 

▲iter the rice is done, take the pot to one side 
of the camp and pour off all the water you can 
bv holding the lid in place and turning the pot 
almost up-side-down. Now set it to one side 
witli the l^d on until needed, and the rice will 
steam so that the grains will stand apart. Tou 
will find this a delicious dish, which should be 
served with evaporated milk and sugar, or with 
m sauce of fruit juice. Oook a fresh lot for 
each time served and do not try to save it for 
the next meal. If you have too much rice for 
the quantity of water it will produce a mixture 
lilce glue, and is poor stuff to eat. 

Xffteen-minute bread: Most campers will shy 
at making bread, but really it is very simple 
and is made in about 16 minutes. The patent 
balcer is a marvel and will brown the loaf equally 
on top and bottom, no matter how the wind 
blows. ▲ special kind of fire is required to bake 
bread, so do not attempt it at the regular cook¬ 
ing; fire. 

To build the correct fire, drive two stakes in 
the ground about 2 inches apart and 2 feet from 
tbere drive in 2 more likewise. Between the 
vertical stakes, lay a wall of sticks about 1 
to 1 % -inch thick, perferably green sticks, and 
again** this wall set a lot of fire stuff which 
will burn rapidly and make a high flame with 
little smoke. Tou must have a high flame. This 
should be kept going brightly until the bread 
is done. (See fig. 6, chart 228.) 

Test the bread by piercing the loaf with a 
sliver of wood. If no aough sticks to the sliver, 
then the bread is done. Of course, it should be 
fairly brown on top before testing. Leave the 
pan in the baker and remove from the fire, set¬ 
ting to one side where it will receive a little 
heat from the regular fire to keep warm. The 
aluminum baker will retain the heat for quite a 
while. 

Garry whole wheat flour only, and in the 
larger food bag. Of this take one and one-half 
cups and put It into the bread pan for mixing. 
Add to this one and one-half heaping teaspoons- 
ful of baking powder, one level teaspoon ox salt, 
three teaspoons of sugar and one and one-half 
cups of water. Stir gently until thoroughly 
mixed, but do not beat. Warm the baking pan 
and then grease it all over the bottom and around 
the sides and corners with a strip of bacon rind, 
then pour in the batter you have made 'and place 
the pan in the patent baker. Set this before 
the baking fire quite close, say one to two feet. It 
will begin to rise immediately and will bake into 
a loaf about one to one-half inches thick, which 
will be just right for four hungry people. This 
bread is great, and will stick to your nbs on the 
long hike. It is so much better than baker's 
bread and very little trouble after you once get- 
the hang of it. 

Dessert a la tour: Tou will find that stewed 
fruit is far ahead of the canned goods and much 
better food. In the food list you will notice 
that peaches, prunes and apricots are specified, 
dried. These will be all mixed together and 
used that way. The flavor is much better than 
when used separately. 

Fill your 2-quart milk can about one-third full 
of this dried fruit and then fill up with cold 
water, adding three tablespoons of sugar the day 
before you start, and then at the first night 
stop, place the can on the grate over the fire 
and allow to simmer, first loosening up the lid 
to let the steam escape. After serving the fruit, 
jou can put in more fruit, add more water and 
sugar ana carry it with you to the next stop, re¬ 
peating the simmering process. In this manner 
the mixture will become quite syrupy and of fine 


flavor. About every 8 days empty the can and 
wash out with hot water, beginning over again 
as you did in the first place. 

The breakfast drink: Use 8 teaspoons of 
ground coffee to one cup of cold water in the 
coffee pot. Set on the fire until it comes to a 
boil, then pour one-half cup of cold water over 
the top, going round and round, and a little 
down the spout. Set the pot aside until served 
and then pour carefully and slowly, and the 
coffee will be clear. 

No egg or anything of that sort Is needed to 
make clear coffee. If the coffee food bag is 
tied tightly, it will keep in the ground state all 

right, so do not carry it in the can in which it 

is sold. 

Tea: If tea is used immediately, pour boiling 
water over the tea leaves and let stand for a 
few moments only. If it stands very long with 
the leaves in the pot, it will make a mixture 
which will absolutely tan the lining of your 
stomach. If the tea is to be kept for any length 
of time, put the tea leaves in a piece of cheese 
cloth and tie with a bit of string, fishing this 
out of the pot after the tea has soaked for a 
moment in the boiling water. Shake out the 

cloth and put away for the next time. If the 
cloth is used, you can save the tea for a long 
time and serve cold, if desired. This is often 

handy for the late hunter in camp, if side hunt¬ 
ing trips are made away from the car. 

The army ration: Erbswurst, (pea sausage in 
English) powered pea meal and bacon. This is 
a very palatable and nourishing food, and is used 
extensively as the perfect army food by the 
nations of Europe. It is sold in round packages 
about 1 inch in diameter and 4 inches long, and 
each package is marked in 6 divisions, one of 
which Jb to be used for each cup of water. Boil 
for 20 minutes. It is already seasoned. 

Pan cakes are very nice for a change and 
should be served with maple syrup, as one craves 
sweets when living out of doors. Buy the syrup 
in small cans. For the cakes, buy self-rising 
buckwheat flour and mix with cold water, with 
possibly an egg added for richness, until the bat¬ 
ter is quite thin and will run readily from the 
spoon. Rub the frying pan with grass or a 
rag thoroughly to smooth its surface, then grease 
with a strip of bacon rind and pour in a large 
spoonful of batter at a time, while the plan is 
piping hot. The pan will hold 8 cakes of this 
size at a time. Out them apart with the pan¬ 
cake turner as soon as you can and loosen them 
from the frying pan by slipping the turner un¬ 
der t^e cake without lifting it. As soon as 
you can handle them on the turner, flop them 
over to brown on the other side. . If the batter 
is not thin enough, the cakes will be tough and 
heavy. 

Potatoes are really a necessary article of food 
on a long trip lasting several weeks, and should 
be served about once each day, if convenient. 
Peel the potatoes and then boil them in the 
largest pot for about 20 mlputes, if you are 
going to fry them, and 40 minutes if they are to 
be served boiled only. 

In high altitude, the boiling process will re¬ 
quire much longer, as the water boils at lower 
temperature. "All that bubbles does not boil" 
in the high mountains. 

To fry the potatoes, first boil them as above 
directed and then cut into slices about tt*inch 
thick. Pour about 1/16 inch of the bacon grease 
into the frying pan, covering it evenly. Heat 
this on the fire until it sissies and put in the 
potatoes. Take a knife and immediately chop 
the potatoes into small pieces and put on the 

cover. Stir and turn over frequently with the 
knife and test them for softness with its point. 
When nice and soft they are ready to serve and 
the bacon grease will give them the desired 

browning. The bacon grease has a much better 

flavor than lard. 

Canned Goods; These are good for a change, 
where they can be conveniently carried, but are 
not at all necessary. In all cases of vegetables 
and soups, simply pour the contents of the can 
into one of your pots and heat it over the fire 
Do not forget to stir it to keep the mixture 

from sticking to the bottom of the not 
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Water: Be very careful of the water you 

drink, especially west of the Missouri river. If 
there is a white deposit around the edge of the 
lake or pond from which you wish to get the 
water, it is alkaline and will make yen very sick. 
Fill your bia milk can with good water In the 
towns and then drink that instead of taking a 
chance on water found by the roadside. Animals 
can drink alkali water without harm, whereas it 
would seriously affect a human being. 

This 5-gallon supply of water will be used for 
all purposes, as it will be required only for the 
radiator in case of accident. Fill the radiator 
when you fill the gasoline tank and you will have 
all you need. 

Cooking fire: This fire is to be built under the 

S ate the four legs of which have been driven 
to the ground until the grate is about 8 inches 
high. Build this fire of small sticks, from the 
sise of your finger to 1-inch diameter. No larger. 
Have this fire at some distance from the cars 
and from the main camp fire and on the lee 
side of both. The sticks should not be over 
14 inches long. The smaller the fire, the better 
to keep the heat down, so that the cook is not 
roasted as well as the food. You may build the 
fire the full length of the grate if you wish, but 
koep it down. Do not attempt to cook at the 
camp fire, for the smoke and heat will make it 
a martyr’s job. Fig. 5 shows the proper method. 

A baking fire: Build this away from the 
other two as shown in fig. 6. 

Oantp ^ re: Do not build this near the cars and 
be sure to have it on the lee side of them on 
account of possible sparks. Build a moderate- 
sised fire only, so that you can gather closely 
around it and converse easily. 1 'Injun build little 
fire and sit up close—white man build big fire 
and sit away off.” Build yours the Indian style. 

Be sure to put out all fires with your shovel 
before breaking camp. The western forestry laws 
are very strict about this. 

Packing: Packing the outfit on the car is 

S uite important and it should be standarized at 
he start and then everything always should go 
back in the same place. Much time may be saved 
if this is carried out as all of the party become 
familiar with the location of each item and the 
car will be loaded in an astonishingly short time. 
Method of stowing is as follows: 

Oooking Orate—Under floor mat in tonneau. 
Large water can—Right running board forward. 
Extra tires not on rims—Left running board 
forward. 


2 tent beds—On end. each side of back V 
front seat. Tie to robe rail. 

Cooking utensils—Between these bade is Saa 
neau. 

1 tent bed—Right running board. Strapped on. 

1 tent bed—Left running board. Strapped an. 

Shovel—Left running board behind tires. 

Axe—Tonneau floor just back of beds. 

Food bag—Tonneau floor. Passengers can ram 
feet on it. 

Patent baker—Hanging where it will not fee 
crushed. 

The cooking utensils all go into a canvas beg 
which is sold with them and the outfit is vary 
compact. 

Food List: 

2 Slabs best bacon—lean. 

5 Pounds whole wheat flour. 

5 Pounds sugar. 

1 Pound salt. 

2 Pounds best baking powder. 

2 Cans maple syrup, small cana. 

1 Can pepper, small. 

8 Pounds ground coffee. 

12 Cans evaporated milk, unsweetened. 

1 Roll surgeon’s plaster 1 inch wide—for end¬ 
ing cans, etc 

5 Pounds dried fruit—apricots, peaches, prases 
in equal portions. 

1 Pound tea. 

1 Can cocoa. 

1 Pound self-rising buckwheat flour. 

8 Pounds rice. 

2 Cans tomatoes. 

2 Cans corn. 

2 Boxes graham crackers. 

4 Quarts potatoes. 

12 Packages Erbswurst. 

2 Dozen eggs in patent carriers. 

2 Boxes bouillon cubes. 

Some of the Concerns who Make Camping 
Equipments. 

Marshall-Field Co., Chicago, camping refriger 
ators, lunch equipment, tents and compete essay¬ 
ing outfits. 

Cozy Camp and Auto Trailer Oo.. Indianapolis. 
Indiana. 

Auto-Kamp Equipment Co., Saginaw, Mich. 

Ideal Mfg. Oo., North Kansas City, Mo., folding 
shovel. 

Peoria Auto Kot Co., Peoria Ill. 



Route of the Lincoln Highway. Further information can be had by writing Lincoln Highway Association, DeOdt 

The Official Automobile Blue Book, a Road Guide. 


Assists in planning a tour and gives detsil run¬ 
ning directions. 

VoL Vo. 1. New York and Adjacent Canada. 

VoL Vo. 2. New England and Maritime Pro- 
inces. 

VoL No. 8. New Jersey, Pennsylvania, Dela¬ 
ware, Maryland, District of Columbia and W. 
Virginia. 

Vol. Vo. 4. Lower Mich., Ind., Ohio and Ky. 

Vol. No. 5. 111., Minn., Wis., Iowa and Mo. 
and upper Michigan. 


VoL Vo. 6. The Southeastern States. 

VoL Vo. 7. Mont., Wyo., Oolo., N. Vex, 
Texas. N. and S. Dak., Nebr., Kans., Okla, Aik, 
La. 

VoL No. 8. Calif., Utah, Nev., Ariz. 

VoL A New York City Metropolitan Blue Book. 
VoL Vo. 9. Wash., Oreg., Idaho, British Ooi. 
The price of each volume is $8.00. The ad¬ 
dress of publishers are The Automobile Bias 
Book Publishing Co., 243 W. 39th St, New Lork. 
910 S. Michigan Ave, Chicago. 513 Pacific Bldg. 
San Francisco. California. 


A very Urge space In which to carry needed articles on a tour is to provide a tong box, wtitt 
of running board and cover with black rubber carriage top cloth. This will make a good dust sas 
rain proof receptacle in which to carry clothing, lunch boxes, etc. 





INSTRUCTION No. 38. 821 

NSURANCE, LICENSE AND LAWS: Kinds of Insurance. 
Automobile Registration Fees. Chauffeurs’ License. Laws 
of Different States. Some of the Questions Asked by Some 
of the State Board of Examiners. SELECTING A CAR; 
buying a new car; judging a second-hand car; buying a 
commercial car. 

♦Insurance. 


□Eire insurance is very essential to the 
operation of an automobile, on account of 
tlie exposure it is subjected to, both on the 
street and in the garage, and most owners 
carry fire and theft policies. 

Liability insurance is also a very im¬ 
portant asset, and owners should be very 
careful about their selection of a company 
to carry their risk. The company should 
necessarily be one with large assets, and 
of sufficient financial strength to protect 
the policy holder through years of action 
in the courts, because in some cases; espe¬ 
cially where serious injury is involved re¬ 
gardless of the cause or blame for the ac¬ 
cident, years have elapsed before settle¬ 
ment is agreed upon, or final judgment is 
rendered. 

Kinds of Insurance. 

There are five classes of automobile in¬ 
surance, as follows: 

(1) Fire and theft. 

(2) Liability. 

( 3) Property damage. 

(4) Collision. 

. (6) Loss of use. 

Ftre and theft can be combined in one 
policy, or fire insurance can be written 
separate excluding theft; but the theft fea¬ 
ture cannot be written unless accompanied 
by the fire insurance. Collision can also 
be included in the fire only, or the fire 
and theft policy, but it like the theft insur¬ 
ance cannot be written separately. Liabili¬ 
ty and property damage is usually written in 
a separate policy, although several com¬ 
panies are writing a joint li all risks” pol¬ 
icy covering fire, theft, liability, property 
damage and collision. This can be done by 
re-insurance between the liability and the 
fire companies. 

(1) The standard automobile fire and 
theft policy covers the body, machinery and 
equipment of the car. Extra bodies, robes, 
automobile coats, hats, caps, gloves, leggings, 
boots, goggles and chauffeur’s livery are 
not included unless provided for under a 
separate endorsement, for which additional 
premium is charged in accordance with the 
amount of coverage desired. Automobile 
fire insurance is written in two forms; one 
covers fire and theft, and is known as a 
“valued policy” on account of the com¬ 
pany being liable for the amount stated 
in the policy at the time of a loss; the other 
provides that the company may deduct a 
reasonable amount from the loss for de¬ 
preciation however caused. A credit in the 
• rate is given for the latter form of cover¬ 
age which is known as the 1 ‘non-valued 


form.” A credit of 15 per cent is granted 
from the fire rate where an approved chemi¬ 
cal fire extinguisher is attached to the auto¬ 
mobile. 

Theft Insurance as stated above can only 
be written in connection with a fire policy, 
and the same conditions regarding 11 val¬ 
ued” and “ non-valued” clauses apply. On 
all cars listing under $2000.00 the com¬ 
panies require the attachment of an ap¬ 
proved locking device for which a credit of 
15% is granted from the theft rate. Where 
no lock is provided an additional charge of 
$15.00 is made. 

„ (2) Liability insurance provides pro¬ 
tection against accidents to the public re¬ 
sulting in injury or death. The usual 
limits of liability are $5,000.00 for an 
accident resulting in an injury to one per¬ 
son and $10,000 for an accident resulting in 
injury to more than one person. The pur¬ 
pose of this insurance is to pay judgments, 
costs of court, attorney fees,' witness fees, 
investigation and settlement costs, <md other 
expense necessary to the protection of the 
automobilist, not exceeding however, the 
limits above stated. These limits may be 
increased where necessary by payment of 
additional premium. 

(8) Property damage insurance covers 
damage to the property of others, not ex¬ 
ceeding one thousand dollars. 

(4) Collision Insurance covers loss or 
damage to your car caused by a collision 
with another object. There are three classes 
of collision insurance; one known as the 
($50.00 deductable form), provides that 
the company will deduct $50.00 from each 
claim; another known as the ($100.00 de¬ 
ductable form), provides that the company 
will deduct $100.00 from each claim, and 
still another known as the {full coverage 
form), which provides that the company 
will pay all claims in any amount. * The 
insurable value' on collision insurance is 
based upon the same principle as fire insur¬ 
ance, a fixed percentage of the list price of 
the car being granted in accordance with 
the age, use, physical condition, etc. 

(5) Loss of use: This form of coverage has 
just recently been included, and applies in connec¬ 
tion with the property damage insurance, provid¬ 
ing reimbursement to the owner on account of 
sums he may be called upon to pay to others 
through the loss of the vehicle which has been 
damaged; i. e.: cost of rental of another vehicle 
pending repairs to the one damaged, not exceed¬ 
ing one thousand dollars. 

Rates. 

.Insurance rates vary in different parts of 
the country, therefore it is advisable to see 
your local insurance agent. 


'Above prepared by E. F. Decker Ins. Co., St. Louis. 



AUTOMOBILE LICENSE OF DIFFERENT STATES j th# cost And how to secure A license 
There are two kinds of license issued for automobiles; one to the owner of the car which covers a tax or fee on a car as well 


622 


DYKE’S INSTRUCTION NUMBER THIRTY-EIGHT. 
® 
s 


o 

i 

t 

i 

QQ 

• H 

•s 

• r-t 
% 


‘ s 

I § 
^ © 
«H X 

o 

4 -> 05 

S > 

I & 
s £ 

g >2 
■$ 2 


© 
.2 
53 X 

€ * 

3 

X 
© 


a) 'd o 
§ 


x 

•a ° 

2 o 

3 ^ 

• i—I 

OD 2 

3 S 
«§ tg 

<a © 

o © 
X 

P 


X 
aS 

P +* 
© 
X 
a? E-i 

P 53 

3 « . 
A g 
© © 

*3 

43 a 
© g 

•h a] 

£ © 

? § 
o a? 

. 6* 

« 5* 

O a> 


© 


© 

09 

a 

© 

© 


a3 

05 

•tH 

a> 

43 


© 

43 


u 

as 

© 

© 

43 

© 

> 

’E 

'■o 


cr 1 

e 

05 

S 

od 


O ^ 


9 

3 

i 


° -g *« 
a © 

£ J © 

• 5 ? T 3 

g* S 1 
S „ S 

o 


Jg § 


© 


T3 

cd 

43 


© 
43 
£ 

cS *2 
X 


a 

aS 


t* 

© 

a 

i* 

o 

03 

X 

4-» 


CT 1 
2 

1 

•S 

• 8' 

S’ | 

V “ 
•c § . 

?I ; 

3 

3 


& 

% 

■s •- «> 

g £ > 
In aj r o 

•© 'S 

q; Q 
! • ^ 

-T 03 

g« X 

Pi 4- 
05 bD 

P 
*E 


a 

03 

x 


: 03 

3 


5 © 

09 £ 
*4 * 

P P 

H 

* § 
£*«2 
5 .3. 

2 ® 
© 5 

03 ♦» 
09 

64 

JS* 


2 -c 

bD ^ 

•S3 

E 03 

* 'S 
£2 
•o ® 

§5 

■J © 

X *« 
O 

03 g 

X £ 


03 >—s 

S5 2 


« • s 
h s s 

© -5 S 


§£ 
w nd 

03 *-d 

as 
s * 


« «H +3 ^ X 
44 


t- o ® 


* , o 

03 03 

s » 

x S 

2 x 
g w 

Pi u 
+> * 
g ^ 

P 03 

* T3 
HD § 

3 | 

>i 03 

x q 

CIO .5 

p 

Jg 


•k 05 *P 

g ^ 

Mas 

d 2 ^ 

P'S.® 


^ CQ 

i’ 5 


w »—? 

2 5 


ip 

rH ^3 

w 3 

'g i^9 
2 „ 
5 -S 

*1 

<D ^ 

rH ^“n 
w 40 


o >, 

p. § 
8 | 
g ^ 

09 ^ 
03 40 

4-» —• 

P 

4J 
09 


a .2 a 

13 X 03 

o ‘fco 
.S ^ 03 

of 40* S 

d H 43 

oo & o 

H g A 
§£-§ 
5 t£ oo 

03 03 

1*3 

^ ^ 09 

8 ^ 64 

X H 03 

s« 

*3 « 

M rt 

|sS^ 

I ® 

X 
o 

a 


© 

p 

oo 


03 • 

P 09 

S I 

03 bo 

6n 

os g 


& 

p< 

s 


p © 

a ^ 


© 

© v 

© 40 

p c • 

§ CO 

© H 

35“ 

•S || 

© i i 

•g ®« 

T3 ^ Q 
^ - 
° * X 


c 


40 

r* bo 

^.a 

a a 

a g, 

I? 




INSURANCE, LICENSE AND LAWS, 


528 


t 

5* 

a*. 

Si 

c 


VI 


! } J 


Ill 

9! 

Hi 


si 

t i 

It 
£ “ 


II 


II I 


ll I 


m 

5 S 

Hi i 

u 

j! 1 * 


11 


s ,2 


ftk 

!i! 

| is 
?S* 

III 


•? 


i! 


fill 


if 


ti 

8 

£ 


* 

:« 


H 


rs t 


!l?l 


8 
3 

* ! 
3 


in 


i 


l 1 1 


|i 


11 1 


1 4: 
I 


*1 


% 
*' H 


“c =«i 

s 1 l 1 





ii 

a g 

s: 

« 

I 


I? 


If 


11 


11 


I I 


a* 


IS 


ll 


flfrl 

*6 


I 

9 


& >i 


I * 1 

i 


if 


If 


ill 


i*l2 


l 2 


s tS 1 

I H 


!M 

II 


fell 


!i 


II 

tf 

t 

i 

I 

i 


























































































524 
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ADMISSION 07 OABS WTO CANADA. 


The customs regulations governing the tem¬ 
porary admission of motor cars into Canada, as 
contained in memorandum No. 1671B, in force 
April 1, 1910, and reprinted below, require gen¬ 
erally a bond for double the estimated duties and 
a deposit of $25. For motor cars remaining in 
Canada not more than three days, a permit is is¬ 
sued, apparently without deposit or bond. 

1. Motor cars manufactured abroad and not 
duty paid, when imported into Canada by the 
owners personally who are non-residents of Can¬ 
ada or temporary visitors therein, may be ad¬ 
mitted under bond or upon cash deposit, for 
owners for touring purposes only, provided the 
owner is in nowise connected with any motor 
car business and that the machine is not to be 
used for any commercial or business pursuits 
whatever while in Canada, and subject to the 
following regulations and conditions: 

(a) The motor car shall be reported on form 
approved (E29%) in duplicate, at the custom¬ 
house at the port of importation, where a care¬ 
ful examination and appraisement shall be made. 

(b) As invoice showing the selling price of 
the motor car shall be produced when practicable, 
as an aid to the collector in determining the 
value. 

(c) Upon receiving a deposit of $25 and a 
bond executed in Canada in approved form for 
double the estimated duties, conditional for th' 
due exporation of the motor car covered thereby 
within three months from date of bond, the col¬ 
lector may grant a permit accordingly, to be in 
dorsed on the duplicate report, for the use of the 
motor car in Canada for touring purposes. 

(d) The bond shall be signed by the importer 
and by two residents; or by the importer and by 
a resident of Canada who has deposited with 
the collector of the port of entry, the general 
guaranty of an incorporated guaranty company, 
authorised to do business in Canada, and which 
guaranty is then available as a security in the 
case; provided, that the special bond of an in¬ 
corporated guaranty 'company authorised to do 
business in Canada, may also be accepted, in ap¬ 
proved form, instead of the bond first herein 
mentioned, and that* the cash deposit of $25 may 
be dispensed with in any case covered by a spe¬ 
cial or general guaranty bond. 

(e) The bond shall be filed by the collector 
with the tourist's report attached, and the dupli¬ 


cate report shall be handed to the tourist vjfii 
permit and receipt for deposit indorsed thensu 

(f) The deposit shall be subject to refund w 
the collector upon return of permit, with pndr 
the exportation of the motor car sritba turn 
months from date of bond. In default of tiu 
exportation of the motor car with proof of tan 
exportation, to the satisfaction of the cellactw 
within three months from the date of impostsfim 
the deposit is to be entered as customs duty, sat 
the provisions of the bond enforced. 

(g) The term "motor car*” herein is t» h 
held as including the outfit accompanying th 
motor car. 

2. Motor cars manufactured abroad sad sa 
duty paid, may not be reimported for tesrar 
purposes within six months from the time d 
their exportation after previous entry In M 
for touring purposes. This limitation, howeiw 
shall not apply to motor cars provided for is dr 
section next following: 

4. The regulations in memorandum 940B, d 
July 81, 1897, concerning teams and earriagu 
crossing the frontier, provide that where tin 
persons in charge of such teams and carriaga 
are well known to the customs officer, he mj 
allow the outfit to cross the frontier and zstaa 
within one week, subject only to the ssesl 2 * 
port, search and examination. This provisia 
may be extended to tourists' motor ears whs 
the customs officer is satisfied that the want 
cars will be used only within the limits ef 
port of importation, and vicinity in oonfarms? 
with customs, laws and regulations. 

British Columbia. 

Write The Western Canadian Motorist. Fesrti 
Floor, World Bldg., Vancouver B. C. for 
of the laws. The registrations are made utt 
the superintendent of Provincial Police. 

Vancouver, B. 0. have a street traffic by-b*t 
issyed by the city of Vancouver. 

Quebec. 

Quebec Moto-Vehicle Laws can be obtuscd 
from The Provincial Treasurer, or Mr. CL F. 
Dawson, Collector of Inland Revenue; City HA 
Montreal, Quebec. 

Canal Zone. 

Write to Colonel Chester Hardy, Governor—fw 
information. 


CHAUFFEURS' EXAMINATION QUESTIONS. 


The questions below are not a standard aet but merely gives an idea as to the questions star 
times asked the applicant for chauffeur'a license, in those states requiring examination. In sow 
states the applicant must also show his ability to drive a car. 


Q- 


Q- 

Q- 


Q- 

Q- 


Q- 

Q. 


1. —What vehicles usually have the right of 

way in large cities! 

A.—Fire department, ambnlance, mail wagons 
and heavily loaded trucks, police and 
emergency wagons. 

2. —What do you do when running parallel 

to *a street car and the latter stops to 
allow passengers to alight! 

A.—Slow up. atop, or pass 8 feet away. 

8.—What would you do if your car caught 
fire! 

A.—Turn off gas at supply pipe, smother 
flames with coat, blanket or sand (do 
not use water) and get a fire extinguisher 
■into action as quickly as possible. 

4. —Of what use is the carburetor to a gaso¬ 

line engine! 

A.—It mixes air with the gasoline in proper 
proportion. 

5. —How can you detect when your engine is 

losing compression! 

A.—By loss of power when running, or by 
cranking slowly to test each cylinder, or 
by a hissing noise on compression stroke. 

6. —What would you do when climbing a hill 

and your brakes refused to hold and your 
gear refused to mesh! 

A.—Back car crossway of road. 

7—What would you do if ascending a hill at 
a high rate of speed and a car crossed 
your oath from a crossroad! 


A.—Blow horn # and slow up, or stop or tan 
car in same direction as other car h 
running. 

Q. 8.—How would yon ascertain the amount d 
gasoline in yonr tank at night f 
A.—Measure it with a stick or rule, beisf 
careful to keep any flame away from epw- 
ing of tank. 

Q. 9.—What offense wonld justify a rnagismte 
to revoke your license! 

A.—Driving while intoxicated or tryiag t» 
escape after an accident on the highwty 
Q. 10.—How can you tell when your differential 
is out of order! 

A.—By unusual noises or if both rear wh* 
do not run evenly after ascertaining that 
the brakes do not need adjusting. 

Q. 11.—What precautions do yon take in dririac 
on a dark or rainy day! • 

A.—Put on akid chains drive slowly and care¬ 
fully. 

Q. 12.—What action would you take if yos la- 
jured any person on a highway? 

A.—Stop and render any assistance posabk, 
notify an officer. 

Q. 13.—What are several causes of your engiai 
overheating! 

A.—Lack of water, no oil, running on toe rid 
a mixture or too far retarded spark, baa 
or broken fan belt. 



CHAUFFEURS’ EXAMINATION QUESTIONS. 
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14v— What are the road and street speed laws 
of most cities f 

A.—Not allowing to run over 30 miles an 
hour, and 4, 0 or 8 in the city; use 
judgment. 

15.—What are the causes of the rear tires 
wearing unevenly! 

A. —Wheels out of alignment, brakes out of 
adjustment. 


A. —By looking at it. A high tension magneto 
is used in the jump spark system without 
the use of a separate coil or transformer, 
if there was a separate coil I would know 
it was a low tension magneto. 

Q. 85.—What system of ignition has a low ten¬ 
sion magneto. 

A.—Make and break or magnetic plugs or with 
a separate high tension coil. 




Q. 


— Q. 


Q. 


16. —How would you start the car if unable Q. 

to turn the crank! 

A.—Jack up the rear wheel, putting speed 

lever into hirh gear. After starting the 0 
engine, put the lever in neutral. 

17. —What would you do if your engine stalled 

in the middle of a R. R. track! q 

A.—Flag a train that may be approaching or >l * 
push car off traqk, put speed lever in neu¬ 
tral and start engine as quickly as pos¬ 
sible. 

18. —What is the cause of light smoke issuing q 

from the exhaust pipe! 

A. —Too much oil in crank case or lubricator 

improperly adjusted. _^ 

19. —In what position would you leave your 

car at the curb! 

A.—As near the curb as possible, right side 
on. 


86. —What system of ignition has a high ten¬ 

sion magneto! 

A.—Jump spark system. 

87. —If engine could not pull the car up a hill 

on high speed, what would you ao! 

A.—Change into next lower gear. 

88. —If engine was not powerful enough to pull 

the car up a hill on first or low speed, 
what speed would you use! 

A. —Turn the car around and go up on re¬ 
verse. 

89. —How would you separate water, gasoline 

and other foreign substances! 

A.—Strain through chamois or fine wire gause. 

40.—Name several conditions which will cause 
an engine to knock or pound! 

A.—Loose bearings, feeding too much gas, or 
running on too far advanced spark, and 
preignition from carbonised cylinders. 


Q. 20l—W hat precaution would you observe in^Q. 
driving near a fire hydrant and discharg¬ 
ing passengers from your car! 

A.—Stop at least ten feet from the hydrant, 
(varies from 0 to 90 feet.) 

Q. 21.—What is your spark lever for! 

A.—For controlling the timer or breaker on the 

magneto. Q. 

Q. 22.—What is your gas lever for! 

A. —For controlling the amount of fuel for 
the engine. 

Q. 28.—What is your accelerator for! 

A. —A foot control for the throttle. 

Q. 24.—What is the clutch on your car for! '•* 

A.—For engaging or disengaging the engine 
s the drivi 


from the driving wheels. 

Q. 25.—What is the difference between a contract¬ 
ing and an expanding band brake! 

A. —An expanding brake expands on the in¬ 
side of the brake drum, while a con¬ 
tracting brake tightens around the out¬ 
side of the drum. 


Q- 


41. —Name all parts of an automobile that 

should be lubricated and state whether 
oil or grease should be used! 

A.—Oil in lubricator for main bearings, con¬ 
necting rods and piston; heavy oil or 
grease in transmission, differential, steer¬ 
ing gear, universal joints and hub caps. 

42. —If driving on a road and you should wish 

to pass a vehicle moving in the same 
direction, directly in front, of you, which 
side of the vehicle would you pass, right 
or left! 

A.— : Left side. 

48.—What will cause a back fire in the car¬ 
buretor ! 

A.—Broken, sticking or leaky inlet valve. 

44. —What Is meant by one blast of a traffic 

police whistle at a street crossing! 

A.—Proceed east and west traffic. 

45. —What will cause a back fire in the muf¬ 

fler! 

A.—Engine missing fire or too rich a mixture. 


Q. 26.—What equipments are required by law on 
motor vehicles! 

A.—License number plates on front and rear 
of machine, 2 side lamps, 1 tail lamp 
and horn or other signaling device. 

Q. 27.—What should be the position of the speed 
lever in starting an engine! 

A.—In the neutral position. 

Q.26.—How many kinds of brakes are there on 
automobiles! 

A.—Two; running or foot brake and emergen¬ 
cy or hand brake. 

Q. 29.—What is the difference between the jump 
spark and the make and break system 
of ignition! 

A.—Ii> the jump spark, a coil or transformer 
is used, causing a high tension current; 
in the make and break, the spark is 
caused by making and breaking the pri¬ 
mary current. # 

Q. 80.—What is the purpose of check valves! 

A.—Check valves are used to prevent the 
return of a liquid, gas or air after having 
passed it. 

Q'. 81.—What is an inlet chamber! 

A.—A part of the cylinder which encloses the 
inlet valve. 

Q. 82.—What is an inlet valve! 

A.—The valve which opens during the suction 
stroke of the piston, allowing the mix¬ 
ture or gas to enter the cylinder. 

Q. 88.—If when traveling on the publio highway 
vou discovered some fault with your steer¬ 
ing device, what would you do! 

A. —Stop at once and fix it. 

^_ Q. 84.—How can you tell the difference between 

a high and a low tenaion magneto! 


Q. 40.—John Smith, a duly licensed chauffeur. 

operates a motor vehicle under the new 
law, and accompanied by a friend. May 
the friend drive the car! 

A.—No, not unless John Smith retains com¬ 
plete control of the car. 

Q. 47.—What are you required to do when a horse 
or other animal on the highway appears 
frightened! 

A.—Slow up or stop, if necessary. On a nar 
row country road it may be necessary t to 
stop the engine. 

Q. 48.—If you wish to' stop your car and your 
foot brake does not hold, what would yon 
do! 

A.—Use the emergency or hand brake. 

Q. 49.—How often is it necessary to examine your 
brakes! 

A.—Every day you get out. 

Q. 50.—In the event of a vehicle coming towards 
you on the highway, what precautions 
would you take! 

A.—Keep to the right; blow horn, if necessary. 

Q. 51.—Whst are the controlling parts of an 
engine! 

A.—Spark and gas levers, clutch, brake, speed- 
levqr and the steering wheel. 

—Q. 52.—How would you control your car going 
down a steep incline! 

A.—Retard spark and gas, put machine in low 
gear, switch off ignition, and, if necessary, 
also use hand brake. 

Q. 58.—What would you do if a car while proceed¬ 
ing in front of you suddenly swung around 
in your course! 

A.—Slow up or stop, blow horn, hold out hand 
or operate signal light as warning to any¬ 
one in rear. 
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Q. 54.—What is the speed limit in crowded city 
streets 1 

A.—Four to .six miles per hour. 

Q. 55.—What penalty is there, according to law, 
for any person driving a car while in an 
intoxicated condition! 

A.—Felony; revoke license perhaps. 

Q. 50.—What position should the controlling parts 
of engine be in starting! 

A. —Speed lever in nentral, emergency brake 
on, spark retarded and gas lever slightly 
advanced. 

Q. 57.—Why is the spark lever advanced after 
starting the engine! 

A. —To make the spark take place sooner in 
relation to the position of the piston 
in the cylinder; that is instead of the 
spark taking place just over high center, 
it will then occur on the high center, 
or just before when running fast. 

Q. 58.—What effect will too far advanced spark 
have on the engine! 

A.—It will cause a metallic knock in the 
cylinder and might break a connecting 
rod or.cause engine to overheat. 

Q. 59.—What is the timer or commutator for! 

A.—For timing the spark. 

Q. 60.—Should you be poing south on a busy 
street and you wished to turn west, how 
would you turn. 

A.—Slow down to four miles an hour, hold 
out hand as signal for vehicles in rear 
and turn west, keeping northwest of center 
crossing. 

Q . 61.—Should you be going north and you 
wished to turn west, how would you 
turn! 

A.—Slow down to four miles per hour, hold 
out hand as signal for vehicles in rear, 
and turn west, keeping northeast of cen¬ 
ter of crossing. 

Q. 62.—What would be the penalty in taking a 
car without permission of the owner or 
authorized agent of same! 

A. —Felony ; revoke license, perhaps. 

Q. 68—What signal would the driver of a horse 
vehicle give you should he want you to 
stop! 

A.—Hold up his hand or whip , or perhaps 
shout. 

Q. 64.—What precautions would you take before 
crossing a railroad track! 

A.—Watch for an approaching train; drive 
carefully. 

Q. 65.—What part of a carburetor is the mixing 
chamber and what is it for! 

A.—That part directly over nozzle of jet 
usually placed in the center, and is used 
for mixing the gas and air. 

Q. 66.—How would you time a car with magneto 
ignition and how would you time it with 
battery ignition! 

A.—With battery ignition the spark occurs 
about 1/16 of an inch over high center 
of compression; with magneto the spark 
is set to occur on high center. 

Q. 67.—What is the float in the float chamber 
for! 

A.—To regulate the level of the gasoline. 

Q. 68.—Draw a diagram of the manner in which 
you would make a turn in a busy street 
intersection. 

A.—. 

Q.69.—Where is the differential on a*bhaft driven 
car, and where is it on a double chain 
driven car! 

A.—In shaft driven cars on the rear con¬ 
struction, in double chain driven cars, 
on the jack shaft. 

Q. 70.—What would you do if you saw an auto¬ 
mobile or any other vehicle trying to 
escape from justice after injuring a per¬ 
son on the public highway! 

A.—Take his number and render any as¬ 
sistance I could to apprehend the offender. 


Q. 71.—What is the penalty for a person tryag 
to escape after such an accident; whm 
is the nature of the crime he is c s arw a- 
ting! 

A.—Felony; hit license could be revoked. 

Q. 72.—What is gasoline used fort 

A.—It is used for fuel. 

Q. 73.—What signal would you give cans bchad 
you, if going to make a turn! if stopping' 

A.—Hold your hand out to the side of car m 
flash signal light. 

Q. 74.—What will cause the cylinders to car¬ 
bonize ! 

A.—Too rich a mixture or too much oil bang 
used in lubrication. 

Q. 75.—What is meant by three blasts of a pelici 
whistle! * 

A.—An alarm signal; all vehicles pull as 
close to the curb as quick as possible mi 
stop. 

Q. 78.~ -What would you do should you be gang 
along a country road at the rate of 85 
miles per hour and a car should cram 
your path suddenly! 

A.—The law is 30 miles per hour, and yea 
should not be driving 85. Blow horn aad 
stop or turn in same direction other 
car is going. 

Q. 77.—What precautions should be taken befsn 
taking out a car! 

A.—See that there is water in the radiates, 
gasoline in the tank, oil in the lubrioatiaf 
system, tires properly inflated, lamps (2 
side and 1 tail) filled, battery charged 
horn, and license plates in place. 

Q. 78.—Oan the ordinary car run without a differ 
ential! 

A.—No, not around corners without injury or 
wear to tires. 

Q. 79.—How early and how late would you light 
your lamps! 

A.—Light them one-half hour after sunset and 
put them out one-half hour before sea- 
rise, or be governed by weather conditions. 

Q. 80.—How many kinds of transmissions an 
there in general use today! 

A.—Three; sliding gear, planetary, and friction 
disk. 

Q. 81.—What is meant by timing your engine! 

A.—Setting the valves bo that the inlet opens 
and the exhaust closes, according to marks 
on fly wheel, and setting clearance ef 
valves. 

Q. 82.—I was running along on a smooth level 
road and my car was going O. K. when 
I came to a slight grade, my car sudden¬ 
ly slackened and did not seem to re¬ 
spond to the accelerator. Investigation 
proved that it was not carburetor trouble. 
What was it! 

A.—The connection between the magneto and 
my spark lever had become disconnected. 

Q. 83.—My engine was running on magneto; ca 
throwing off the switch the engine con¬ 
tinued to run; the switch was found 0. 
K. What was the trouble! 

A.—Magneto ground wire was broken and 
the break was hidden by the insulation. 

Q. 84.—If while running close behind another 
car, the said car should turn suddenly, 
what would you do! 

A.—Swing with the other car, or in the same 
direction. 


Q. 85.—Tour car running slowly on high gear, 
and you started to cross a car track 
and failed to notice a fast approaching 
car before it was close upon you; yon 
accelerated with the result that yoar 
engine stalled and your car was wrecked. 
What would have been the better thing 
to do! 

A.—Shifted to next lower gear before accel¬ 
erating, then engine would not have stalled 
and tracks most likely would have bees 
cleared. 
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Hut Is the car repaired for? This is one of 
Erst questions to be naked. For pleasure 
only a standard type of body may be 
. but for business uses the selection is 
restricted, should any particular require- 
ate in the matter of •accommodation hare to 
met. Bond conditions of the country it is 
aded to be used in, is a great consideration, 
ftned to any particular districts, a car with 
m SiTen gear and engine power could be advan- 
tesseously adopted which would not give per- 
ktesps universal satisfaction. Thus in a flat dis- 
frftet, a low powered car will do efficiently and 
Infinitely more economically what in a hilly conn- 
try would necessitate perhaps twice the power to 
cSLo the work at all. Most cars will "climb any 
laiH, * " for instance—yes, but some of them only 
unB m very slow pace, which becomes too tedious in 
m really hilly country. 


Constant attention necessary. Whether you in- 
tend to keep a mechanician to look after your 
ear, or whether you intend to look after it your- 
■elf, is another point to consider. There is a 
limit to the sise of a car which the owner can, 
Ciff it is in pretty constant use), attend to in all 
respects personally with success, unless he be a 
man of great leisure, and moreover, keen enough 
Bo put up with much of the drudgery involved. 
To obtain best results in running and the greatest 
aeonomy in upkeep, it is useless to attempt to 
oonceal the fact that constant attention must be 
l>aid to a car when it is at home, and where the 
average man can easily And time to do ample 
justice to a moderate-sized car, a large car might 
too much for him in the amount of attention 
required. 


What type of body. This is not much a mat¬ 
ter of choice nowadays, as the cars are built in 
large quantities and to standard type, but it is 
possible to select a body suitable for the pur¬ 
pose you intend to use a car mostly. Putting 
aside for the moment the case of those who, from 
consideration of price alone, would confine them¬ 
selves to a car of power and sise suited for a 
two seated body only, it is best to have a four¬ 
seater if only a small one. A very, sensible road¬ 
ster called a "clover-leaf* type of roadster, 
nesting two in front and two in the rear is now 
very popular. Though the back seats may be 
used only once in a while, they are nevertheless 
too often wanted if not there, and the advantages 
of being able to give friends a lift and of hav¬ 
ing plenty of room for luggage and parcels are 
well worth the slight difference in extra cost. 


Should some form of optionally covered car be 
desired, then the "one man" type of top is the 
simplest and most serviceable form of removable 
cover, and in combination with a glass front or 
wind shield and suitable side curtains, will trans¬ 
form an open car in a very few minutes into 
a tolerably weather-proof vehicle. The coupe and 
eabriolet (page 16) car is very popular for all 

J eer 'round use; in the summer the top of coupe 
eeps the sun off, and, as the windows and front 
can be raised, the car is really cooler than an 
open car. In the winter this coupe, coupelet or 
sedan is very comfortable. A closed car of this 
type also tends to keep the dust and dirt out, (if 
the back is closed), and is-becoming more popu¬ 
lar, as the motorist is now looking for comfort 
more than speed. 


Tho sedan enclosed car is used principally 
where the owner drives his own car and desires 
something enclosed and wishes to carry more 
than three. The limousine is an enclosed type of 
car employing a chauffeur. 


gone through when so many, and so great a 
variety of values are offered. Oars can be ob¬ 
tained at prices from $890 upward, and in all 
calculations a sum not less than, say $60 to 
$100 for a small car, and so on in proportion to 
sise will probably have to be laid out, in addi¬ 
tion to the purchase price, in acquiring those 
accessories, spare tires and tubes, which are nec¬ 
essary, and all of which are not always "thrown 
in" with the car. A good runabout, seating two, 
can be had for $890 to $750, and as much as 
$6,000 may be spent on a high grade six, eight or 
twelve cylinder car. 


The most luxurious and smooth running gaso¬ 
line cars have, as a special refinement, six, 
eight and twelve cylindered engines, which are 
wonderfully silent and elastic, and enable the 
change speed gear to be almost dispensed with; 
but the cost of cars of this type renders such 
cars expensive, although I note that a very good 
car of six cylinder type can be had for $1,860. 


Sometimes we are asked the question, "which 
is the best car to buy," I will tdll you how I 
would settle the choice, if I were unable to de¬ 
cide otherwise. Go to a used car concern and 
ascertain which car brings the best price or what 
make of cars sell more readily than others. This 
may help to answer the question. 


Cost of running—or up-keep: Here lies the 
crux of the whole matter. Olosely allied with the 
important question of original outlay is that of 
running cost, which must be taken into considera¬ 
tion to a certain extent, when buying. The sise 
of the bill for up-keep bears, of course, a direct 
proportion to the mileage done. As regards fuel 
consumption, the item will not be found a large 
one in any car up to, say, 25 horse-power, unless 
there is some radical defect in the system or 
temporary want of adjustment. In large and 
heavy cars the gasoline bill quickly mounts up. 


The largest item in the cost of running is al¬ 
ways that for tires, and this charge becomes 

heavier as the speed increases, and is. of course, 
again directly proportionate to the mileage run. 
It is not possible to give any general figures 
which would be of any use, but the statement 
may be made that no man, who can afford ac¬ 
cording to his means, a car up to say, 25 horse¬ 
power, is likely to be frightened at cost of up¬ 
keep unless he is very careless in his choice of a 
car, and, moreover, very unfortunate subsequently 
in the handling of it. 


Tires: The main feature to insist on about a 
car is the pneumatic tires. Insist on their being 
ample size and weight to support the car at high 
speeds. Small, light tires spell constant punc 
tures and troubles, not to mention short life. 
There is little to choose between the several makes 
of good tires available, and the manufacturers' 
lists give the maximum weight per wheel, which 
the various strengths and types are intended to 
carry, it being a good rule to keep well within 
the limits. 

The disadvantage of fitting lighter tires to the 
front than to the rear wheels is that the con¬ 
venience and benefit of interchangeability is lost 
Some form of non-skid tire should be used for the 
rear, this extra rubber costs but a very little 
additional amount, and the extra wear from the 
extra amount of rubber, to say nothing of the 
non-skid qualities, is worth the difference. In 
fact they are economical to use on all four wheels. 


When once tho prospective customer has made 
up his mind to become an actual buyer, he should 
fix a price limit. With many people this fixes 
Itself; that is to say, their means enable them 
to decide In a very short time how far they 
can go. In any event, to arrive at a maxi¬ 
mum figure is the first step toward that pro¬ 
cess of mental "weeding out" which has to be 


Solid tires are out of the question for vehicles 
traveling over eighteen miles per hour; we often 
see them on electric vehicles, and the owner feels 

S iite contended that he is saving money by put- 
ng the solid tires in place of the expensive 
pneumatic tires, but It will only be a short time 
before the vibration will jolt and jar the paste 
from the cells of the batteries, and new batteries 
are more expensive than pneumatic tires. The 
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quick detachable demountable rim, and pneumatic 
tire ia the moat deairable of the lot; the tire ia 
the aame conatruction aa uaual (clincher), but the 
difference ia in the rim. With the quick de- 
tachable rim, it aimplifiea the changing of a tire, 
but when you carry a quick detachable tire on a 
rim, which can be replaced on your wheel inatead 
of the other rim, and with the tire already in¬ 
flated, imagine the aaving of time and labor. 

The ignition system: There are three popular 
methods for obtaining the electric spark, namely, 
by high-tension magneto machine, together with 
coil and battery, the latter being used to start 


the engine, and after started, the magnate ap¬ 
plies the current for ignition; this system is rail si 
4 ‘dual” system. Another system ia a low tea 
•ion magneto, supplying current to a high-teaaiBn 
coil, thence to the spark plug. This system m 
also called a 4 'dual" system when need ia con¬ 
nection with a battery to start the engine aa. 
The third system is the battery, coil and tsmm 
system as the Atwater-Kent, Connecticut or Mea 
This system, with the automatic advance wmi 
in connection with the generator and storage bat¬ 
tery is the popular systems in general use. (Ass 
pages 255 and 254.) 


* Judging a Second-Hand Oar. 


For the past several years over sixty per cent 
of the automobiles manufactured in the U. S. 
have been bought by people buying their first ear. 
It is becoming a more complex matter nowadays 
to purchase a motor car thqt will give satisfaction 
in every possible way. 

The prospective owner looks over a number of 
cars and when he is through he is more confused 
than ever. He finally buys a machine and, as the 
saying goes, if he has luck he has bought a sat¬ 
isfactory car. But the chances are that his first 
purchase is most unsatisfactory, in fact a lemon 
and he has been squeesed for a round sum. 

Usually after his first or second bitter and ex¬ 
pensive experience he uses more caution and 
foresight and then he has learned to buy a good 
oar. But it was costly, and at times humiliating, 
he could have made a wise selection the first time. 

Many things are to be considered in buying 
a car today, TTiere are a great many different 
cars on the market and in a large number you 
are net getting your money's worth. It behooves 
a careful buyer to weigh the merits and demerits 
of each car with prudence, to the end that the 
car he buys gives him comfort and satisfaction 
in every practicable way. 

He should know about the factory behind the 
car he intends to buy. He should look over the 
record of previous cars put out by the same con¬ 
cern, and ascertain the reliability of the com¬ 
pany and the service it gives ' (in regards to 
repair parts) the owner, after he has bought the 
car. 

He should know, without a doubt, the material 
used in the important parts of the car and which 
kind is best. In the past some cars have had 
cardboard or pressed paper bodies. Others have 
used a cheap iron or malleable iron castings in¬ 
stead of more expensive steel drop forgings and 
they have bent or broken at a critical time en¬ 
dangering the lives of the occupants of the car. 
The design of some cars may not be as pleasing 
as some others, but if the material is there, the 
car will surely stand up and give satisfaction. 


The following pointers on selecting a seoaaA 
hand car will give the prospective pnrrhasw m 
outline to follow: 

Ascertain the age, make and type. An lb 
makers still in business, with a view of being able 
to get spare parts. Get exact dimensions of At 
cylinders and approximate number of rcvolati— 
and apply the formula given under “Horae power*' 
pare 542 and obtain an idea of what the pew 
really should be. 

Do not get any ugly or antiquated looking can¬ 
yon may want to sell it again. Inspect Hi 
general condition. 

Inspect the transmission, and condition of Hi 
gear wheels, this will give an index as so toe 
much wear it has had. 

If chain-driven the wear can be judged by the 
condition of the chain. Jack up back axle sai 
revolve the wheels and see if the dlifiissiitisl 
works smoothly and if it runs true aame vtt 
steering wheels, also the steering gear; eensdcn- 
ble back lash is a bad sign. 

Examine tires, see make, then inquire of the 
makers and see if the particular sixe can to ob¬ 
tained and is not obsolete. 

Test engine for good compression. Ran eagun 
and see if it will slow down and run very slowly. 
Inspect the radiator system and see that It is ast 
patched up, or otherwise in a ahaky condition 
The water ought not to steam, but will aaturafiy 
get warm. Examine the ignition and wiring sye 
tern; study up on the ignition subject and see if 
it is up to date and will not likely give trouble. 

For a final test, run the car with a fall load 
of passengers—make a 25-mile run with at lsoal 
one good steep hill, 1 to 8 per cent grade. A 
car which will not go up such a hill ia of Ill- 
tie practical use. Mote if engine pounds whsa 
making the run and after the ran note If bsariap 
are hot and if water is steaming. 

Do not judge a car by its outside appearance- 
paint is ordinarily cheap, but when it ia naed tf 
cover a worn out auto, it is dear at any price. 


tSelecting a Commercial Oar. 


There is a distinction between a truck and a 
delivery wagon, see instruction. Some of the 
important points to be decided are: 

What type of car for your particular needs— 
gas or electric! 

What horsepower! 

How many pounds capacity shall it have! 

Should several cars be used or one big one! 

Shall it be equipped with penumatic or solid 
tires! 

Gan an inexperienced man be given charge of 
the running and repair work! 

Is there any special equipment necessary for 
greater efficiency! 

Should the car always be loaded to capacity! 

Today there are motor trucks and delivery 
wagons of every conceivable size and design, 
therefore, it is the problem of the possible pur¬ 
chaser to choose carefully the kind of a car 
best fitted to serve their purpose with the greatest 
efficiency. 

It is a very common sight to see a heavy type 


of delivery wagon make a trip of several blacks 
and sometimes miles to deliver one or two mmM 
packages or baskets of groceries when one of tbs 
smaller types of commercial cars could havo Asm 
it just as well, and with greater efficiency, rodao 
ing materially the overhead coat. On the ottor 
hand, we have often seen a light delivery at a 
very heavy type of truck making a trip with as 
overload. This is just as impractical aa an aa 
derload, for It will ruin the expensive aseto 
equipment, making ‘ the car depreciation rmj 
considerable. 

A very good rule to stick to closely ia to bars 
the car filled nearly to capacity on every trip that 
is made. A motor truck or delivery wagon atoali 
not be chosen having in mind a maximum or niia- 
imum load, but an average load. To get tin 
greatest efficiency out of a commercial vahicto 
keep it loaded and moving the largest possible 
number of hours during the working day. 

If electricity is produced in your own plant at 
a very low cost, and it is possible to secure • 
man who understands and can care for storse* 
batteries, then it may pay to investigate tie 
electric vehicle. 


1 


•Second hand car values is a problem. A popular Motor Trade Magasine publishes weakly the 
sales of second hand cars made in different large cities. The price they sell for, condition and year 
model, etc. is given. This is very handy information for the dealer. 

tSee Instruction 48 for 4 ‘Commercial Oars." 


THE AUTOMOBILE SALESMAN, 


INSTRUCTION No. 39. 

TTHE AUTOMOBILE SALESMAN: Pointers Suggestions and 
Advice. Advantages and Disadvantages of Mechanical 
Features of Different Parts of a Car. Addresses of ‘Auto 
Manufacturers. 


Suggestions. 


To bacome a successful onto salesman one must 
necessarily know the principle and construction of 
sail parts of a car, not merely the car you propose 

sell, but other makes of ears as well. 

In our instructions we hare endeavored to 
R«ach you the principle and construction of the 
wmrious parts of all cars; for instance, we il- 
lustrsted and described the different types of 
elxrives usually employed; the different types of 
clutches, ignition systems, carburetors, etc. The 
engine was thoroughly explained. You learned 
gliat all engines work on the same principle but 
tlie construction may vary, in that the valves 
may be on the aide or overhead, but the principle 
i« just the same; also the same with the ignition 
sand other subjects. 

Therefore, taking it for granted that the reader 
la as thoroughly mastered the different principles 
involved, he must now figure out why one system 
is better for a certain purpose than another. He 
manat also familiarise himself with all makes of 
cars in order that he will know just why different 
manufacturers are using one system and others 
aenother. For us to point ont such a comparison 
would require an extra book—therefore, we will 
suggest to those who have fully made up their 
mind to become auto salesmen, to obtain the cata¬ 
logues of the various leading automobile manu¬ 
facturers. These catalogues are easily obtainable 
by writing a postal card for them. 

•Obtain the address of the various manufacturers. 
1 would suggest that the student write one of the 
following publications for a copy of their paper 
and the ads of the leading manufacturers will 
appear therein: 

Automobile Dealer and Repairman, 76 Murray 
St., New Tork; Automobile, 289 W. 89th Street, 
New Turk; Motor Age, 1200 Michigan Ave., Chi¬ 
cago, Ill.; Motor, 881 4th Ave., New York: Horse¬ 
less Age, New York, Motor World, New York. 

After obtaining the catalogues of tha various 
manufacturers, the next rftep will be to take one 


at a Ums and study tha specifications of sach car. 
This will give you the principle of construction of 
that make of car. If, in reading the specifica¬ 
tions, yon do not understand the meaning, then 
turn to the * ‘index* * in this book and find the 
explanation. For instance, suppose one manufac¬ 
turer says the cylinders of his engine are cast 
"en-bloc," turn to index and find “en-bloc" and 
then read what "en-bloo" means. Each manu¬ 
facturer will explain why his system is the best; 
for instance, one manufacturer may claim hia 
three point auspensibn best; if you do not know 
what this means, then look it up in the “Index/* 
In this manner the salesman student will acquire 
a considerable knowledge of the various automo¬ 
biles, and also from reading the claims of each 
manufacturer he will be able to discuss the rela¬ 
tive values of these claims. 

While all this may appear .simple and an easy 
way te acquire the information, it possibly was 
not thought of by yon, and if yon will take the 
time and pains to do as directed it will no doubt 
be of great value to you. 

Auto salesmen are usually employed on a com¬ 
mission. The commission is usually 6 per cent. 
Auto dealers who are agents fer automobiles are 
always en the look-out For good salesmen, and to 
be a good salesman you must study the points of 
the car and be able to explain to a customer 
"why** your particular car is the best. He must 
also be able to close a deal; that is, after con¬ 
vincing the prospective customer that the car is 
the best, he must clinch the sale as quickly as 
possible. 

A salesman who thoroughly understands his car 
and also understands the construction of other 
cars and can explain “why** his system is su¬ 
perior, is the valuable salesman. He must gat his 
prospects the best way be can. Quite often a 
prospective customer will call at the garage and 
inquire about a car—it is then that the wide¬ 
awake salesman is there, ready with his courteous 
and agreeable manner and willingness to explain. 


SalMm&nfihlp Pointers. 


A man who Intends to buy a car feels as though 
he is making an investment and he will, no 
doubt, investigate the merits of all cars. It is 
then reasonable to suppose that the salesman who 
most thoroughly impresses this prospect that he 
knows the construction of his car and can explain 
its good points, will make a greater impression on 
him. If the salesman is fortunate enough to be 
able to cultivate a pleasing personality then he 
will be all the more likely to make a valuable 
man. 

Remember, the average man Is generally gov¬ 
erned bv the wishes of his family—he may select 
a car himself but on having the women folks pass 
on the purchase nine times out of ten, they will 
go entirely for “looks;’* therefore, it is essen¬ 
tial that a salesman not only be neat and tidy him¬ 
self, but he must keep the car he used for dem¬ 
onstrating perfectly clean and well polished, and 
above all, in perfect working order. Many a sale 
has been lost by nothing more than some trivial 
trouble as running out of gasoline or engine 
heating from lack of water. While these trou¬ 
bles would be insignificant with an experienced 
person, they would handicap a sale because the 
rospect would not know, bnt would think it a 
efect in the car. 

Don’t attempt to make your sale on the weak¬ 
ness of the other fellow’s proposition but on the 
strength Of your own. Understand, end admit 


to yonr prospect that all methods of construc¬ 
tion have some advantages for certain purposes, 
else they would never nave been manufactured. 
Be prepared to intelligently discuss the different 
features of the leading cars and to explain why 
the features of your car are—not the “best in 
the world"—but the best for that particular 
man’s need. Once you make him feel that the 
car has special advantages for him personally, 
the sale is made. 

Does your Customer Buy—or Do You 
Sell him? 

Don’t take it for granted when a man walks 
into your salesroom, or consents to a demonstra¬ 
tion, that the car is half sold. This is merely 
an Introduction and it is still up to you to make 
the sale. And you can’t tell from the cut of a 
man’s coat how much money he has in the bank. 

Selling automobiles is a merchandising propo¬ 
sition pure and simple, and it is your duty to 
give the customer the same amount of courtesy 
and attention that he receives in any high-class 
store. Buyers appreciate courtesy. 

As John Lee Mahin once said: “The buying 
unit is the family," and yon should as soon as 
possible aseertain the purpose to which tha 
buyer wishes to put the car—who else is to be 
considered besides the prospect—and then shape 
your arguments accordingly. 


**See page 588 for addresses of manufacturers, and charts 229 to 234 for * ’Specifications of 
Leading Oars." 
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Han 1a an actual Instance: A man walked 
into the salesroom of a certain dealer. He was 
just an ordinary looking human being, possibly 
not quite up to the average in appearance. He 
did not walk right up to the proprietor, but 
wandered around among the cars on the floor. 
The dealer happened to be talking to a friend and 
was in the middle of a detailed description of a 
show he had seen the night before—so he allowed 
the unimportant looking stranger to remain un¬ 
noticed. 

The cars could not talk—they can't sell them¬ 
selves unaided, so the man Anally walked out. 

Just across the street there was a salesroom 
with newly painted front. A car was displayed 
attractively in the show window and the at¬ 
mosphere of the whole establishment was up-to- 
date business methods. The window was clean 
and the interior presented an attractive, enter¬ 
prising. inviting appearance. When the stranger 
stopped in front of the window a salesman im¬ 
mediately opened the door and invited him to step 
inside, where he could get a much better view 
of the car. 

Once inside, the salesman asked: "Have you 
ever had any experience in operating a cart" 
This was a safe question and it opened the door 
at once for a friendly discussion. Every man is 
eager to tell about his own motor experiences, oven 
if he has at one time owned even an antiquated 
one cylinder model. As the prospect told his ex¬ 
periences the salesman, without antagonising him. 
was able to draw comparisons between the car 
the prospect once owned and the new car on 
display. No matter what manner of car a pros¬ 
pect has driven, he does not want his judgment 
questioned. 

Often a man is just as sensitive to criticism 
about his car, as he would be about his per¬ 
sonal appearance. 

During the discussion the prospective customer 
mentioned the fact that his old car was not 
adapted for use by his wife and daughter. On 
the strength of this bit of information the 
dealer then called the prospect's attention to the 
fact that the car on display permitted access to 
both front doors and allowed a lady passenger in 
the front seat with the driver to always be able 
to step out upon the curb, and not be compelled 
to walk around the car in order to get to the 
sidewalk. 

As the conversation progressed the prospect 
was unconsciously being sola a car, and was led 
up to the point where HE HIMSELF asked for a 
demonstration, with the result that the ENTIRE 
FAMILY AS A UNIT bought the car. 

The salesman sold the car without the pro spect 
realising that he was being forced to buy. THE 
MAIN THING IS TO ALLOW THE PROSPECT 
TO THINK HE IS BUYING THE OAR, WHILE 
IN REALITY YOU ARE SELLING IT TO HIM. 

The moral of all this is, that no matter how 
good your car may be, it cannot possibly sell 
itself alone. This is just an example of one 
type of buyers—the man who has owned a oar 
and who goes "shopping" when he buys. 


Know Your Man before Yon Try 
to Sell Him. 

By using a little tact, any dealer can ascertain 
the purpose to which the prospect intends to put 
the car be buys—whether or not it is for family 
use, personal pleasure, cross-country touring or 
for business purposes. 

Experience in selling motor cars, teaches that 
all prospective buyers may be separated into five 
main classes: 

(A) Price tag—the man who is looking for a 
bargain regardless of the age and often regardless 
of the condition of the car—just so that he gets 
a car that will run. 

A second-hand car or any old car will do. 

This class of buyers are limited usually to the 
"wage earners," who hesitates between a motor¬ 
cycle and a second-hand motor car. Before wast¬ 
ing any time on him, FIND OUT HOW MUOH 
REAL MONEY HE HAS to invest and unless he 
has cash on hand, pass him up, courteously but 
quickly. REMEMBER YOUR TIME IS VALU¬ 
ABLE—YOUR EXPENSES ARE GOING ON 
- WHILE YOU ARB TALKING TO HIM. 


(B) Second hand fiend —this man i » a ahx —4 
buyer, he is the David Harum of the a stssnMi 
business, usually with little money AMD TRYIR 
TO UNLOAD ON TO YOU. In the Ana ptse* 
he bought a much-used second-hand ear. T%m 
he invested a little more money axsd traded a 
with a friend for a better car. hoping that hi 
could unload his new purchase on yon by puyiac 
a small amount of cash and getting a brand asw. 
up-to-date model. 

Don't let your desire to move a ear from fh> 
salesroom to the street, lead yon into an aab mm- 
neaslike transaction. Jnst remember that lit 
second-hand car may prove a “white elephant'* 
on yonr hands. (It costs just about as mach 
money to keep capital tied up in a secoed-kni 
unsalable car, as it would to feed and care far as 
elephant.) 

Rather than do this, LET HUM GO. OOff 
OENTRATE YOUR TIME AND EN ERGY UFOS 
THE MAN WHO HAS CASH IN THE BANK. 

It Is just as much to know where not to work as 
to where to work. 

There are exceptional cases, however, especial 
ly where a man owns a car that YOU sold ha 
and who wants to buy a new model from YOC 

Tack this up on the wall, over your desk: 
"A certified check in yonr bank book ready far 
deposit, is worth more than a second-head car 
on the floor." 

(0) Appearance and pleasure—this man is 
influenced largely by the lines of the car aad 
the anticipation of the pleasure he is goin? is 
get out of it. He is usually in a hurry to W 
He belongs to that rapidly disappearing chat 
that used to walk in and buy a car in tea 
minutes. It does not require a salesman to sell tkis 
man. But the wise, hard-headed, shrewd dealer 
with a view to his permanent success, will aae- 
lyze this man’s requirements and sell him the 
car best fitted to his needs, so that the sale wfl) 
not act as a boomerang. 

(D) Social prestige and reputation—this b 
the man who usually buys a car to please hit 
wife with social aspirations. She knows abso¬ 
lutely nothing about a car, bat has received the 
impression some way that "to be anybody" she 
must have a name-plate with an artificial Tales, 
rather than a car of merit. How have yon bees 
handling this class of buyers! 

A thorough analysis of sales made by success¬ 
ful dealers, proves that this prospect if handled 
right, is always easy to sell. The approach is 
this case is through the man of the house whs 
realises that $5,000 is 5 per cent of $100,000, 
and when shown point for point that a car sel¬ 
ling for $2,750 will give as good or better sw 
vice, with accompanying elegance and atmos¬ 
phere of refinement, he will not WASTE two or 
three thousand dollars on some fancy of his house¬ 
hold. 

No matter how much money this man ia worth, 
he is NOT willing to waste two or throe thoe- 
ssnd dollars on s nameplate. YOU A8 ▲ DIA¬ 
LER, WILL SELL MORE OARS AND MAKE 
MORE MONEY BY GIVING YOUR OU8TOMBB8 
REAL VALUE. 


(B) Service and business—this man nm 
seats the LARGE majority of buyers today. HK 
IS MOTOR-EDUCATED. He has probably ewasd 
a car before or else has mado a very thoroagk 
study of motor car construction and ia taking ths 
advice of friends and benefiting by their exper¬ 
ience. While this man is open to reason, he »■ 
not going to buy in a hurry. 

Before deciding he will get underneeth ths 
paint and the hood. Your first move is to •• 
tactfully as possible ascertain if influence ia be¬ 
ing brought to beer upon him in favor of a par 
tioular car by acme neighbor or M 
Then you will know what can you are to com¬ 
petition with and what bias and prejudices yea 
will have to overcome before you can make the 
sale. 

Probably the neighbor or friend of this pier 
pective buyer owns a car that is not up-to-data, 
although it is apparent ly gi ving good terries. 
AND RIGHT HERE IS WHERE YOUR 8ALU- 
MAN SHIP IS TB8TBD. 
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I^ove to this prospective buyer that the car 
mre selling with left-side drive and center 
»x&‘terol (for example) is a year or more ahead of 
tker cars, as a consequence next year it will 
;ill l>e up-to-date and will also demand a much 
iffber second-hand value, taking it for granted, 
l course, that you are able point for point, to 
low where your car will give as great or better 
ervice than the car owned by the neighbor or 
nend of your customer. 

A T1 buyers—the majority of buyers are influ- 
o.ced greatly by printers' ink. They have more 
x- less definite opinions of various cars, formed 
3T 'what havp read about them. Therefore, as a 
uxidLamental principle, YOU SHOULD NOT RISK 
rOTJR TIME NOR MONEY ON AN UNKNOWN 
1AR. A car, whose name is a household word, 
■ naturally much easier to sell than a car that 
he prospective buyer never heard of before. THE 
KTBLL ADVERTISED AND TESTED OAR 
tfEANS QUICKER AND MORE FREQUENT 
3A1~«ES. Especially is this true with a car that 


has demonstrated its superiority in public con¬ 
test, such as races. Remember, A QUICK SALE 
IS MORE PROFITABLE THAN A SLOW SALE. 

The modern automobile dealer, is the man who 
is equipped to TAKE CARE of his customers, espe¬ 
cially if the buyer intends to drive the car him¬ 
self. In fact, most every up-to-date dealer now 
has an efficient service department. 

A little service and assistance gives the owner 
the feeling of confidence and GOOD WILL to¬ 
ward both you and the car. Service means sat¬ 
isfied customers, and satisfied customers means 
a permanent, profitable business for you. Service 
also converts probable knockers into positive 
boosters. If your success is to be lasting every 
man to whom you sell a car must, one year or 
more from date of sale, be as enthusiastic as the 
day in which he bought the car from you. This 
is possible by first giving real value and second 
by* taking care of him. (from booklet published 
by National Motor Vehicle Oo.) 


♦Advantages and Disadvantages. 

If You are Selling a Car Understand Its Features. 


The auto salesman must be able to talk on al¬ 
most any subject relative to the construction of 
waarlons cars. He must know the advantage and 
rtf f»sa<1 wantages of the features of different cars 
which will be suggested by a prospective custo- 
mer. For instance, if the salesman is selling a 
car with a four-point suspension, he must know 
-the advantage of the four-point suspension and 
the disadvantage of the three-point and vice versa. 

A few subjects will be treated in the follow¬ 
ing: matter. For further information I would 
suggest that every auto salesman make it a point 
go accumulate the catalogs of all motor car man¬ 
ufacturers, and in this way he will see the dif¬ 
ferent features discussed by the various manu¬ 
facturers and will gain many valuable pointers. 

Long Stroke vs. Short Stroke. 

The advantages of the long-stroke over the 
ahort-atroke type of engine are: 

leverage. Given a certain expansion force 
within the cylinder, the travel of the piston be¬ 
ing longer, and transmitted to a longer crank, it 
operates on a longer lever. 

Greater expansion. Given a charge of a cer¬ 
tain volume at the time of ignition, it will ex¬ 
pand to e greater volume (before the opening of 
the exhaust valve) in a long-stroke engine than 
in a short-stroke one, thereby using more of the 
energy generated in the expansion of the gases. 
The theoretical idea of any heat engine is to 
use as nearly 100 per cent of the expansion of 
the charge within the engine as is possible. This 
accounts for the greater efficiency of the com¬ 
pound steam engine over that of the single- 
acting type. This type of engine is substantially 
an elongated-stroke engine, the only difference 
being that the low pressure portion of the stroke 
is in a larger cylinder than the high-pressure 
portion. In the long-stroke engine, this super¬ 
expansion takes place in a less degree in the 
same cylinder, so that at the beginning of the 
stroke the cylinder is a high-pressure cylinder, 
and at the lower portion of the stroke, it U a 
low pressure one. 

It has been found in high speed express loco¬ 
motive practice, that the short-stroke single-ex¬ 
pansion engine, while it produces a very low 
rate of efficiency and is enormously wasteful, 

the actual results in high-speed, light-draught 
work are superior to those of the more efficient 

type, as only the very eream of the expansive 

energy is used. This has been found to apply 
in the same way to gas engines, and for racing 
work, the short-stroke, while less efficient, more 
wasteful of fuel, and less flexible, has been 

found to give better results than the long-stroke 
type. This is the reason some of the promi¬ 
nent European makers produce stock oars with 
small bores and long strokes, while their high¬ 
speed cars are the reverse. Road racers, on the 
other hand, generally revert to the preponderance 
of stroke again, as the short-stroke type is not 
sufficiently flexible to produce good reults, unless 
built in enormously large power-units. 

This was well illustrated in a recent automo¬ 


bile road race; where even the high horsepower 
cars were found to have a preponderance of stroke, 
while the lighter ones were all designed with long 
strokes. One make, whoso sprint cars, designed 
for excessivo speed for short distances—below 
150 miles—have larger bores than strokes; while 
those designed for tho long-distance high-speed 
grinds, have longer strokes than bores. 

Slower crank shaft speed for the same piston 
speed: It has been, found that speed in revolu¬ 
tion per minute is not an accurate standard by 
which to gauge the power of an engine; but that 
piston speed in feet per minute, in combination 
with bore and number of cylinders, is the true 
measure of an engine's power. It is thus seen 
that two engines of the same design except as to 
stroke, will give the same power, (disregarding 
considerations of expansive efficiency) at equal 
piston speeds. But the long-stroke engine in 
reaching the same piston speed as the short- 
stroke type, will revolve much slower. The ad¬ 
vantages of slower speed are, of course, well 
understood. If compared to crank shaft speed, 
the long-stroke type will give greater power, less 
speed, less friction. 

There are other advantages, bnt the above 
are among th^ most important. In considering 
them, it must be remembered that the comparison 
is made in the light of efficiency, which is under 
stood to be made up of tho factors; horsepower 
per gallon of gasoline, horsepower per pound of 
weight, horsepower per cubic foot of space oc¬ 
cupied, durability and flexibility. In a racing 
motor, thia term would not have the same mean¬ 
ing, nor would all racing motors come under the 
same category, as explained above. 

Advantage of short-stroke engines are higher 
speed with smaller pistons, therefore less wall 
pressure and less liability of ring leakage. 

There is less exposure of metallic surface less 
movement of the piston and less angularity, that 
is to say, as the crank is relatively short, the 
connecting rod is thrown less out of its perpen¬ 
dicular position and therefore the piston is less 
violently pressed against the walls of the cylin¬ 
der, with the result that there is a saving in 
frictional loss which is one of the greatest trou¬ 
bles we have to contend with, in striving for 
higher 'efficiency. Another point is, that with a 
short stroke it is possible to have piston pin 
higher up, this preventing the tendency of piston 
to chatter which it does when pin is too near 
the lower end. 

Five-Bearing Crank Shaft. 

Is a five-bearing crank shaft more efficient 
and durable than the three-bearing type? Is 
there less liability of loose bearings in the five 
bearing than in the three f Is it not true that 
it is usually the connecting rod bearings and not 
the crank shaft bearings that wear first and 
therefore the number of crank shaft bearings 
has nothing to do with this trouble! 

Ans.—There are advantages on both sides of 
the engine journal question. The advantages of 
the five-bearing type rest on the fact that there 
is s longer bearing surface, hence more provi- 


*See page 255 for Advantages and Disadvantages of different Ignition Systems. 
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•ion for weir ind (more work in fitting the bear- 
ings when worn.) 

The following ire the advantages ind disad¬ 
vantages of the three ind five-bearing cnnk shift 
is given bj the Oontinentil Engine Co. ind the 
Rntenber Engine Co.: 

The subject is one thit is open to much discus¬ 
sion ind for 4-inch bore ind less, the three 
besrings ire undoubtedly an advintige over 
the five on account of the simplicity, and yet the 
distance between supports is sufficiently small to 
overcome the vibration set up in high speed run¬ 
ning. 

On larger sixes, if the crank shaft is made 
sufficiently strong and the bearings of ample 
width, the three-bearing engine, as has been 
shown, is very satisfactory, but in these sizes it 
is an advantage to have light weight and yet sta¬ 
bility, and m consequence, the five bearings 
often prove better in the argument that they can 
get their surface without heavy crank shafts and 
yet be sure against vibrations. 

The advantages of the three-bearing crank are 
as follows: An engine so equipped is slightly 
cheaper to build, easier to scrape bearings in and 
a slightly shorter engine can be designed by us¬ 
ing the three-bearing shaft. 

The disadvantages are: The wear is slightly 
greater at higher speeds, and to obtain same 
strength as a five-bearing shaft it requires larger 
diameter bearings, hence higher peripheral speed. 

The advantages of the five-bearing shaft are: 
Less distortion and less wear at high speeds 
only; and less heat, that is; if properly fitted. 

The disadvantages of the five-bearing shaft 
are: The initial cost in machining and fitting. 
Would, however, recommend the three-bearing job 
for commercial purposes. 

Offset Cylinders. 

See pago 81 also fig. 5, page 82 advantages are: 

Less liability of back kick, reduced wear on 
bearing surfaces of cylinder walls, connecting 
rods and crank shaft, less liability of the engine 
to stall when car is running slowly on high gear. 

Four vs. Six Cylinders. 

The advantages of the eight over the four or 
six is in flexibility of control, and lapping of 
power strokes,* consequently much simpler in 
points of both operation and repair; more 
power is in a given space, especially as regards 
length; the weights on account of heavy fly wheel 
in the four will be approximately the same; bet¬ 
ter facilities for uniform distribution of the gas 
to the various cylinders; more rigid crank shaft. 

The advantages of the six cylinder over the 
four are: Flexibility of operation due to con¬ 
tinuous torque, allowing a greater range of 
speed without resort to gear shifting; greater 
power at low speed of engine; as, for instance, 
m hill climbing; due to the lapping of power 
strokes, less vibratory strain on the gearing in 
the transmission and differential drive and pin¬ 
ions as well as the universal joints and to some 
extent the tires on rear wheels. (See pages 128 
and 126.) 

Advantage of the four cylinder—principally 
economy and less number of parts. 

Advantages of the T-Head Cylinder. 

The principal advantage of the T-head motor over 
tho L-head is that the valve area is larger than 
with the L-head with the valves side-by-side 
(see page 81 for comparison.) Another advan¬ 
tage is that the gas has a direct passage from one 
side of the engine to the other, and the plugs, 
situated in the inlet valve pocket, are not sub¬ 
jected to a carbon-laden blast of burned gas at 
the exhaust. The exhaust 'is more complete, 
as the outward passage at-one side can be ac¬ 
celerated by .the inward rush of fresh gas. 

Tho disadvantages are that the volume of the 
valve-pockets is increased, thus providing more 
•pace for burned gases to lurk in than with the 
L-head, and that the engine so constructed re¬ 
quires two cam shafts and with their gears, 
bearings and casings, are heavier, for the same 
power, and much more expensive to manufacture. 

Tho **L" hood is easier to construct and re- 


, quires less parts and if properly designed ■ 
gas pockets over valves is correct and - 
properly timed—it is more suitable for 
and general work. See index for 44 
for explanation of valve pocket. 

The overhead valve engine is more 
and efficient owing to the relative pssitien 
valve to combustion chamber. The valves 
ever, are usually noiser and the comprt 
ally higher and very hard on spark ; 
index for 44 spark plugs," "valves" and 
pression" which will treat on overhead 
advantages and disadvantages. 

The Bight Cylinder Bngins. 

The advantages of the eight over the fsnr 
8lx is dearly brought out in text on pages 
and 127. Better balance, more firing * 
and torque are the chief advantages. 

Advantages: Greater power for a gives 
than the six-cylinder design. 

Eight cams instead of 12, and also ihariy 
camshaft. 

Engine is considerably shorter than az-qi 
inder models. 

Shorter and lighter crankshaft. 

Shorter and lighter crankcase. 

Uniformity of torque, which is better thsa Hal 
of six-cylinder engine. 

Suitability of design for reasonably high cm 
pression. 

High mechanical efficiency. 

Disadvantages: Further complication owing M 
more cylinders to care for. 

Oost of and difficulty in manufacturing fe¬ 
cial design of connecting rods. 

Reduction in area of big-end bearings. 

Extra weight of cylinder block in ratio « 
power, as compared with the foor-cyliadsr «c 
six cylinder design. 

Requires better design and more careful work¬ 
manship. 

Balanced Crankshaft. 

A balanced crankshaft will make a good engwr 
run smoother at high speeds, but a property de¬ 
signed engine will run at high enough speeds vh 
no additional benefit from an abnormal shaft, mi 
no system of balancing can increase power mmfi 
at quite high speeds. 

If an engine has an essentially weak shaft thi 
whipping of that shaft at high speeds pbew 
stresses on the bearings and causes power te be 
wasted in friction. By balancing the shaft e* 
may stop the whipping and so raise the peow. 
but this is only a side issue; the real value sf* 
balanced shaft is the greater smoothness ef A* 
engine at the highest speeds the owner is fib* 
ly to use, see pages 78 and 122. 

Tho Floating Axle. 


The advantages of a fnU floating axis sow > 
semi-floating axle are, that whereas in the wm 
floating type of axle the wheels are seearri 
rigidly to the drive axle and are supported oa kat 
ings between the latter and the axle tube, the dim 
axles of the floating axle are flexibly clutched * 
the wheels, run on separate bearings and can? 
no weight. The semi-floating drive axle sst 
not only transmit the driving torque, but nd 
support the wheels besides, while the fleshy 
drive axles receive tortional strains only (the 
weight of the car being carried by the axle be* 
ing). The bearings on which the wheels ef 1 
floating axle are mounted are outside of the isk 
tubes, and easily accessible, while those of tbr 
semi-floating axle are between the drive-axles 
tbe tube, and henee are not as accessible. IV 
drive-axles on a floating axis may be renew* 
permitting the differential to be taken out wifi- 
out disturbing tbe wheels or their mouatisp 
This U, of course, impossible with a semi-flea* 
in<$ axle, as in this type the housing mast W 
entirely removed from the oar, together with fie 
wheels, axle and differential. 

The expense of manufacture of a aemi-flestbg 
axle, however, is much less than that of the flu* 
ing type, and as they have given satisfseta? 
service where they have been properly design* 
many manufacturers do not deem the pak 


See page 126. 
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cost of the floating type warranted. For this 
Toason, in late years, a compromise type has been 
•Tolved, known as the three-quarter floating type, 
which possesses some of the advantages or both. 
<ARTrite Timken Axle Go., Detroit, Mich., for de¬ 
scription of their axles) see page 88, also charts 
272 and 272A. 

Three-Point Suspension. 

Three- point suspension is a general term that 
refers to the suspension of the power plant by 
three points, and has several applications to 
motor car design. The commonest of these is the 
three-point support of the engine, and three-point 
suspension of the frame. When three-point sus¬ 
pension is specified as a separate feature, it is 
understood as referring to the frame suspension. 
'When it is included in the description of the 
engine it refers to the engine. (See page 11 
sand 72.) 

The advantages advanced for three-point sus¬ 
pension are as follows: An engine mounted to 
th« frame by three points is not subjected to 


any strains upon the warping of the frame. The 
jarring from the road is less severe on a three- 
point suspended frame, because at the end at 
which it is suspended by one point, lateral motion 
of the axle has very little effect upon the frame, 
so that in going over a bump on one side of 
the road it is seriously felt but once, although 
both axles are deflected by it. Three-point sus¬ 
pension permits of flexibility of the frame with¬ 
out loss of strength, thereby saving weight, as 
it requires greater strength to support a load 
rigidly, than it does flexibly. 

Many prominent motor car designers are ad¬ 
herents to the four-point form of engine support, 
not from any objection to the three-point prin¬ 
ciple, but because in practice the four-point sup¬ 
port has been found satisfactory. 

The Packard *for many years used a four-point 
engine support on its four cylinder cars, bpt 
found it advantageous in the longer six cylinder 
engines to use the more flexible form of sus¬ 
pension, vis.; the three-point. 


*A Pew Worda to the Young Man Just Starting. 


There is an old saying to the effect, “All the 
world loves a lover." There’s another one, just 
ms true, to the effect that “ all the world loves 
an OPTIMIST." 

It pays to be optimistic! "Be pleasant every 
morning until 10’clock, and the rest of the 
day will take care of itself." 

OptLnism is its own reward. Be pleasant and 
courteous at all times regardless of the kind 
of a reception you receive and in nine cases out 
of ten the coldest turndown will develop into s 
warm welcome if you exercise the proper amount 
of diplomacy and tact in approaching even the 
most irritable prospect. Even if you don’t suc¬ 
ceed In securing encouragement on your first call, 
you leave behind you a favorable impression which 
will be working in your interest and will do a 
whole lot towards landing the order for you on 
your second visit. 

Every day of course, cannot be a record day 
In selling cars. We all have what seen to be 
our unlucky days, and you may occasionally have 
the same experience, but the very next day may 
develop into your record breaker, and more than 
offset the poor results of the preceding day. 

It is the general average which counts. Tou 
may have what seems to be two or three very 
vnhteky days in one week and all of the other 
days may so far exceed the result of the un¬ 
lucky days that the average of the week will be 
up to your high water mark. Every business man 
will tell you that he has days and weeks when 
it seems that “the bottom has dropped out of 


business," but yet at the end of the month or 
the end of the year they find the general average 
is very satisfactory after all. 

That’s the way you’ll find it in all lines of 
work. Tou will very seldom find real cause for 
discouragement, and all of these expereinces in 
overcoming difficulties, and making the good days 
offset the bad days, is the sort of EXPERIENCE 
that will be of great value to you in your future 
work along any line. 

Some of our readers, Who are now among the 
greatest producers, had what seemed to be more 
than their share of unlucky days at the start. 
Some of them wrote us at the end of the first 
week that they didn’t believe they could ever 
make a succoss of the work and they were on 
the point of giving up in disgust. They didn’t 
give up, however. They “stayed with the ship." 
They started the second week with renewed de¬ 
termination to succeed. And they DID succeed. 
They found that determination and persistency 
were the qualities that always WIN—just as they 
will win for YOU. 

As previously stated, the first essential is to 
know your car. Be prepared to intelligently 
present your proposition and know how to over¬ 
come any objection when it is presented. Be 
convinced, in your own mind, that you have a 
proposition which justifies the very best effort you 
are capable of putting forth. Sell to YOURSELF 
first— then you’ll And it an easy proposition to 
sell to others, and above all else, do not forget for 
one moment that you are the r****esentative of 
the greatest industry the world has ever known. 


Where to Obtain Further Information or Catalogues. 


Automobiles; write to one of the auto magazines 
(see page 529), and see also automobile manu¬ 
facturers addresses—below. 

Ignition; for catalogues on ignition, see igni¬ 
tion subject and page 288. 

Electric starter, etc.—see page 878. 

Carburetors; see page 162, for address of 
manufacturers. 


. By addressing the publisher of this book: ad¬ 
dressing your correspondence to A. L. Dyke, 
Publisher, St. Louis, Mo., “Information Depart¬ 
ment," and enclosing stamped and self-addressed 
envelope for reply, we will gladly furnish you 
with any information we can. At certain seasons 
of the year, inquiries of this nature are very 
numerous but We answer just as soon as we can. 

Specifications of leading cars—see charts 229 


Where to obtain parts of cars no longer manu- to 282. 
factored—see page 547. 

Addresses of some of the Leading 


Automobile Manufacturers. 


Abbott-Detroit Motor Oar Oo., Detroit, Mich. 
Apperson Motor Oar Co., Kokomo, Ind. 
Auburn Motor Oar 0o. f Auburn, Ind. 

Briscoe Motor Oar Oo., Jackson, Mich. 

Buick Motor Oar Oo., Flint, Mich. 

Cadillac Motor Oar Oo., Detroit, Mich. 

Oase Motor Oar Oo., Racine, Wise. 

Chalmers Motor Oar Oo., Detroit, Mich. 
Chandler Motor Oar Oo.. Indianopllia, Ind. 
Cole Motor Oar Oo., Indianapolis, Ind. 

Dodge Motor Oar Oo., Detroit, Mich. 

Dort Motor Oar Oo., Flint, Mich. 

Empire Motor Oar Oo., Indianpolis, Ind. 

Ford Motor Oar Oo., Detroit, Mich. 

Franklin Motor Oar Oo., Syracuse, N. Y. 
Hudson Motor Oar Oo., Detroit, Mich. 
Hupmobile Motor Oar Oo., Detroit, Mich. 
Jackson Motor Oar Oo., Jackson, Mich. 

Jeifer. Motor Oar Oo., Kenosha, Wise. 

‘See Instruction 44. 


King Motor Oar Oo., Detroit, Mich. 

Mercer Motor Oar Oo., Trenton, N. J. 

Mets Motor Oar Oo., Waltham, Maes. 

Mitchell Motor Oar Oo., Raeine, Wise. 

National Motor Oar Oo., Indianapolis, Ind. 
Oakland Motor Oar Co., Pontiac, Mtch. 
Oldsmobile Motor Oar Oo., Lansing, Mich. 
Overland Motor Oar Co., Toledo, Ohio. 
Packard Motor Car Go., Detroit, Mich. 

Peerless Motor Oar Oo., Oleveland, Ohio. 
Pierce-Arrow Motor Oar Oo., Buffalo, N. Y. 
Regal Motor Oar Oo., Detroit, Mich. 
Seripps-Booth Motor Oar Oo., Detroit, Mich. 
Stearns-Knight Motor Oar Oo., Cleveland, Ohio. 
Studebaker Motor Oar Oo., Detroit, Mich. 
Stutz Motor Oar Oo., Indianapolis, Ind. 

Yelie Motor Oar Oo., Moline, Ill. 

Westcott Motor Oar Oo., Richmond, Ind. 
Willys-Knlgbt Motor’Oar Oo., Toledo, Ohio. 
Winton Motor Oar Oo., Oleveland, Okio. 


M | 
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DYKE'S INSTRUCTION NUMBER FORTY. 


♦♦The S. A. E. Horsepower Formula. 

The horsepower of * gasoline engine Is dependent upon the following things: number of ejSe¬ 
ders, area of piston heads, average number of pounds per square inch exerted upon the piston darisg to 
working strokes, and the revolution per minute of the engine. 

S. A. E. means Society of Automotive Engineers. This formula was orignally adopted by the A L 
A. M. (American Licensed Automobile Manufacturers) and later by the S. A. E. 

It has been worked out upon the assumption that the piston speed is 1000 ft. per min. and that to 
mean effective pressure is 90 lb. per sq. in. Inasmuch as the piston speeds of modern engines ns if 
as high as 1500 to 2000 ft. per min., and the mean effective pressures per sq. in. go up to 110 to IS 
lb., you can see that this formula is not altogether accurate, as to the actual horse power woiud be om 
siderably more, however it is used for estimating end serves its purpose. 

In order to compensate for the inferior quality of gasoline, some manufacturers hsve reduced the w» 
of the combustion chamber so as to give a high compression. 

♦Piston Speed. 

S. A. E. Horaepowar Table. When thus. A. E. formula waa tot adopted mast 

developed their horse power at 1000 feet of piston t ra vel pn 
u p m mom) x rnnaw or cruscem minute. Therefore it was worked out under the assumposa 

* * 14 that the piston speed is 1000 feet per minute. 

The factor of piston speed takes in both the length of da 
bne home rown stroke and speed of the crank-shaft in rev. per min. and mam 

-—— -- — —— ——-t ■ effective pressure of 90 lb. to the square inch. 

MCMC * anus non nous sous nous The shorter the crank the quicker it can be turned. to 

" --longer the crank, mors piston travel per stroke, thereto* 

,i <. , - * a m a a crank can travel slower and still the piston will travel tt* 

1 « M ft \°,.l 11.1 rpquired distance. 

| To I 3.0 o.o xa.x x 8 .x As an example; suppose the stroke of an engine is 4 iaefeet 

v 73 3.3 6.6 13 . a 19.8 it would have to make 8 strokes to travel 12 inches or 1 fan, 

because each stroke is 4 inches in length. Take on the otto 
3 - 76 3.6 7 .a X 4.4 ax .6 hand, an engine with a stroke of 6 inches; it would have bn 

! 79 3-9 7-* > 5-6 33.4 2 strokes to make per 12 inches or 1 foot of travel. Thereto* 

*3 4-* 8-4 > 8.9 as .3 it is evident from the above that the shorter the stroke, to 

•S 4-0 9 .x 18 .a 37.3 faster crank must move to cause piaton to travel 1000 feet k 

} . the specified time. 

oa f? JOK a? a ix'i A given amount of power can be developed In cylinders 

95 s -6 xx!a aa!$ 33 !^ either large or small diameter. Thus there is the example d 

00 ia.o 24 0 36.0 the stationary gas engine. To obtain for example, 10 k p. 

from this type of engine a very large cylinder and compart 
4 - xoa 6.4 xa .8 as .6 38.4 tively alow speed would be employed with a maximum speed 

i X 05 6.8 13.6 37 .a 40.8 of perhaps 800 to 600 r. p. m. A modern 10 h. p. 

I xo 8 7 .a 14.4 38.9 43.3 automobile engine on the other hand has four very smaft 

1 xxx 7.7 xs -3 30-6 45.9 cylinders, but a high speed say, 1500 to 2000 revolutions per 

minute. The individual power impulses are very much weak* 
4i ”4 16.3 33.4 48 6 than those of the large slow speed engine, and consequently m 

4 xx 8 8.6 X 7.1 34 * 5**4 parts can be made much lighter and smaller, as the shacb 

I iax 9.0 x 8 .o 36 .x 54 * and stresses that have to be sustained are proportionstsfy 

| 134 9.5 19.0 38.0 57 o much leas. 

5 * xa 7 xo.o ao.o 40.0 60.0 How To Figure The S. A. E. Formula, 

f *3° *o-5 **■<> 4 *-o 63.0 This formula is used by aU leading manufacturers sad by 

| 133 xx.o aa.o 44 .x 66 .x the license offices in different cities. 

| 137 ix .6 33 .x 46.3 69.3 D- V 

5 * 140 xa.x 34 .a 48.4 72.6 H. F. = - — 

1 JJ’J 5 For example: /What is the estimated formula h. p. of • 

| 149 X 3.8 37.6 55 !? Sail four cylinder engine which has a 4 inch stroke I 

6 - 15 a X 4.4 *8.8 57.6 86.4 By referring to the table, to the le't, one 4 in. bore cylindw 

is 6.4 and 4 cylinders of 4 in. bore is 25.6 h. p. This ■ 
arrived at as follows: 


MHES 

mu. 

serin 

tcvu 
| non 

nSn 

4 CYU 

NOUS 

e CYi- 

nom 


84 

a.5 

S.o 

XO.O 

X5-o 

I 

68 

3.8 

5-5 

xx.o 

*6.5 

{ 

70 

3.0 

6.0 

xa.x 

X8.X 

1 

7? 

3.3 

6.6 

*»■* 

19.8 

3- 

7* 

3.6 

7-* 

*44 

ax.6 

* 

79 

3-9 

7-8 

15.6 

*3-4 

I 

*3 

4* 

8.4 

16.9 

35-3 

1 

85 

4-6 

9-i 

x8.a 

37.3 

3} 

89 

4-9 

9.8 

19/6 

*9-4 

4 

9* 

53 

xo.5 

ax.o 

3*. 5 

•J 

96 

5-6 

xx.a 

aa.5 

33-7 


99 

4-0 

xa.o 

*4-o 

36.0 

4- 

xoa 

6-4 

13.8 

35.6 

38.4 

* 

X05 

6.8 

13.6 

*7* 

40.8 

I 

108 

7-* 

*4-4 

38.9 

43 3 

1 

xxx 

77 

*5-3 

30.6 

45-9 

4b 

XX4 

8.1 

16. a 

3*-4 

48 6 

{ 

118 

8.6 

*7-1 

34-3 

5*.4 

1 

xax 

9.0 

18.0 

36.x 

54* 

I 

1*4 

9 5 

19.0 

38.0 

57 0 

5* 

x*7 

xo.o 

30.0 

40.0 

60.0 

* 

130 

xo.5 

ax.o 

4*0 

63.0 

} 

*33 

XX .0 

aa.o 

44-X 

66.x 

4 

137 

IX. 6 

33.x 

46.3 

69.3 

5J 

140 

xa.x 

*4-3 

48-4 

73.6 

! 

*43 

xa.7 

*5-3 

50.6 

75-9 

f 

146 

13.a 

36.4 

5*. 9 

79-3 

4 

149 

*3-8 

37.6 

55-* 

8a.8 

6- 

*5* 

X4-4 

28.8 

57-6 

86.4 


S. A. E. Horsepower Table 
for 4, 6 , 8 and 12 Cylinder 
Engines. 


Bora la -Number of Oyllatau— 


SlCbM 

Foot 

Six 

Bltf * 

Twalv * 

8 % 

10.00 

15.00 

20.00 

3030 

2 % 

11.83 

16.85 

22.46 

31.70 

2 % 

18.08 

18.18 

24.16 

3633 

2 % 

1837 

20.00 

26.74 

40.00 

3 

14.40 

21.60 

28.80 

43.00 

3 * 

13.64 

23.50 

3138 

47.00 

3*4 

16.02 

2530 

3334 

50.78 

3 % 

18.21 

2730 

86.42 

54.60 

3 % 

10.61 

20.46 

30.22 

5830 

3 % • 

21.08 

3137 

42.16 

63.14 

3 % 

22.50 

33.75 

45.00 

6730 

3 % 

24.22 

3632 

48.44 

72.64 

4 

25.60 

38.40 

5130 

76.80 

4 % 

27.20 

4030 

54.40 

81.60 

4*4 

20.00 

4330 

58.00 

87.00 

4 % 

30.65 

46.00 

6130 

92.00 

4 * 4 . 

32.40 

48.60 

64.80 

97.20 

4 % 

34.28 

51.41 

6036 

102.81 

4 % 

36.15 

5430 

7230 

108.40 

4 % 

38.25 

5731 

7630 

114.42 

5 

10.00 

60.00 

80.00 

120.00 

5*6 

42.20 

6330 

84.40 

126.40 

5*4 

.4430 

66.40 

88.40 

13230 

5 % 

4634 

6030 

0238 

139.00 

5*6 

48.48 

72.72 

06.06 

145.44 

5 % 

50.80 

76.10 

101.60 

15230 

5 % 

53.00 

7030 

106.00 

159.00 

5 % 

5538 

8338 

11036 

167.76 

6 

57.70 

86.64 

115.40 

173.28 


D 2 (diameter squared) 4 X 4 = 16. 

H (number of cylinders) 16 X 4 = 64. 

2.5 (constant) 64 -s- 2.5 = 26.6 h« p. 

It will be noted that the stroke of the cylinder was an 
taken into consideration at all. 

Another Formula (not the S. A. E.). 

The following formula takes into consideration the stroke ss well 11 
the bore snd slao the speed. 

H. P. Formula: D 2 x N x L x R 

- = H. P. 

0 

This means square the diameter or bore of the cylinder (D 2 ) and nd* 
tiply the result by the number of cylinders (N) and multiply this remll 
by the length of stroke (L) and multiply this result by the revohttos 
(R) per minute of crank shaft, then divide this total reeult by to 
4 ‘constant” (C) below. 

The “constant” for 4 cycle engine is 18,000. 

The * ‘constant” for 2 cycle engine is 10,000. 

Example; suppose we have a 4 cylinder engine—4 inch bore (disn- 
eter) and five inch stroke and 1000 revolutions per minute—vbat is 
the horse power? | 

4x4 equals 16 (squaring the diameter D 2 ). 

16 x 4 equals 64 (result multiplied by number of cylinders “I"). 
64 x 5 equals 820 (result multiplied by length of stroke “L”). 
320 z 1000 equals 820000 (result multiplied by number of vsvaia , 
tions “B”). 

320000 divided by the “constant,” 13,000 will give ns 24.0 h. p. to 1 I 
4 cycle engine. 

320000 divided by 10,000 will give ns 82 h. p. for a 2 eyds engtn*. 1 

The “constant” is a figure arrived at by the founder of the (orsik . 

Tou will note there is e difference of 1 h. p. between the horse psmr 
figured with this formula and the 8 . A. E. formula. There Is uaaaflf 
a difference with all formulas. 


TART NO. 221— Hon© Power Formulas. *See page 540 for table of piston travel in feet per nix. 
“— ’mown as the N. A. C. 0. (National Automobile Chamber of Commerce) formula. 
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INSTRUCTION No. 40. 

MORSE POWER, TABLES AND GENERAL DATA. Spec- 
ifications of Leading Cars. Standard Adjustments of Leading 
Cars. Piston Displacement. Conversion Tables; Degrees, 
Millimeter and Thousandths of an Inch. Dynamometer 
Test. S. A. E. Horse Power Formula. Brake Horse 
Power with Prony Brake. How to Find Gradient. Where 
to obtain Parts of Cars No Longer Manufactured. 


♦Horse Power. 


The power unit used in motor work is a 
standard rate of doing mechanical work, 
equal to 33,000 pounds (or weight) raised 
through a height of 1 foot in 1 minute; or 
if we move 16,600 lb. through 2 feet or 
any proportionate ratio which multiplied 
together equals 33,000 in the same time, it 
is also equal to working at the rate of 1 
horse power. This means that, theoretically, 
if the speed of a motor car engine could 
always be kept constant, and thus be giv¬ 
ing uniform power, this power could be util¬ 


ized to move any load up any gradient by 
taking a proportionately longer time to do 
it, providing that the car had a perfect all¬ 
speed gear. This principle is, as far as nec¬ 
essary realized by the change speed gear of 
a car which gives a range of three or four 
speeds. Wind resistance increases in pro¬ 
portion to the “square” of the speed: thus 
at 20 miles per hour it is four times what it 
is at 10 miles, and at 30 miles per hour nine 
times, and so on. 


Horsepower Abbreviations. 


Horsepower.—This nowadays has nothing 
to do whatever with the power developed 
by a horse—but is an unscientific way of 
defining power. In the days of Watt and 
other early engineers (of the 18th century) 
the work in ft. lbs. capable of being done 
by an average draught horse was taken as 
the unit of work. A motor rated at 1 horse¬ 
power is capable of doing 1 mechanical 
unit of work, which is equal to the power 
expended in lifting a weight of 33,000 lbs. 
through a height of 1 foot in 1 minute of 
time. The French horsepower equals 32,- 
649 foot pounds, and is thus less than the 
English standard. 

“Brake* * horsepower (abbrev. B.H.P.) 
is the power available at the driving shaft 
of the engine, such as could be determined 
by making a power absorption test by 
means of a brake type of dynamometer. 

“Actual* * Horsepower is the amount of 
power that would be available if there were 
none absorbed by friction within the engine 
itself, and the total energy of the explosion 
was transmitted without friction or other 
losses to the road wheels. 

“Indicated** horsepower (abbrev. I.H.P.) 
is measured by taking an indicator dia¬ 
gram, which shows the * * mean effective pres¬ 
sure * * of the explosion, in pounds per square 


inch. For high speed engines an optical de¬ 
vice is used, which plots out the pressure 
line on a photographic plate. From this the 
mean effective pressure during the stroke 
can be calculated. 

Thermal efficiency of an engine equals the 
number of British thermal units, converted 
into work, divided by the total heat. 

Total power of an en gine is the same as 
its I.H.P.: If an engine develops on brake 
tests, seven brake horsepower, or actual 
horsepower, and it takes 3 H. P. to drive 
itself, it is therefore properly called a ten 
indicated and seven actual or brake horse¬ 
power engine. 

Horsepower is an art which had its incep¬ 
tion with the steam engine, and since then 
has been going through a phenomenal pro¬ 
cess . of evolution. Horsepower, today, ac¬ 
cording to the manufacturer’s catalog, is 
one of the vaguest quantities; and accord¬ 
ing to the best accepted formula it is al¬ 
most as uncertain. 

To the person whose conception of horse¬ 
power is limited to raising 33,000 pounds 
1 foot in 1 minute the catalog rating of 60 
to 70 horsepower has little value or mean¬ 
ing. From this however, it will readily be 
seen that horsepower means so much work 
accomplished in a certain length of time. 


How to Calculate Horsepower. 


To calculate exactly the horsepower of a 
gasoline automobile engine is, of course, al¬ 
most impossible. No matter what the for¬ 
mula used, there must be some trifling error, 
depending upon, if nothing else, the num¬ 
ber of revolutions made per minute by the 
engine. Probably the only way of learning 
the exact horsepower of any engine is by ac¬ 
tual test upon a mechanical machine (as per 


charts 224A and 226). 

It is possible, however, to estimate the 
horsepower of any engine within a reason¬ 
able degree of accuracy. Of the several 
formulas promulgated for this purpose, the 
one now used to the greatest extent in the 
United States is the A. L. A. M. formula, 
now known as the S. A. E. 


♦See also page M6. 
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Gasoline Engine Horse Power Defined. 


▲ gasoline engine depends upon speed for produc¬ 
tion of nsefnl work, a gasoline engine which would 
develop a certain horse power at 750 r. p. m„ would 
develop, roughly, double that at 1500 r. p. m. if 
suitably designed. 

The reason for this is that the driving effort of the 
exploding gases is tolerably constant through a long 
range of speeds. In this respect it is absolutely differ¬ 
ent from either the steam or electric motor. Each of 
these exert their greatest driving effort at low speeds, 
and fall away—relatively, of course—as the revolu¬ 
tions mount up, due in the case of steam to insuffi¬ 
cient mobility and rate of expansion, and in the case 
of electricity to a progressive lag in the rate of satu¬ 
ration as the speed increases. 

With each of these motive powers the actual 
turning moment or energy Is very great compara¬ 
tive to engine syeed when starting up, hence their 
eminent suitability for locomotion, change speed 
gears being unnecessary. 


With the gasoline engine, on tbe co n tr ary fti 
turning moment Is not great at any time, matins 
Its speed but is roughly proportional to it Osm 
quently, we are within certain wide limits dcpmfr 
ent entirely upon engine revolutions for power 
It is for this reason that transmission gists at 
necessary, namely, to keep the engine speed sp. fcr 
starting, or hill-climbing. 

In mentioning the nominal horse-power due 
gins, L e., the catalogued h. p., it Is fa rt s aid 1 
convey that the engine develops this power si 
moderate touring speed. An ordinary eo-eaDsA IS 
h. p. engine, for example, will probably develop tM 
power at somewhere between 1000 and 1500 r.pa 
This by no means indicates Its maxim, ksej 
ever, for there is more than one engine of II 
in. bore (19.6 h.p.) which will develop over SO ip 
—at of coarse, a very high speed. Needless to m, j 
this is quite an exceptional figure, but it serna a i 
illustrate the principle. 



The Pan Dynamometer. 


The 


fan 


JJ x ti * i 

iNtLC lBQN> 


Consists of a fan, drives If 
engine. The power reqiind a 
turn the fan Incx 
speed an d at all 
definite relation to tbe spat 
Hence, knowing the spec*, ft 
is possible to detenus? i 
horse power being devekpet- 
see r. p. m. (revolutions ys 
minute) and h. p. table Mas. 

Tho speed is shown by amm 
of a speedometer, drives fne 
the fan-shaft, but regtoterim 
revolutions per minute isrtai 
of miles per hour. 

Engine is bolted to a torn 
The drive shaft is shows, tb 
fan shaft is carried m tm 
heavy pillow blocks bolted ti 
wooden supports with ball « 


CNGfNE ATTAtWMtWT 


i'ALUMUftjM 

SPECPOMt TZJt 


fia 




roller type bearings if pmeibh 
should be of solid bar nickel tied 
3* %" by fta* lour. The hub should also bo d 
nickel steel. Fan blades are heavy sheet alumiass, 
placed 40 in. apart on centers, and bolted to tfa 
fau arm by mesne of angle iron strips that an m 
eted back to back on tho aluminum blades. To avail 
accident the fan is enclosed in a cage of mesh fin 
netting. 


R.P.M. 

H.P. 

400 

1 

600 

2* 

800 

6 

1000 

12 

1200 

20 

1300 

25 

1400 

37 

1500 

40 

1600 

48 

1700 

60 

1800 

70 


Electrical Dynamometer. 





The method for testing the b. p. of s P* 0 * 
engine with an electrical dynamometer to wil¬ 
lows:—-The engine is belted or (preferably) 
direct to a dynamo machine. Connected op with tto 
dynamo are two specially accurate electrical 
ing instruments, one a voltmeter and the other ti 
amperemeter. The current which the dynamo P* 
duces when driven’ is used up by either s gw 8 ?* 
lamps or a set of wire or liquid resistances, 
amount of work the dynamo will do, such u «PJ 
ing lamps, etc., depends on the power put to** 
from the engine. It Is easy to convert ti*®* 
power units into mechanical units. Thus:® 
peres x volts equals watts, and there are 746 
to a horsepower, so that by simply taking the nti 
ings of the voltmeter and ammeter the amoast» 
power the dynamo is giving out is at once calculated. The dynamo, of course, does not transfar® ® 
whole of tho power put into it into electricity, but it may transform somewhere near 90 per cent ia® 
Certain mechanical and electrical losses occur in the dynamo, but these aro calculated beforehand. 
knowing exactly how much of the power, put into the dynamo is lost or wasted and the maximum sms® 
given out, will give the power actually produced by the engine. 


CHART HO. 224A—Gasoline Engine Horse Power. The Fan Dynamometer. Electrical Dp 0 * 

meter. 


*Fan Dynamometer from Motor World by Mr. S. T. Williams (used by Reo Service Stations). 
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Prony Brake H. P. Test. 

One horse-power Is defined as 
the power that will raise 550 lb. 
1 ft. high in 1 sec., or, as the case 
may be, 33,000 lb. 1 ft. high in 1 
min. The power that will do one 
will exactly do the other if the 
gearing is suitably arranged. 

Construction; (B) flywheel re¬ 
volving in a clockwise direction 
as per arrow. 

(A) wooden clamp, provided 
with tightening screws (E) and 
extended into arm (D),* whose 
outer end bears on platform of 
scale. 

TSx a mp le; assume now that we want to find the h. p. at, say, 1500 r. p. m., we start up the engine 
“rst rigged up to some convenient part a speed counter), open throttle fully, tighten down clamp 
y the screws (E) until engine is slowed to the required speed, namely, 1500 r. p. m. The number of 
•ounds pull on arm (D) is now read off at (F). 

Observe now tbo calculation. We first measure the distance from the central point of the. flywheel to 
he point of the arm which rests on the scale. Assume this to be 3 ft., and the number of lbs. indicated 
ixs the scale to be 30, and we have all the necessary information. 

This arm is virtually the radius of an imaginary flywheel 6 ft. in diameter, which exerts at Its rim— 
. e., at the point resting on the scale—a pull of 80 lbs. 

Now a flywheel having a diameter of 6 ft. has, roughly, a circumference of 19 ft., and if its speed is 

® he 1500 r. p. m. f we have here a rim speed of 28500 ft. per minute, exerting a pull of 80 lb., or, in 

ither words, 855000 ft. lbs. per minute. But, as we have seen, 88,000 ft. lbs. per minute is 1 h. p., there- 

it requires but a simple division to find that the engine is developing nearly 26 h. p. 

In actual practice, rather more elaboration is necessary to cope with secondary considerations. A 

*®-*table method of dealing with the friction on the flywheel, for instance, must be found. A proper lin* 

the braking clamp, so that the drag on the flywheel is constant, free from jerks, etc. 



Relation of Speed of Engine to Road Wheels. 

Pig. 5.-—If you did not know the ratio between the speed of. the engine and the speed of the car, there 
* way of arriving at this ratio approximately. Jack up both the rear wheels as shown in fig. 5. and 
tnon after throwing the car into low gear crank the engine slowly by hand, counting the number of 
times the engine has to be completely turned over to one complete revolution of both rear wheels or two 
complete revolutions of one rear wheel. First make a reference mark on the flywheel, or take one of 

the timing marks as a reference, and after bring¬ 
ing this directly under the pointer, if there is one; 
or some other reference point on the flywheel hom¬ 
ing, make a mark on the tire and another directly 
below this on the floor. Now turn the engine 
slowly, and when the rear wheel is again in line 
with its floor mark, count the number of times the 
flywheel has turned. If it has taken 20 revolutions 
of the engine, the ratio is 20 to 1, and so on. 
Test Intermediate and high gear in the same 
manner. See page 22 for meaning of ratio and 
page 583; ratio of different cars. 



VACANT 



How To Read a Taximeter. 




Fig. 2 — Taximeter starting 
with tariff sign showing one 
fare or passenger. 


Fig. 3 — Taximeter with 
three or more persons. 


Fig. 1. 


▲ taximeter is used on taxicabs for the purpose of keeping tab on 
the distance traversed and cost per mile to a passenger. 

When car is standing the meter is shown with the vacant sign stand¬ 
ing upright and all dials at zero, per fig. 1. 


When car starts on a trip with one or two persons, the “Vacant" sign is turned to the right, as 
shown in fig. 2. The tariff shows a figure 1, which means one fare to be charged. The total fare 
registers 80c which is the charge for the first one-half mile, and which is made when the vacant sign 
is first pulled to the right. After the first half-mile charge is recorded, the instrument automatically 
charges 10c for each additional quarter mile. In case a trunk is carried, the driver turns the knob on 
the reverse side of the instrument, which causes the trunk charge to be recorded, in the "extra" space, 
and also adds this amount of extra to the "total fare" already recorded. After the passenger leaves 
the taxicab and pays the fare, the vacant sign is returned to vertical position and figures again go to zero. 

.When three or more persons enter a taxicab, the "Vacant" sign is turned to the left as shown in 
fig. 3. The initial charge of 30c is the charge for the first one-third mile and additional 10c for each ad¬ 
ditional one-sixth mile (note difference of one fare and double fare charge). 

When taxicab is kept waiting, there is a clock mechanism which, when the "Vacant" sign is down 
and the vehicle standing, a charge of 10c is registered for the first 6 minutes, and a similar charge for 
each additional 6 minutes of waiting. (Note this may vary in different localities.) 


CHART NO. 225—The Prony Brake H. P. Test. Ratio of Speed of Engine to Bo ad Wheels. Hon 
T o Bead a Taximeter. 
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DYKE’S INSTRUCTION NUMBER FORTY. 


•Piston Displacements of Four-Cylinder Engines in Cubic Inches. 
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693.1 7M.3 
7M.fi 713.1 
730 1 733.9 
733.9 751,5 
741.3 70J.J 
741 1 770.6 79*. 
775 P763.ittll 



••Piston Displacement of Six-Cylinder Engines 
in Cubic Inches. 

I STROKE IN INCHES 


I 




.,117.8,121.5 135.2 IIS 9132 8 136. 2 139 9 143 6 147 2 ISO 9 

III 8 197.8131. S' 186.1 13S 3 143 I 147.0 180 * 151 7 1*8 * 

. 119.9 133 9 13* 0,10.1,14* I 7W 3 >54 2 (50 J Iftl 4 1«».| 

lU n lin ± lU TMit -ft 1 tl 4 i m T IJ3* n nji *mtj j 




. U*.l 140 4 14+ 7 148.9; 1*3.3 507.6 161 7 
, 143.0 1+7 0 15S,*11*5 9 169 4 164 B 1W 1 

149.1 153 * 156 4 183 1.167 7 172 4 >77 0 

. 3*5.-H 1*0.7i 166.A 170.4 ITS 3 180 1 tfi* 4 

, 1».7 1*7.7j 179.* 177.0 113 D W.ljtO.' 

. IM 6174.91*0 3-1*8.1J90* 8 196 lMl.4 
., 178.8 in.I 187 H 193.4 10$.0 204 +209 9 

. 1B4.1 I5B.S 195 &3QJ 1 2*1 I.S12 * 218 6 

191.6 197.6.203 5 M3 5 2Li i Kl 4-7'jT I ».mi i w* i ,i «i *, ett .*i*nj i 

. 199, | 39S 3 211 5 2L7 H 214 O 330.2,338. J 743.8 24*.9 255.1 HI 3,247 5,273 7 

3,318 8 738 2 H2.7 239.1,1+5 A 252 1 25S.S 7M* 0 ■ 

.. 214 7 231 * 225 1 264 8 241 6 248 3 2SS (1,2*1 7 +& 4 27* 1 

-*1H.7,229 7;3M 7.243 6 250 fi 257 &bw.5 ! JT|.5 IT* + 1*5 + 


185 9 UP.2 174.4 
173.7.1TO.1,1H.* 
iat.7,1** 4 191 Q 
189 ff 19* *! 199,* 
198.2.108,5 708,4 

3£W 7 212.0 217. J 


H « 


164 ft 1*8 3 1*2.0 
162 5 ID* 3 170.3 
>70.5 1T4 5' 173.8 
171.7 183.9 178.2 
1871191 8 IM 0 
IU.TH». + ;».D 

364.5 209.4 71+ 'i 

213.6 311.8 223 6 


_8 227 912X3 2 

215 4 221 0 2H * 2S2 0 87,$;2+J 1 
2S4 +230 123* 9-MI .8 347 + 333.1 
2,13 * 239 4 245 4 231 *,26T.jjlfa J 


, mmm ■ ■ I ■ Wj+P*™ ■ I V P« I T #Wi 9 

230.9 234 1 215.3 252.fi 2*9 6 267 0 TT4 2 281 4 286 6 2M 9 

,. 339.2:24* 7:2*4 3;M| ,7i2#9 L 376 6 7*1 1 291 6 2W 0 30# 6 314 0 321.5 StH 9 

. 2+7 + 265 3|2fi2 9 210 6 37* 4 78* 1«3 % 30: ft 309 3,317 0*234 * 132,5 HQ 1 

SM A 3fM 3 271 S Sfl IMl t Uu i lit 1 UA t'l'W I IM 1 Ulll^ i 


271 1.277 9 *M + 
Ml 8 *88 5 395 3 
392 3 299 3 306 3 
“ 1 3t0 3 317 A 


, 253 O 29] 8 30CI 7 
. m .2 301 3.210.5 



Ml 5 
319.6 


. 25* 3 381 3 271 3 280 3 2S3.+ 298 4 3*4 4 3U 4 MO + 3S8 I S3* 4 3+4 4 351 4 

■ 2*6.1,373 4 HI.T|2H 0 29$,3 5-'))4 81333.1 Hi I 219 7lM7 9 346.2 364 6 

574 0 255 5,291 1 299 7 3 3>8 8.325 4 3U 9 343 5 351 a,3H.4.MS.2 J3I 7 

'|m ■ T ' 3>8 + 327 1 m I 345 0 363 8 M2 8 ITl 4 MO 3 389 I 1 

328.7 337 5 3+7.0 3- M * ' —-M j 


2*0 H-3M 8 370.9 3M.9 
361 5.371 8 3SJ .‘2 393 5 
373.4 iftt.0 3*3 J+WJ 

3*3 4 294 4+80 3- 

3SJ 3 3M 8+45 9+17 2 
394 4 408 0 417 * 129 2 


6 405 6 417 6 439+441 3 t».l ____ 

. 302+401 4 410 9429 3 4+1 4+53 7,4M .0+78.3*90 5 MB 7,611 0 527 3 539 5 

403 2 41*.6 +2+ 4 411 0+53 6 +86.2 47B 8 491 4 604 0 618 G 124.2 5+1 8‘S54 4 

+ 14 2,427.1,4+0.1 *53 0 1*6 0 478 0,491 .$ . .. mfm *~ “ ' 

+25 J 438 8 +5] 9 +tf 2 +7* * 491 7 ADS 0 

. +3* * 460 1.463 S +77 5 «1 \ 50+ 3 513 4 

, 4+§ O 1*2.U 476 fl +90 D 1CM 0 5H 0 532 0 

1459 5 473 9 4B.S,MS.G *17.0631 3 545 7 

L I 

. 471.2 468 O SOT 7 515 4 530 t M+ 0 539 6 

. 1M.1.4H.2 SL3 3 528 4 5+3 6 55S 6,573 7 

. +H1 S10 8 62G O 541 6 SfiT 0 57J 5 5jS7 0 

.|«T 3 133.1 *38 9 3H 5 570 6 5^.6*02.4 __,_______ 

119 4 635.8 552 D Ml* 3 m 3 flOO 7 *17 0 CU 2 6+9 4 GAS.T'&fil B'*tt3 171+ 4 

JA32 0 M*.8 3*5 2 S8I.I.6M.3 6LS 1(631 7 Ms + 6*6 0 «Hl fi M* I'7l+.9 73l.fi 

5+4 *.»l.8 178.8 MB G 612.7 620.71*46 7 663.TiHO 7 W 7 714.1 731.8 748 B 
. ,567.3,474.7,352 1 m 6 *37.0 H4 4 8*1 S 670 I KM fi 711 I 731.ft 7« 9 7*6 S 

. 678.2 6*B.Ch60i.e 63* 7 641.5 659 3,677 I 69+ I 712 I 730 G 7+8 4 706 3 7*1 U 


3.J 401 I 


JS8 ijttl 1 174 4;MS ljifc.3 

329 0 339 3 J+B.7 358.1 MT.*W 0 J88 + 396.8.405 3 41+ 7 

340 3»» 8SH 8 3*8 4 379.1 W8 8 3KM.6 408.1 41* 0 +3? 6 

-300 9 400 9 110 9 421 0 431 Q.«t 0 

402 A 4 (3 2 421 5 436 6 44+ 1+5+5 
415 0 425 8 *38 2 446.9457 6,+*$ 2 
437 3 4312 419 1 4S0 I (+71.1'+R? 0 
4M 7 451.0 +*! 3,473 * +1+ S' +96 I 
457 4 4*4 O +03 fi +8? 3 +96 B SIP 4 

4*5 2 477 1 1*0.1 501 0 51J 9 53* 8 


304 * 617 7 ISO 7 5+3 6 5*4 6 3«0 & 

GUM 631 4 54+ 0 543 2 57 > 5 Sfi+ H 

332 1 5+6 7 54* 3 573 0 6S6 fiiftO® 3 
5+4 0 !H50 0.57+ 0(6SB 0 fi0? fi.ftl* 0 
560 1 | 574.4 | B*S I.Ml.titf.i801 0 

574 1 6S9 0 603 S tIB Jl» I W* ft 
iwswif 619 0 63+ 1 640 2 49+ 3 
8^0 4 618 0 63+ 3: 6+0 S,«5 I flM a 

418 2 614 I 646 0 685 8 Ml 6 607 5 
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Piston Displacement. 

Piston displacement means the actual number «f 
cubic inches displaced by the movement of all tte 
pistons from one end of the stroke to the ether. 
Considerine just one piston it equals cross se eti—1 
area of cylinder in square inches multiplied by the 
length of the stroke m inches, and in a fonr-eyhs- 
der engine, for instance, the total displacemen 
would be four times this amount. 

How to find piston displacement—the fomtb 
would be designated thus: D* x .7854 x S x V r 
piston displacement. D? means diameter or tore 
squared or multiplied by itself aa 5 x 5. This n- 
sult is then multiplied by the constant .7854 (tto 
area of a cylinder 1 inch in diameter), this resalt 
by (S) the stroke in inches and this result by (K) 
the number of cylinders. 

Example: What is the piston displacement ef 
four cylindera, four inch bore and inch strsktl 
Procedure—4 x 4 = 16 x .7854 = 12.566 x i% 
(or 5.5) = 69.115 x 4 = 276.5 cubic indies. 

Example: What is the piston displaceiaest ef 
four cylinders, 3V6 inch bore and 4% inch strskef 
Procedure—3H x 3V6 x .7854 x 4% x 4 = 14L» 
cubic inch piston displacement. 

For larger stroke and bore than given in tabk 
take the dimensions from the table that voald to 
one half of what you want and double it 

McCullough Formula for Finding tbs 
Speed of a Oar. 

Engine speed per minute x diameter in inches d 
rear wheel x .002975 -r- ratio. 

Ratio of drive, for example is 4 to 1 , mesai cs 
gine crank shaft turns four times to one of ntf 
axle. Therefore the figure to be used to dime fey. 
would be four. The same holds good in all speeds 
no matter if in first, second, third or fourth speed 

Example; 1000 (rev. of engine) x 80 (di. in «• 
of wheel) x .002975 divided by 4 (4 to 1 r»t*e) 
equals 22.31 plus, miles per hour. 


fMlAJIT NO, 226—Piston Displacements (from Automobile Trade Journal). HOW to Find 8piti • 
K> Car. *For 8 cyl. engines multiply given displacement by 2 . ••For 12 cyL engines multiply by 2. 
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Grades. 


rite gfe*3@xal assumption is that a grade of 100 per 
it. would be vertical or 90 degree angle as per 
ft I>, which is incorrect. 

h. grade is expressed in terms of percentage and 

aus so many feet rise or fall in a given distance 
ssured in a horizontal direction. This given dis- 
ice may, for convenience, be 100, 500, 1000 
t, etc. 

A rise of 100 feet in the same distance meas- 
ftd Horizontally is a 100 per cent, grade; how- 
er, the included angle is 45 degrees and not 90°. 
g- 8 shows the grade percentage, which is based 
a Horizontal distance (line*B) of 100 feet. 
Assume that line B is a straight line 100 feet 
afP and perfectly level, therefore from A to B 
ere would be no grade. If from A to B there 
as a rise of 1 foot in every 20 feet, when we 
ached line B, we would be 5 feet higher than at 



A, therefore this would be a 5 per cent, grade. It 
is not necessary however to travel the full distance, 
just so long as there is a rise of 1 foot to every 
20 feet, it is a 5 per cent, grade at' any point. 

If the grade or steepness increased to 1 foot rise 
in 10 feet, then it would be a 10 per cent grade 
and we would be 10 feet higher at line B than 
at A; 1 in 6 % is a 1 foot rise in 6 % feet, and a 
15 per cent grade, and so on up to 100 per cent 
grade, which would be a rise of 1 foot in 1 foot, 
as from A to 0 would represent the distance from 
A to B, or 100 feet, but in reality it is a greater 
distance, as we would not only travel the distance 
from A to B but we must also travel included angle 
of 45 degrees. 

To ascertain the percentage of a grade without the 
use of any special Instruments: secure a spirit level 
and a ten-foot stick. Rest one end of stick on the 
road surface and find its level position with spirit 
level, by placing this on the stick and raising or 
lowering the stick until bubble is in center. 

Then measure the perpendicular distance between 
end of stick and road surface and multiply by 10, 
which will give the rise in feet in proportion to 
one hundred feet. 

For example, the perpendicular distance meas¬ 
ured 18 inches; this multiplied by 10 gives 180 
inches, and reduced to feet gives 15 feet as the 
rise in one hundred feet or 15 per cent grade. 

The average of such measurements taken on 
grades will give fairly accurate results. 


Per Cent 




Angle 

100 

1' 

in 

1' 

45° 

50 

1' 

in 

2' 

26° 34 

25 

1' 

in 

4' 

14° 2 

20 

1' 

in 

5' 

11° 19 

15 

1' 

in 

6%' 

8° 37 

10 

1' 

in 

10' 

5° 43 

5 

1' 

in 

20' 

2° 52 


The affix to figures in center column, as 1', means 
1 foot; whereas in right hand column, as 34', it 
means 34 minutes—see pages 93 and 541 for mean¬ 
ing of degrees and minutes. 

A 66% per cent graders as steep as a car could 
possibly climb, as gravity overcomes traction at 
this angle. 

Miscellaneous Tables. 



See chart 227 for Centigrade to Fahrenheit. 


To convert metres to yards, multiply by 70 and 
divide by 64. 

To convert kilometres to miles, multiply by 5 and 
divide by 8 (approx.) 

To convert litres to pints, multiply by 88 and di¬ 
vide by 50. 

To convert grams to ounces, multiply by 567 and 
divide by 20. 

To convert inches to centimetres, multiply by 2.54. 
To convert cubic inches to cubic centimetres, mul¬ 
tiply by 6.39. 

To convert cubic metres to cubic feet, multiply 
by 35.32. 

To convert gallons of water to lbs., multiply by 10. 
To find the cubical contents of an engine cylin¬ 
der, square the diameter (or bore) multiply by 
.7854 and multiply the result by 
the stroke. 


TABLE OF CYLINDER BORIS AND 6TROXS8 IN MILLIMETRES AND INCHES. 


The following figures are approximate, and intended only as a rough 
guide for comnaruon. For accurate measurements a sliding calliper 
with inches and metric scales should be used: 


A Cylinder 


Equals 
in Inches 

A Cylinder 

Equate 
in Incbce 

06 by 70 

millimetres 


8Ahy 9* 

84 by 90 

millimetres 

... 8A 

by 8A 

<37 „ TO 



31 

•» 8| 

30 m 90 


- BS 

.. 8ft 

07 * 73 

„ 


31 

.. 3| 

90 ,,110 


8*, 

f. 4A 

•7 „ 77 

„ 


n 

.* 8 

96 ,,H6 

•• 

.. SJ 

4fc 

70 „ 70 

„ 



» 3! 

100 ., 115 


• 311 

.. *& 

70 „ 78 

ett 


Si 

» 81 

105 ,,118 

„ 

... 4ft 

.. 4ft 

70 ,, 77 

M 


9 

„ 8 

108 „ 190 

n 

... 4ft 

». 4) 

71 „ 77 

ff 


3« 

» 8 

110 ,,198 

t. 

... 4ft 

„ 4|g 

78 h 13 



n 

r, 31 

111 „1» 

ft 

4.’. 

M «A 

73 „ 80 

|# 


31 

» 81 

114 ,.180 

„ 

... «ft 

.. 6ji 

77 ,, 77 

M 


8 

H 8 

116 ,, 184 

,, 

- 4A 

8A 

77 „ 80 

H 


8 

8ft 

118 „ 188 

•• 

... 41 

« 

77 „ » 
70 „ 78 

at 

M 


8 

9\ 


190 ,,140 
198 ,,148 

if 

4« 

M 6ft 

" 3 

80 „ W 



»i 

„ 8ft 

134 ,,146 

„ 

— • 


60 „ 86 



01 

.. 8| 

196 ,.148 

*• 

... 4}§ 

.. Oil 

83 .. 88 

f# 


81 

» 8* 

198 „160 

„ 

... 6A 

M 811 

80 „ 86 

|f 


8* 

.. 8ft 

U0 „ 168 


- 9 

.. o 

80 „ 88 

M 


8< 

» 8ft 

140 m 160 

•• 

- H 

.. 6ft 


Atmospheric pressure equals 14.7 
lbs. per square inch at sea level. 

To find circumference of a circle 
multiply diameter by 3.1416. 

To find diameter of a circle multi¬ 
ply circumference by .31831. 

To find area of a circle multiply 
square of diameter by .7854. 

To find area of a triangle multiply 
base by % perpendicular height. 

To find surface of a ball multiply 
square of diameter by 3.1416. 

To find solidity of a sphere, multi¬ 
ply cube of diameter by .5236. 

To find cubic inches in a ball multi¬ 
ply cube of diameter by .5236. 
Doubling the diameter of a pipe in¬ 
creases its capacity four times. 

A cubic foot of water contains 7% 
gallons, 1.728 cubic ins., and weighs 
62 % pounds. 


JHABT NO. 226-A—How to Find Grade. Miscellaneous Tables. Melting Point of Metals. (See 
ihart 236-A for Metric size Tires into inches.) 

In pan 585 and index for freezing point, boiling point and specific gravity of water, alcohol, gasoline and kero- 
wne, also freezing and boiling point of mercury. 

























DYKE'S INSTRUCTION NUMBER FORTY. 


*Tim# par Mila Expressed in Milas par Hour 


Kilometers and Milas par Hot. 


TUm ter Tine tor 

om mite Mites one mite Mites 

Kin. 8*c Per hour Mia. See. Psrboor 


om alls Mites 

Mia. See. Per Sow 


♦There are 3600 
the speed in miles 
time in seconds it 1 


A Kilo 

netre in 

MUnennrNnnr 

AlObmMh 

f ■ —a 

Min. 

See. 


Min. 

Soc 


0 

99 

40.89 

1 

13 

MM 

0 

36 

39 A3 

1 

14 

3AB 

0 

97 

3903 

1 

19 

25* 

0 

39 

3SAS 

1 

16 

XkM 

0 

99 

37.89 

1 

17 


1 

0 

37.26 

1 

19 

am 

1 

1 

36.89 

1 

19 

mm | 

1 

2 

36. 6 

1 

» 

3“ 

1 

3 

39.49 

l 

*1 

J3L0 

1 

4 

34 A3 

1 

22 

2S M 

1 

3 

34.40 

t 

23 

Jfc* 

1 

6 

33 88 

1 

24 1 

aa 

1 

1 

7 

8 

33.3t 

32.89 

t 

1 

29 

» 

OM 

26M 

1 

8 

32.41 

1 

27 

» 

1 

10 

31.94 

1 

ZB 

a*- 

1 

11 

31.49 

1 

29 1 


1 

12 

31j09 

1 

30 

J4A* 


seconds in an hour and 
per honi>—divide 8600 
akes to make 1 mile. 


Miles and Kilometres 


Kilo. 

Milos. 

' Kilo. 

Miles. 

Kilo. 

Milos. 

20 

12) 

38 

23| 

56 

341 

21 

13 

39 

244 

57 

351 

22 

131 


40 

24} 

58 

36 

23 

l4 \ 


41 

25} 

59 

34* 

24 

14] 


43 

26} 

60 

37} 

29 

151 


43 

26} 

70 

43} 

26 

16j 


44 

37| 

80 

49} 

27 

1W 


45 

28 

90 

592 

28 

111 


46 

284 

100 

02 i 

29 

18' 

47 

3! 

200 

1241 

30 

18 


48 

53 

300 

180} 

31 

19 


49 

30} 

400 

2481 

32 

19 


50 

3U 

500 

310} 

33 

20 


61 

31} 

600 

372} 

34 

21 


52 

32} v 

700 

435 

35 

21 


53 

32} 

800 

497} 

36 

22 


64 


900 

559} 

37 

» 

55 

34} 

1000 

621} 


A KUemMro in 

MUne ht Hwr. 

A Kilofud 

Sm. 


Soc- 

16 

139,79 

37 

18 

124.26 

38 

20 

111A3 

39 

21 

106.90 

40 

22 

101 A6 

41 

23 

97-24 

42 

24 

93.19 

43 

29 

89194 

44 

26 

86.02 

49 

27 

82 83 

46 

28 

78.88 

47 

39 

7 4 A3 

48 

31 

72.13 

49 


69.87 

90 

„ $ 

67.78 

91 

36 

69.76 

92 

35 

63A8 

93 

36 

62.11 

84 


Centigrade 

Ur111*3.! * 


83.4 M ; 1 

84.2 00 | 1 


Fahrenheit 


1 Rt- Htej te 

I *53 m w 

, jssj 180 ass 


100 4 , 74 1 

1118 ; 73 | 1 


American Dirt Track Records 1 & 6 Milas. 

1 m. 45 sec. Oldfield, Miller, St. Louis, Aug. 11, ’17 
5 m. 3:53.6 Oldfield, Miller, St. Louis, Aug. 11, ’17 


Highest Speed Ever Traveled. 

De Palma, Packard, averaged 150 m. p. h. 


Millimeters to Inches 
(decimal). 

Mm. Inches 14. .55118 

2- .07874 

15- .59055 

3- .11811 

16- .62992 

4- .15748 

17- .66929 

5- .19685 

18- .7.J866 

6- .23622 

19- .74803 

7- .27559 

20- .78740 

8- .31496 

21- .82677 

9- .35433 

22- .86614 

10- .39370 

23- .90551 

11- .43307 

24- .94488 

12- .47244 

25- .98425 

13= .51181 

2G-1.02362 


Wheel and engine speeds: This table gives the nnmber of revoWi^J 
a tire of given size, makes in going a mile. I 


TIRE 

SIZE 

WHEEL 

R.P.M. 

3 to 1 

-ENQI 

m to 1 

30 

672.2 

1916.6 

2242.7 

32 

631.7 

1895.1 

2210.9 

33 

611.1 

1833.3 

2138A 

34 

593.2 

1779.6 

20762 

35 

576-2 

1728.6 

2016.7 

36 

5402 

1680.6 

1960.7 

40 

5042 

1512.6 

1764.6 


Fig- 9. Table: gives the 
piston travel In feet per 
minute of engines with dif¬ 
ferent strokes with various 
crank-shaft speeds. Exam¬ 
ple: How many feet would 
a piston travel in an engine 
with a 3 inch stroke when 
crank-shaft was turning 200 
rev. per min. (r.p.m.) t Am 


a n a a 

217 233 2S© »7 2» 

32S 150 375 400 42S 

4)4 466 $00 $34 $M 

542 504 62$ 676 «U$ 

650 700 750 «M K0 


1004 1168 1250 1)52 1416 IM 


Str*k« in UcfcM 

4 4K 4H 4# 5 5S *I » i 

II) Ml 198 IS8 W6 l» » 25 

267 283 317 US M J Jj 

408 425 4S8 42S » » » g g 

534 566 600 634 646 Mi •» 2 S 

676 JOJ 750 Ttt «M H «»5 

806 SS© 400 490 1006 MSi I Ml ® 2 

434 442 1100 1100 114$ US I* £ 2 

1068 1132 12*0 120 11)2 I* I4J JJ I 

1200 1275 1350 1425 1580 ISn S* 2 Z 


ISM 140 1796 « <*’ 


uruu6-Buun was luruiug tuu . . ^» 

rev. per min. (r.p.m.) ? Ans.: The piston goes down 3 inches and up 3 
one rev. of crank-shaft, therefore 3 inches down and 3 inches up would b« 6 ! 

of travel of piston to one rev. of crank-shaft. To 200 rev, of crankshaft, 
would travel 200X6 = 1200 inches. If there are 12 inches to a foot, then***^ 
have 1200-7-12 = 100 feet of piston travel per min. to 200 rev. of crank-*h»»- 

Sx2xR ~ 

This formula would be: P =-■* P T is piston travel per min. whkb. 

12 

the stroke 8, x 2 . xR (the rev, per min, crank shaft) divided by 12 , 

50 60 70 80 90 100 HO 120 dO 


Nil luiliiu hi 


■ .1 -'.li 1 : 11!I .ml .:11 nil . 1 11 uu. nil mu.llil '.i. 


r. E ?| J r r, f H11,111JI, M , - f I >! >! lU.MilfhU J.I.l.MTMi li»> 11 S 1 ■ » ■_ 

CHART NO. 227—Miscellaneous Tables. The scale rule at bottom of this page is exact size aa4 * 
parative difference between millimeters and inches. 
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Degrees, Thousandths of an Inch, Millimeters, Etc. 


Degrees. 

A degree is s unit employed in measuring 
igles s rnd is the ninetieth part of a right angle or 
19 three-hundred and sixtieth part of a circle. 
The degree explanation is given on page 93. 
ee also pages 115 and 314, “converting degrees 
ito inches. 

The thousandth part of an Inch is referred to 
nite often in this book, therefore a simple method 
r finding the measurement is given below. Also 
se foot note. 

Hundredths of an inch to sixty*fourths of an 


The metric system 
—called the French 
standard, is used 
quite extensively 
abroad and is also 
referred to quite 
often in this book. 
Therefore a conver¬ 
sion of those figures 
most generally used 
is given, see charts 
226A. 227, 230A. 

1*1"A protractor is used for dividing circles into 
any number of equal parts or degrees and deter¬ 
mining angles. 

For instance, to find the number of degrees in 
a circle with a protractor; say a fly wheel of an 
engine. Place protractor as shown. From the 
center line (A) to (B) is 10°; from (A) to the 
extreme right, lower part of protractor—if a line 
was drawn—you would have a right angle or 90°. 
The number of degrees from extreme left to ex¬ 
treme right of protractor would be 180°, or half 
a circle. The entire circle would be 360°. In 
other words the circle is divided into 360 equal 
parts called degrees and designated with a 
am all * 1 2 * 4 5 6 7 8 9 10 o.*’ 

We can divide each degTee into 00 parts called 
*‘minutes,** and each minute can be divided into 
60 parts called “seconds.*’ One minute would be 
designated thus (1*) and one second thus (1"). 

Signs or Symbols of Inches, Feet, Minutes 
and Seconds. 

The sign for inches or seconds is (") as 6**. 

The sign for feet or minutes is (') as 6/. 


etch is given on page 115. 



^Thousandths Part of an Inch. 

.001 (one thousandth) = % thickness of this 
sheet of paper or about the thickness of fine 
tissue paper. 

.008 (three thousandths) == thickness of this 
page you are reading.! 

.000 (six thousandths) = thickness of two sheets 
of this paper. 

.015 (fifteen thousandths) = thickness of five 
sheets of this paper. 

.020 (twenty thousandths) = thickness of seven 
sheets of this paper. 

.025 (twenty-five thousandths) = thickness of 
eight and one-third sheets. 

.030 (thirty thousandths) = thickness of ten 
sheets. 


Decimal Equivalent of Fractional 
Parts of an Inch. 

In using this table it is not necessary to oarry 
out all of the fraction. As a rule, three fig¬ 
ures to right of decimal point is close enough 
for all practical purposes—which would be, of 
course, read in thousandths, as .015 (fifteen 
thousandths). 


8du 
to - .185 
to » .850 
to - .875 
.600 
* = .625 
to = .750 
to - .875 

16ch« 

ta ■* .0625 
*• - .1875 
%• - .8125 
to« * .4875 
to. = .5625 
‘to. - .8875 
»to. — .8125 
W. - .0875 

32ds 

fet - .08125 
tot * .09875 


tot = .15625 
tot = .21875 
tot = .28185 
‘to* = .34875 
‘tot = .40625 
‘tot = .46675 
‘to* = .58125 
‘tot = .50375 
•tot = .65626 
*to» = .71875 
•tot » .78125 
•tot = .84875 
•tot = .90625 
•tot = .08875 

64ths 

to. « .016625 
to.= .046875 
to. = .078125 
to.= .100875 
to. = .140625 
‘to. = .171875 
‘to*= .203125 
•to. « .284875 


‘tot = .265685 
‘tot = .206875 
•Vto = .828125 
•tot = .850875 
■tot = .800625 
•to* = .421875 
•to. = .458125 
•tot = .484875 
•%♦ = .615625 
•tol = .546875 
•to* = .578125 
•%. = .600875 
«to« = .640625 
•to. = .671875 
•to. = .708126 
•tot = .784875 
•to. = .765625 
•to* = .796876 
•to. « .828125 
•to. = .859875 
•to. = .800625 
•to. = .021875 
•to. = .968125 
•tot = .084875 


.015 is Mh" ; .025 is approximately %o"- 


Millimeters 

m—is the designation of meter; cm—-centi¬ 
meter ; m m or m/m—milli-meter. 

1 millimetre is approximately inch and is 

exactly .03937 inch. 

1 centimetre is approximately *%2 inch and is 
exactly .3987 inch. 

1 metre is approximately 39% inches and is ex¬ 
actly 89.37 inches, or 1.0986 yards. 

\ kilometre is approximately % mile and is ex¬ 
actly .6218 mile. 


to Inches. • 

1 kilogramme is approximately 2% lbs. and is 
exactly 2.21 lbs. 

1 litre is approximately 1% pints and is exactly 
1.70 pints. 

10 mm. = N 1 Centimeter = 0.8937 inches. 

10 cm. = 1 Decimeter = 3.987 inches. 

10 dm. = 1 Meter = 89.87 inches. 

25.4 mm. = 1 English inch. 


**MiUlxneter8 to Fractions of an Inch. 


1 mm. is approx. %4 inch 

2 mm. is approx. %4 inch 

8 mm. is approx. inch 

4 mm. is approx. Jfts inch 

5 mm. is approx.inch 

6 mm. is approx. or % inch 

7 mm. is approx.inch 

8 mm. is approx.2%4 or 1962 or %e inch 

9 mm. is approx.inch 

10 mm. is approx.inch 

12 mm. is approx.inch 

15 mm. is approx.i%2 inch 


16 mm. is approx. % inch 

18 mm. is approx.2%2 inch 

20 mm. is approx. 2%2 inch 

22 mm. is approx. ®%4 inch 

24 mm. is approx.inch 

25 mm. is approx.inch 


Tenths of Millimeters. 

.2 (%oths) of a mm. is approx. .008 inch 

>3 (%oths) of a mm. is approx. .012 inch 

•4 (iloths) of a mm. is approx. .016 inch 

•3 (4ioths) of a mm. is approx. .019 inch 


*See page 698 for micrometers and page 699 for thickness gauge for measuring thousandths of 
an inch. tThe exact thickness of this page is .0028 (twenty-eight ten thousandths of an inch). 

**See page 539 (cylinders) and 540 (miles) and 554 (tires) for metric conversions. 
ttBy referring to page 707, measurement of angle of a drill is shown. 
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DYKE’S INSTRUCTION NUMBEB FORTY. 


Note: Frequent reference to the index, for Valve Timing, Ignition Timing, etc., of different cars is 
Also see “Specifications of Leading Cars”—charts 229 to 232. This chart was prepared in 1916, and ha 
been revised. 


MAKE 

OF 

CAR 

MOD 

a 

NO OF 

CYIS 

Bore 

and 

Stroke 

Make 

r° f 

Engine 

GEAR 5HirT 
MOVEMENTS 

IGNITION 

TIMING 

VALVE 

TIMING 

VALVE 

CLEARANCE 

£»J- 

wa 

TO Sf 
«kP*Ri 
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OAP 

-ad 

l£T 

SPCCO 


3S? 
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REV 
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ST 

Adv¬ 
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EC 
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EO 
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37 

4 
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LR 

RF 

RR 

LF 
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24 
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UR 
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3© 

6 
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Gear shift movements are abbreviated as follows: LB—left rear: BF —right forward: 
right rear; LF—left forward. Most of the gear shifts are now as per fig. 1, page 490. 

Ignition timing—assuming piston is placed on top, the position of piston is designated as after tfi 
before top—note column. TB—means top retarded: B and BET—retarded (see ignition tiniof)- 

Valve timing—EO—exhaust closes; 10—inlet opens; BO—exhaust opens; 10—inlet cloaca W* 
this is expressed mostly in degrees. TO—m*ans top center. Fly wheel marks usually guide ea*-"* 1 
valve timing. 

Valve clearance is expressed in thousandths of an inch space also spark plug gap and breaker I** 
gap on the ignition system, see page* 541 and charts 288 and 288A for thousandths of an inch. 

CHART NO. 228—Standard Adjustments of 1917 Leading Cars. For Spark Plug Sixes —m 
239 and 612. For Lamp Sizes and Candle Power— see page 434. 

k *Not correct, see page 497. **Now as fig. 1. page 490. tSee page 500. ttSee page 498. 
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CHART NO. 22&—Specifications of Leading 1918 Carar-Hst'O page 546 for abbreviations* 

femttlOflft »Tr made on 544 and 545 In Jan 1910, See tndrx for 1919 flppidfi< adnn* 
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(Kotor World.) See index for 1919 Specifications and change of prices. 





































































































































































































































































































PARTS OF CARS NO LONGER MANUFACTURED 


547 


Orphan Cars. 

Parts for Cars No Longer Manufactured—Where to Obtain the Parts. 


merlcan. 


imtrkan More. 


fConsolidated Car Co., Detroit 
(Puritan Machine Co., Detroit 

.1 Jos. C. Oorcy & Co.. New York 

tAbbott*Detroit Parts Corp., New York 

. Puritan Mach. Co., Detroit 

. i Auto Parts Co., Chicago 

. X Puritan Machine Co., Detroit 

International Motor Co., New York 
Puritan Mach. Co., Detroit 
. Jos. C. Corey & Co., New York 
American Locomotive Co., Providence. R. I. 
Alco Service Co.. Philadelphia 
[Rand & Chandler, Los Angeles, Cal. 

Iden - Sampson.Standard Motor Parts Co u New Castle, Ind 

lien-Kingston.New Departure Co.. Bristol. Conn. 

Inters.Puritan Machine Co., Detroit 

tpena.Puritan Machine Co., Detroit 

Levens Motor Co., Philadelphia. Pa 
American Motor Parts Co.. Indianapolis 
, V. A. Longaker Co., Indianapolis 
Jos. C. Corey & Co., New York 
Puritan Mach. Co , Detroit 
.Burt Motor Car Co.. Los Angeles. Cal. 

.St. Louis Car Co.. St. Louis 

erican Truck.Auto Parts Co., Chicago 

kmplex.Gillette Motors Co.. Mishawaka, Ind. 

tnchor.Anchor Buggy Co., Cincinnati 

tit Hut.. i Puritan Machine Co., Detroit 

. \ Auto Parts Co.. Chicago 

krtlalay.Ardsley Motor Car Co., Yonkers. N. Y. 

.Puritan Mach. Co., Detroit 

Atlantic.Puritan Machine Co., Detroit 

[ Auto Parts & Repair Co., Springfield, Mass. 

Mlaa.1 Puritan Machine Co., Detroit 

l Jos. C. Gorey, New York City 

Autocar.Autocar Co., Ardmore. Pa. 

■■>^.^ 1 . I Babcock Mfn. Supply Co.. Watertown, N Y 

. t Puritan Machine Co . Detroit 

Badger.I Bchultl & Harder, Columbus, Wia 

(Puritan Machine Co.. Detroit 

Barnes. . J Auto Parts Mfg. Co., Detroit 

t puritan Machine Co., Detroit 

fltenham. . . .Puritan Mach. Co., Detroit 

' (Louis J. Berg doll Co, PhUadelphU 

t i r f dell. . ■ .•. 4 Levehc Motor Co.. Philadelphia 

! [ Jos. C- Gorey, New York City 
S. B. Belcher, Cambridge, Mass 
Berkshire Motor Co., Pittsfield. Msi*^ 
Pur .inn Ma-hlne Co., Detroit 

Mriist.American Locomotive Co.. Providence, R 1 

Bessemer... ,Robt, M, Cutting Co., Chicago 

Black Crew.5 Black Mfg Co , Chicago 

( Crow Motor Car Co , Elkhart, Ind 
■Ixnatram } Auto Parts Co , Detroit 

Biemearom.{ Puritan Machine Co., Detroit 

Berland. . . Puritan Machine Co.; Detroit 

Briggs-Detroiter. .Puritan Machine Co.. Detroit 

Brtntell..Puritan Machine Co.. Detroit 

Brownlkar.Hinsdale Electrical 8. Co.. Hinsdale, III 

Breo Electric..Puritan Machine Co., Detroit 

Bredeseer.Puritan Machine Co.. Detroit 

f Standard Motor Ports Co.. Newcastle, Ind. 

Brush. < Puritan Machine Co.. Detroit 

l Davidson Repalrshop, 227 West «4th St.. New York. N. Y 

Buffalo Electric.Puritan Machine Co.. Detroit 

C 

California.(California Auto Co.. Los Angeles, Cal 

. ( Purllan Machine Co f Detroit 

Cameron.Cameron Mfg. Co., New Haven, Conn. 

/ Auto Parts Co.. Chicago 

Carhartt./ Jos. C. Gorey & Co.. New York 

. _ „ [Puritan Machine Co.. Detroit 

/ Carnation Motor Car Co., Detroit 

Carnation i Auto P » rt * Co., Chicago 
Carnation.. Puritan Machine Co>§ uttroU 

IK. C. Auto Parts Co.. 1S27 McGee 8t.. Kansas City. Mo 

CarUrear.Puritan Machine Co., Detroit 

Carthage.Puritan Mach. Co , Detroit 

C«vac.. .Puritan Machine Co., Detroit 

Century..Puritan Mch. Co.. 422 Lafayette Blvd., Detroit 

Chadwick.Chadwick Eng. Works. Poitsiown, Pa. 

Chief. j Auto Parts Mfg. Co.. Detroit 

t Chief Motor Co.. Detroit 

Cme.Haberer & Co.. Cincinnati 

Clnco. Puritan Mach Co , Detrali 

I Clark Motor Car Co . ShelbyvilTe, Ind. 

I Meteor Motor Car Co. Plqua, Ohio 

Clark.. i Clark Auto Co, Atlanta, Ga. 

Puritan Machine Co., Detroit 

{ I American Motors Pans Co Indianapolis 

Cutting Motor Car Co . Jackson, Mich. 

L. C. Erbee. Waterloo, Iowa 
Puritan Machine Co,. Detroit 

Eobt. M. Cutting Co., 9, Wabash Av e , Chicago 

Clove land.. , l g^torj t~jtotor_Car Cleveland. OKU 

- ■ _ . 1 Garford Motor Truck Co, Lima, Ohio 

Coates-Goshen.J Conies-Goshen Auto Co., Goshen, N Y 

f MUler Car Co.. Goshen, N. Y, 

OMby..A. o Smith. Milwaukee, wi* 

Cothurn Automobile Co., Denver. Col 

' iWOurn .*. \ *rtdt«m & Staln.iker, Denver, Col 

[ Puritan Mach Co.. Detroit 

Colley.. . Puritan Machine Co.. Detroit 

Columbia. 1 Coh.mMa^yjtn Repair Co . Hartford, Conn 

1 Standard Motor Paris Co . Newcastle, Tnd 


Columbus Eioctrlc.New Columbus Buggy Co , Columbus, Ohio 

Connorsvlllo.......,.Puritan Machine Co., Detroit 

Continental..Puritan Mach. Co.. Detroit 

Corbin., .Corbin Motor Vehicle Co . New Britain, Conn. 

Corbitt.♦ Puritan Machine Co.. Detroit 

Correia.♦..J. C, Gorey A. Co, New York 

J Standard Motor Parle Co . Newcastle, Ind. 

cou * . t Puritan Machine Co,. Detroit 

Courier.Clermont.. .Standard Motor Parts Co.. Newcastle, Ind, 

r-r.i#* Tai»da 1 A - W. Colter, Toledo 

Cralfl-Tolodo..* j Puritan Machine Co . Detroit 

rr«ii>*nt ( Northway Auto Parts & Sales Co-, Cincinnati 

vrescenx.| Puritan Machine Co,. Detroit 

Cricket..Puritan Machine Co.. Detroit 

- Rln< li Mfg CO . Chicago 

Crow . I Crow M L\ Co.. Elkhart, Ind 

[ Puritan Mach. Co.. Detroit 

Croxton. . . | Auto Parts Cn . Chicago 

l Puritan Machine Co , Detroit 

Croxton.Keeton.K. C. Auto Parti Co,. 1*27 McGeo St . 

Kansas City, Mo. 
Puritan Machine Ca, Detroit 

Cutting...,. { Harris Bros. Co.. Chicago 

[a. C. Erbes, St. Paul, Minn. 

D 

Oart.Puritan Machine Co., Detroit 

Dayton.Puritan Machine Co., Detroit 

Deal.Auto Parts Co.. Chicago 

Dearborne-Detroit.Hawn Motor Car Co 

Do Luxe.Puritan Machine Co., Detroit 

Do Mot.Puritan Machine Co.. Detroit 

f American Motora Parts Co.. Indianapolis 

Da Tamble.{ Puritan Machine Co., Detroit 

I De Tamble Motors Co., Anderson. Ind. 

Dragon.Philadelphia Mch. wks., Philadelphia 

Duer.Chicago Coach A Carriage Co.. Chicago 

Durocar.Puritan Machine Co., Detroit 

E . 
e>riina* 1 Krueger Motor Car Co , Milwaukee 

ec,,pM . t Frank Tocpferts Sons, Milwaukee 

( Edwards Motor Car Co., Long If Land City, N. T. 

sawirai .| Puritan Machine Co . Detroit 

Electric Vehicle.Maxwell Dnuco# Motor Co , L L City, N. T, 

Elk.....Puritan Machine Co , Detroit 

Auto Parti Co,, Chicago 
Jos, C, Gorey & Co., New York 
Puritan Machine Co., Detroit 
Standard Motor Parts Co , New Castle. Ind 

Evertt.. Hok-CLiamJltr, Long Lelnnd City. N, 1. 

\ Maxwell Motor Sales. Newcastle, Ind. 

Everitt..{ Joe. C Curvy & Co., New York 

[ Puritan Machine Co., Detroit 
I Jos C, Gorey, New York 

Ewing. . s Puritan Mach. Co,, Detroit 

[L. E. Ewing, Leader Bldg . Cleveland, O. 

F 

f Puritan Machine Co., Detroit 
f. A. L.. {Auto Parts Co.. Chicago 

i K. C. Motor Parts Co., 1S27 McGee St., Kansas City. Mo. 
Findley....L. E. Ewing, Cleveland 

Firastone Columbus I Ptirltan ICachine Co. , Eietrolt 
r iresxone wiumoui | New Columbus Buggy Co., Columbus. Ohio 

i Puritan Machine Co., Detroit 

Flanders.) Studebaker Corj>., Detroit 

Fuller.Jackson Automobile Co., Jackson. Mich. 

G 

Gaeth..Gaeth Motor Car Co . Cleveland 

. . ( Elyria Belting & Machinery Co., Elyria. Ohio 

Garford. ] Garford Moror Truck Co., Lima, ofilo 

[Puritan Much. Co, Deiroii 

G. j. G.....Puritan Machine Co., Detroit 

Glide.Jo». C, Gorey 4 Co .New York 

A»h.u,.i,u ] Puritan Machine Co , Detroit 

Grabowsky.. | Jm c Gorey, New York City 

n.. MM ( Garford Motor Truck Ca. Lima, Ohio 

Qramm . ) Puritan Machine Co, Detroit 

Gleason.Bauer Mch. Wka Co.. Kansas City, Mo 

r.».t Smith J Uaij-.T M b Wks Co. Kansas City, Mo. 

oreat smitn. ( Smith Automobile Co , Topeka, Kan. 

Great Western.Great Western Auto Co . Peru, Ind 

ft M „» 1 A. F. KlrVpairl^t, Orange, Man 

UPQUX . i Puritan Mach. Co , Detroit 

H 


Elmore. 


Hatladay. 


Henry. 


f A. O J 
. A.O S 


Barley, Streator, Hi. 

Smith Co . Milwaukee 
, . Burt Motor Car Co , Lae Angel#* 
u.^ w..#t ( Quincy Engine Co.. Chambers burg, 

Hart-Kraft.[ pHjtriu & MorcanUialL. Gretmeasile. Pa. 

J Puritan Machine Co, Detroit 

Hav#r *.. t Joe, C. Gorey, New fork 

[ Henderson Motor Car Co , De troll 

Henderson. i Auto Parts Co , Chltago 

[Puritan Machine Co, Detroit 
f A O Smith Co., Mliwaukea 
J Jos. C. Gorey. tiew York 

i Puritan Machine Co . Detroit 
Muskegon Auto Co, Muskegon. M.rh 
m#rtcan Motor Parts Co., Indianapoila 
J Puritan Machine Co., Detroit 

HerresnoTT.^ Lev«ne Motor Co , Philadelphia 

l Jos C Gorey. New York 

Hewitt .International Motor Co, New Turk 

Holeman ...Mercury Mfg. Cc., Chicago 

Houpt.New Departure Mfg Co , Bristol. Conn. 

—from Motor W orld. 


Additions. 

Argo Electric. Briggg-Detroiter, Elco, Little Four, Yale Eight, Partin-Palraer. Parts for sale by Puritan Machine 
Oo., Detroit, Mich. 
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i 

Imperial.Imperial Automobile Co.. Detroit 

Indiana.Puritan Machine Co., Detroit 

J 

Jenkins..Puritan Machine Co., Detroit, 

Jbwell.Croxton Motor Car Co., Washington, Pa. 

Jahnaon.Johnson Service Co. Milwaukee 

K 

f Keeton Motor Car Co, Detroit 

Kaaton. i Puritan Machine Co., Detroit 

l Car-Nation Motor Car Co., Detroit 

Kelly-Sprlngfield. .Puritan Machine Co., Detroit 

KaImv i Auto Parte A Repair Co,, Boston 

7 . t Kami Motor Co,, Hartford, Conn. 

Klina...Puritan Hacittna Ok, Detroit 

Knox.Ako strvice Co,. Philadelphia. Pn. 

Kamat iiJI i ,r' r C.i > Co lllkhnrl, ind 

° *.IKnih Lit others, Elkhart, ItitL 

Krall.Puritan Machine Co , Detroit 

j Puritan Machine Co.* Detroit 

Krlt. ... 1 Krll Motor Car Co- Detroit 

i Auto Parts t’o. Chicago 
I Motor Corp., Philadelphia, Fa 

L 

Lansden..Lansden Co.. Inc., Brooklyn, N. Y 

Lewie.American Motor Parts Co.. Indianapolis 

Lexon .Puritan Mach. Co.. Detroit 

Liberty.Belmont .Auto Mfg. Co., New Haven, Conn 

American Motors Parts Co., Indianapolis 
Auto Parts Co., Chicago 

Lion.• Puritan Machine Co., Detroit 

K. C. Auto Parts Co.. 1827 McGee 8L, Kansas City, Mo. 
Lion Motor Parts Co.. Philadelphia, Pa. _ 

Little six .Puritan Machine Co- Detroit 

litos oi*.. i Qarford Motor Truck Co.. Lima, Ohio 

Logan.f Gramifi Motor Truck Co.. Lima, Ohio 

{ Puritan Mach. Co.. Detroit 
Jos. C. Gorey A Co.. New York 
Phlla. Mach. Works. Philadelphia. Pa 

. pc .) American Motors Parts Co.. Indianapolis 

*"• . \ Auto Parts Co., Chicago 

McIntyre.vii—ID ■ * **£*-£<>;*• 


Marathon. 


Marlon. 


Michigan. 


Mlddleby. 


Midland.. 


Mlef. 


(Marathon Service Co., Nashville, Tenn 

. ( Puritan Machine Co., Detroit 

Puritan Mach. Co.. Detroit 
Auto Parta Co., Chicago 
Joa. C. Gorey A Co.. New York 
American Motors Parta Ca., Indianapolis 
Marlon Auto Service Co., New York City 
K. C. Auto Parte Co., 18*7 McGee 8t.. Kansas City. Mo 

Marron...Puritan Mach. Co., Detroit 

Marquette.Purttan Machine Co.. Detroit 

Marvel..V..Puritan Machine Co., Detroit 

__ \ Mason Motor Car Co . Detroit 

Maa0B .. I Puritan Mach. Co.. Detroit 

Mather. —Puritan Machine Co,, Detroit 

Matheeen..Matron Aulo Co, Wilkes-Barre, Pa 

.._., \ standard Motor Parts Ct> . Newcastle. Jpd 

maxweii...j puritan Machine Co , Detroit 

Maytaa.Meson I Msnon Molnr Car Cn . IVlr^n 

maytag-miion. [ Puritan Machine Cn.. Detroit 

Merchant.....Puriian Machine Co., Detroii 

Meteor........Meteor Motor Car Co., Plqua. Ohio 

Michigan Motor Car Co.. Detroit 
Puritan Machine Co,, Detroit 
Philadelphia, Mach. Whs.. Philadelphia 
Dauch \1fg- Co. Sandusky, Ohio 
Jos. C Gorey. ail W. 50th £t,, New York City 
K. c. Auto Farts Co., ]827 McGee St.. Kansas Cby, Mo 
f Puritan Machine Co,. Detroit 

_ A H. Gold he rg. H» B, 8th Ki_. Philadelphia ^ 

\ A, J, Lev c n good, I S3 1ST. A tli St.. Reading. Pfl 
Iievene Motor Co- Philadelphia 
Puritan Machine Co,, Detroit 
Auto Paris Co., Chicago 

K C- Auto Faria Co.. 1827 McGee St., Kansas City. Mo 
Midland Motor Co, 22rj<J Diamond St., Philadelphia, Pa. 

.Mlcr Carriage A Buggy Ca, Llgonier, End 

Miller __*._, _Durban Much. Co., Detroit 

Ullu.«ukM , 17- C. Erhes. Waterloo. IoW:i 

Milwaukee,- .... j Darrin Broc Co. c hit a no 

Monarch.,.. ., Puritan Mach, Co., Detroit 

l Joa C- Gorey, New York 

Mor *. ‘ " * J ’ | Philadelphia Mch, Wke., Philadelphia 

Moyer..... Furiian Machine Co., Detroit 

Nance .Joe. C. Gorey, New York 

Northern.Puritan Machine Co., Detroit 

North Weetern. . ..Puritan Machine Co., Detroit 

f Puritan Machine Co.. Detroit 

Nvbera. < Levene Motor Co., Philadelphia 

7 9 [v. A. Longaker, Indianapolis 

O 

( Northway Auto Puns A Sales Co.. Cincinnati 

Ohio.. A. O. Smith Co.. Milwaukee 

1 Puritan Machine Co. Detroit 

i- Oliver Motor truck Co.. Detroit 

0,,w * r . J l urban Machine Co.. Detroit 

l A. O. Smith Co.. Milwaukee 

° mana .t Purttan Machine Co.. Detroit 

Orient. . . .Meti Co Waltham. Mass. 

Orson....Drenco Machine Co., Broadway *r 50th Si Sew York City 

Otto.mobile.Holly Motor Co , Mt. Holly. N. J. 

Overholt. A O Smith Co., Milwaukee 

Owen.Puritan Machine Co., Detroit 

P 

Packere.Puritan Machine Co., Detroit 

Singer Motor Co.. Lond Island City, N. Y. 

Puritan Machine Co., Detroit 
Joe. C. Gorey A Co., New York 
A. O. Smith Co., Milwaukee 
Drenco Mach. Co.. Bwy. A 50th St.. New York City 
1 Motor Car Mfg. Co., Indianapolis 
Parry . I Pathfinder Co.. Indianapolis, Ind. 


Palmer.Singer.. 


Peabody. Punun Manilla 

, Puritan Mm r,.?.*- , 

Penn. , UuJa Co, PL*rv<T- Lk 

L Levene Motor G> , 

1 Puritan Mach Co., l>*troiE 

. j Yg? Si'« 

\ Dougherty, liil'N. Hth sl f * 

Peru . .Put :.±t! Mara 

Petrel........Filer A giowdi Co, 

Plerce-Rsclne l Puritan Machine Co, 1 

,araa Hacina. - \ Motor C*. - 3 

Pioneer.Pioneer Car Mfg, Co.* O kithns 

Pittsburgh...Chester Lntluttnng Co* 

( Hartford Motor Cur Co , 1 Ij ITT lord. 

i Waiki: a : 11art 

Pope-Hsrtford.< Puritan Machine Co. Detroit 

Boulevard Motor Ct C .a■ -r ,.M Hu 
(.J, Kosenfeld. 5*1 fith si__ swth.'Mi 

Pepe-Toledo....Auto Salvage Parts ta, 

Pope-Tribune.-., .Pope-Hartford Mfg. Cu * Hi refer 

Poaa... Puritan Msft Ow 

Pratt-Elkhart.Elkhart Carriage A Motor Or Co. Efts 

Punge-Finch.Punjis-Finch Auto A Gu Eapo? C<u 

Q 

Queen.*...Puritan Machine Os*, 

.I snap^sss ' 

p . iniAr 5 Puritan Machine Co, Dttf«g 

Ra,mar . i+ ” IGarford Motor Truck Co- Ml 

Rapid.***..**.Puritan Machine Co 

Ray he Id..... ***,Hoimea Gsmgt, *’■— " 

f R. C. H. Corp. Detroit 
J Joa C. Gorey. New Y'ork 
\ w. J. Burt Motor Car Co „ Loa 
i Pur linn Machine Co, Dt-troli 

Reading.. H Goldberg. iW 6. Rtfs St* 

Reed. .Puritan Mach. O, 

Reliable-Dayton...*.Puritan Machine Co* 

Reliance...Pur .tan Mack. Ob- 

Republic.- Republic] Motor Car Co.. Y< 

Ricketts.. ,**.aicketla Auto 

Lnriene Motor Ce., 

Rld.r.Lewl,. > 

\ Auto Parts Mfg Co 1 

Royal Tourist.. .Puritan Mach- Ca, 

S 

fitnmiM ) Standard Motor Parts CO * Xewtau 

P . f Puritan Machine Co., Detroit 

Sandusky. .Pauch Mfe. Co. Ssadsbl 

Schacht.1 rural Auto Repatn C», O 

t Puri inn Machine d* Mf 
1 Jos* c, Gdfrey * Co. Ne 

. f Puritan Machine Co.. 

a a v ( Drenco Marti Co , Broadway A tMh si.. New Y: 

.1 N. J. Machinery Co.. Newark* N. J. 

•Iblty..Biltiy Motor Car Co. 

Sommer.... * . Sommer Motor Cs* 

Southern J Southern Auto & Equipment Co- 

wnmni.| Puritan Machine Co , Detroit 

Spaulding....Purttan Machine Ca, 


R. C. H. 



Selden. 


I Furitan Mach. Co- Detroit 
., { Joa. C. Gorey & Co-. New T ^ 


Springfield.... 
Standard Six. 


Speedwell. _ ______ 

Green Enxlneerint Co- DnwJPS 
Hui Elec, I Mf*. Co.* SunaiS-MR 
t SL Louis Car Cb, R 
j Purttan Machine Co, rwwt 

Star.- -Mkr Cam Age A Buggy Co., Uiwfl g.j* 

Staver.. .Puritan Machine Ca* SMM 

Starling.. *.Keith Brothers, H-Qi 

Stevens-Duryea.Walk HUIGnrigr, 726 W H ik h»1 St , MsUfvi 

1 8Mndanl Motor Part* Col* Xtw^m*aJ» 

Stoddard-Dayton.' 1 urban Machine Cc, Detroit 

l Dayton Autn H^poir Co , New tw t C? , 

Suburban.*..Puritan Machine Ce* Of* 

Sultan...J«. C- Owrjr, Nn fs* M 

f E, R. Thomas Motor Car Co * Buffalo, % T 
Th.m.. I Puritan Machine Co., Detroit _ ** 

T,,0,na •.) W. H. Jahns* &08 W. Pled SL* LvA^4> 

\ J. Rosenfeld, 5*1 6th St . South. Botes 

Tlncher. . .. . Chicago Conch A Carriage O. Qjpf 

Tourlno.. .Joa. C, Gorey, Nil Tjf* 

Tourist.W. ,J. Burt Motor Car Co.. Loo Angbbs ® 

Traveler.Traveler Automobile Co . Evan«»k» 

^vombly.T^ncps-SpahLiry Ordnance Co , Fearw, m 

Van .*._.._,U C. Erbe*. WaiMbm jM 

Van Dyko. .... Puritan Mart Ce r w "* 

Vlctor-Thomaa-Detroit-*_Puritan Mactbo* Cn, &d*■ 

Wagenhalle... Hivenride Machinery Depot* I*** 

1 Harris Bros Co, Cblo* - 

Wahl.. Barley Mfjr Op , Str*y. » 

! Puritan jfnchfna C». D>e-* 

Waltham.Orient. Her r Co.. 

w .___ i Joa. C. Gorey A Ca* RMf 

Warran . J Fur Hun Machine r>. 

Washington.*..Puritan Machine Cb* 

Wavorley Electric...V. A, Loncaker Co, S3 

Wayne. .f Auto Mfg Ob, 

ul ; . _ A I Portiau Maebbts ^ M* 

Welch-Detroit. . Puritan Machine Co. 

Welch-Marauotto.*.OidrmnMie Co. CM»| 

Welch-Pontiac. . ..Puritan Machine Ce, 

fChrtrnlel M'Hur Co c.t Mk ti . W KwriNTMi 

Whiting.< WnL Mlrh. 

I Puritan Machine Co Detroit 
Woodworth..PdHlu Machine C* 

Yale.. Consohdated Sif* c.» * Tekdb ^ 

Zip.*.-.....HI A Huebatier, pmyn M 


To find tddrooMS of Ignition, M&gneto, Electric System Manufacturers, also Auto Trade PubliuM 
etc.—look under ^Addresses” in the index. 
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INSTRUCTION No. 41. 


** TIRES: Pneumatic. Treads. Rims: attaching and detaching. 
Proper Tire Inflation. Oversize Tires. Rinding Wheel Load. 
Tire Pointers. Puncture Proof Tires. Air Pumps and Com¬ 
pressors. Various Uses of Compressed Air in a Garage. 
Anti-Skid-Chains. Solid Tires. Truck Tires for Heavy Duty. 


Tires are used on automobiles to over¬ 
come the vibration. If the wheels of an 
automobile were not properly tired,. the 
machine would soon rack itself to pieces. 
The great weight and speed of the auto¬ 
mobile and its delicate construction, require 
additional protection besides that of the 
springs alone. 


There are two types of tires, the solid 
and the pneumatic. The solid tire is used 
to a great extent on electric vehicles and 
trucks, because they are usually slow speed 
vehicles. If solid tires were used on high 
speed cars the vibration would be so great 
the car would soon rack itself to. pieces. 


The Pneumatic Tire. 


The pneumatic tire is the type used on all 
pleasure cars. With pneumatic tires, the 
car is suspended in air, which is the most 
elastic of substances. 

There are two methods of retaining the 
air, the first and now obsolete method, was 
a single tube tire, made air tight and did 
not use an inner tube. 

There are two forma of pneumatic tires; 
the single and the double tube. The single 
tube tire was merely an outer casing made 
air tight and was fitted with an air valve. 
This type was used extensively during the 
early days of motoring, but inasmuch as it 
is now obsolete, we will confine our instruc¬ 
tion mainly to the modern type. 

The modem automobile pneumatic tire 
consists of two chief parts, the “ inner 
tube,” which holds the air, and the “shoe 
or casing,” which retains the inner tube, 
and protects it from wear. (fig. 2, page 550.) 

A steel rim is placed around the felloe of 
the wheel, and shaped to fit the tire, its 
exact shape depending on the design of the 
tire. The clincher and straight side rim are 
the styles universally used. 

Inner Tube 

Inner tubes used on automobile pneumatic 
tires are of the endless type. The only open¬ 
ing into the tube is the valve, through which 
the air is forced, fig. 6, page 550. As tube 
becomes inflated by air pumped into it, the 
bead of tire is forced outward and tightly 
clinches to the rim channel and can only 
be dislodged by deflating tube. 

fThe Inner tube valve-stem is the part 

shown in fig. 6, page 560. It is the part 
to which the inner tube is connected as 
shown in fig. 5. (T) is the inner tube. The 

base, (G) of the valve stem is passed 
through a heavy, tough piece of rubber, 
called the “valve-stem-seat” which is vul¬ 
canized to the tube as shown in fig. 6, page 
672. By stretching the opening in this 
valve stem seat, the base (G) is placed in¬ 
side of tube and firmly locked by clamp nut 
(ST), figs. 5 ana 6, page 660. 

The Inner-valve A, fig. 6A, also called the “valve 
plunger," it an automatic air check valve for 
retaining the air in the tube. It is screwed into 
valve item opening, usually by the notched end 


Double tube tires have projections on the 
side called beads, which fit under grooves or 
into channels in the side of the rim, the 
pressure of the air in the inner tube holding 
them iu place. See figs. 8, 8A and 9, page 
552. 

•Bolts, or lugs, also sometimes called stay bolts 
or security bolts (fig. 2) pass through the felloe 
and rim, their large rubber or canvas-covered heads 
holding the extreme inner edges of the shoe 
against the rim. 

Tread, is the part of an outer shoe or cas¬ 
ing, which is the part that comes in contact 
with the road. Bead, is the projection at 
the edges that fit into the rim. 

Outer cases, also called the outer shoe are 
divided into two classes; the “fabric” 
type and the “cord” type as explained on 
pages 565 and 559. The strength of the 
tire lies In this fabric or cord carcass, the 
cushion and protection for the carcass of 
the tire is In the rubber. Sea Island cotton 
which is very strong, is used for the carcass 
of the fabric tire and cords are used for 
the carcass of the cord tire. 


and Valve. 

of (B) the valve cap (see fig. 2, page 568). V— 
is the threaded part which screws into valve item. 
W, is metal with rubber packing (D) around it, 
which makes an air-tight Joint with walls of valve- 
stem. T is cap holding spring (8) in place, and 
on upper part is a rubber washer which is the 
“valve-seat" which is between bottom of (W) 
and upper part of (T). This is the seat, or point 
where air pressure in tube is retained because the 
lower pert of (W) is in contact with rubber 
washer sest on top of T, which is held together 
by tension of spring. This seat is shown open in 
illustration. Pm (U) is firmly attached to T 
but works freely through enlarged holes in V 
and W, which hole also serves as the air pas¬ 
sage to or from valve seat. The spring holds the 
valve to its seat but can be depressed at (U) or 
air from air pump will be sufficient to force valve 
from its seat. 

To inflate tube, unscrew valve cap (B) and 
screw in its place the hose coupling from air line# 
Inside of this hose coupling is a projection which 
presses the pin (U) down against tension of 
spring (8) which separates the seat on upper 
part of 7 from lower part of W—the air then 
passes in through enlarged hole in V and W and 
out bottom of W at seat, which is now open. 
When air-line coupling is removed pin U raises 
and brings upper part of T and bottom part 
of W to a firm seat, and pressure of sir in tube 
also assists in forcing spring 8 against 7 and 
tightening the seat. 


•Lags are now seldom need owing to the great number of quick detachable clincher rims now in 
use, and it has been proven by experience, that they sre not needed. 

**8ee Specifications of Leading Cars, pages 543 to 546, for make and size tires used ou leading cars, 
tValve stem is passed through hole in felloe of wheel—see page 558, fig. 2A. 8tem is held in 
place by lock nut (N) and washer /M), fig. 6, page 550. See page 571 for purpose of the spreader. 
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Flff. 6—Schrader No. 777 Inner tube 
valve; full size for 3 in. tubes and un- 
der. No. 725 for 3% in. and over is 
larger. 

A—Inner valve. 

B—Valve cap. 

0—Rubber disk (for cap B). 

D—rubber packing. 

N—Locking nut (for dust 
cap). 

M —Leather washer. 

G—Valve stem base, 
inside of tube. 

P—Lock nut (for valve 
stem). 

S-T—Olamp disk. 

L—Valve spreader. 

See pages 549, 551 for in¬ 
ner valve principle. 


goes 


rig- 9—Types of non-skid tires. 


Fig. 10—Non-skid date 

Suitable only for snow, ice ad 
mud. The chains art phn* 
over the tires. See chart t&f 
for grip or chain for solid tire*. 
The chain is a sure pmav i 
of slipping. 


Pig- 1—The old style and 
original pneumatic tire was a 
“single tube tire.” The cos¬ 
ing itself held the air and did 
not contain an inner tube. 

Fig. 5 — All 
pneumatic tires 
now contain 
inner tubes. 

Note method of 8 T 
clamping the 
air valve to in¬ 
ner tube. Inner 
tubes are end¬ 
less and seam¬ 
less. 

T, tube; G, 
base; ST, clamp 
nut; P, lock¬ 
nut. 




Fig. 2—The old style double 
tube clincher bead tire on a 
one piece clincher rim. Note 
the lug formerly used to hold 
tire on the rim. Pneumatic 
tires were called “double tube” 
tires in the early days to dis¬ 
tinguish them from the single 
tube tire, fig. 1. 

The clincher tire can be ap 
plied to a quick detachable 
clincher rim. 


Fig. 3 — A 

3 uick detachable 
emountable 

“clincher” rim. 


Fig. 4—A tel 
detachable £ 
mointakl^ 

straight m 


Fig. 7—A modem smooth tree# 
made in quick detachable chad*! 

regular clincher and straight ssde^i 
of bead. Above illustrates the artel 
tread quick detachable clincher tte 


Fig. 8—A modern non- 
skid tread tire—made 
in quick detachable 
clincher, regular 
clincher and straight 
side type of head— 

Fig. 8A — The Cord 
tire, principle of which 
is explained on page 
559, is distinguishable 
by its tread, which is 
a characteristic stand¬ 
ard used by many* of 
the tire concerns who 
make Cord type of 
tires. 


Fig. 8A— The cord 
tire; a popular but 
high priced tire. 
Distinguishable by 
its tread. The cord 
tire is also made 
with non-skid tread, 
the above is the 
“ribbed” tread. See 
page 559. 


HART NO. 235—Tires—Original and Modern Types. Inner Tube Valve Construction. 

harts 233 and 234 omitted by error in numbering. 
































TIRES, TREADS AND RIMS. 
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To deflate tube, valve cap B ie removed, turned 
upside down (per fig. 2, page 558) and pin U 
(flg. 6A, page 550) ie pressed down by it, which 
opens inner-valve seat. Or, the valve cap B can 


be used to unscrew inner valve at V and removed 
entirely, which is the proper thinp to do when 
removing a punctured tube or rolling it up, per 
flg. 7, page 568. 


Slow Air Leaks. 


Slow air leaks from tube are sometimes 
traced to this ‘ * inner-valve ” A, leaking. 
+To test for inner-valve leak, inflate tube 
and test, per fig. 3, page 568. If leaky, 
try cleaning and screwing down tight, if 
this does not remedy leak, then put in a new 
1 * inner-valve. ’ * A slow leak may also be 
due to valve-stem base (G) being loose—or 
inner tube rubber being porous, due to age 


which in time hardens, becomes porous and 
leaks slowly. To test for valve stem or 
slow leak or puncture; see fig. 4, page 668. 
The average life of a tube is from twelve 
to eighteen months, maybe two years—but 
once it begins to harden—it is advisable to 
replace with new tubes. 

The purpose of the spreader (L), fig. 6, 
page 550 is explained on page 571. 


Treads of Tires. 


The treads of tires or outer casings are 
divided into three types; the smooth tread, 
as shown in fig. 7, and the non- 
skid tread (fig. 8) and the ribbed tread, fig. 
8A, page 550. There are several different 
makes of non-skid treads, (as shown in 
fig. 9) but the principle or purpose of all 
are to prevent skidding. The original non- 
skid tire was the Bailey tread. The Fire¬ 
stone non-skid tread was the second tire of 
this .type introduced. 

The number of accidents which have oc¬ 
curred on account of skidding on slippery 
pavements, has shown the need for some 
method of prevention. 

♦♦The original method waa by the use of 
tire chains (fig. 10), which, so far as the pre¬ 
vention of skidding was concerned, fulfilled 
their purpose. But the use of chains was 
found to be detrimental to tires when in¬ 
troduced between the blown-up tire and hard 
pavement, and in addition were a great 
source of trouble and hard riding, aside 
from the noise. 


The non-skid tread was introduced to 
overcome this difficulty, but while they pre¬ 
vent skidding to a great extent, it still 
seems as though the chain is the best pre¬ 
ventive of skidding after all. The extra 
wear and gripping surface obtained with 
the non-skid tread is well worth the differ¬ 
ence in price, and ought to at least be 
placed on the rear wheels. 

The modern tire equipment consists of 

smooth or ribbed tires for the front wheels 
and non-skid tread tires for t.Ve rear wheels, 
with rims of the quick detachable demount¬ 
able type. 

* Leather cOver protection for tires: In flg. 5. 
page 559, we illustrate a tire protector called 
the Woodworth Leather Tread. This eover is 
made of leather with steel rivets which pass 
through the tread. The covers are made to fit 
over the tire. They protect the tire from wear 
and from punctures, cuts and bruises, or other 
outside injuries, but are not suitable for high 
speed cars. 


$Blms. 


There are two classes of rims—the 
clincher and the straight side. 

The clincher type is divided into three 
types, the plain one-piece clincher rim, the 
quick detachable type, and the quick de¬ 
tachable demountable type. 

The plain clincher type of rim is perma¬ 
nently fastened to the felloe of the wheel 
and in order to put a tire on this rim, it is 
necessary to place the inside bead of tire 
in the clinch, then force the outer bead un¬ 
der the outer clinch, inner tube having 
been inserted first. (See chart 236-D.) 

The quick detachable rim is a type of 
rim which is also permanently fastened 
to the felloe of the wheel, but the outer 
11 clinch’' of the rim is removable. (8ee 
fig. 12, chart 236-C, and fig. 3, chart 
236-B.) There are several different makes 
of quick detachable rims, but the purpose 
of all are to save time in attaching and 
detaching the tire. 

It will be observed by referring to chart 
236, the clincher tire or the straight side 
tire can be placed on this quick detachable 


type of rim by reversing the beads of the 
rim. (see figs. 2 and 3). This type of 
quick detachable rim is called the rever¬ 
sible type of Q. D. rim. 

Quick detachable demountable rims per¬ 
mit the damaged tire to be removed with 
rim and another (which is usually carried 
on the rear or side of the car fully inflated) 
placed in its place. (Bee figs. 4 and 5, 
chart 236.) This type can Ue of the re¬ 
versible ring or of the split type, to take 
either a clincher or straight side tire. In 
the split rim type, the rim is removed from 
the tire instead of the tire being removed 
from the rim. (see figs. 1 to 10, 
chart 236-C). 

♦A spare emergency tire and rim is illus¬ 
trated in fig. 7, chart 236. With this type 
(seldom used) the tire is carried along the 
side of the car fully inflated and on a spe¬ 
cial rim, but instead of this tire and rim 
being slipped over the rim in place of tire 
damaged, it is attached to the wheel along¬ 
side of the damaged tire, and is used tem¬ 
porarily until the car reaches home and 
damage tire is repaired. 


••For heavy weather and snow time there is nothing equal to a good set of chains; one on each wheel. 
If only two are used they should be on the rear wheels. If only one, it should be on the left rear, 
to avoid being damaged againat the curb. Fasten them tightly, bnt not so tightly that they cannot 
creep. If they are held rigidly in one place they wear into the tread and ruin it (aee pages 550, 559). 
•The objection to this type is due to the fact that the wheels do not track properly. On country 
roads with ruts this becomes serious, tSometimes the inner-valve leaks, due to the valve cap (B) 
being screwed down so tight the rubber disc |0) spreads and forces pin (U) down. 

£Tho straight aide rim is the popular rim. 
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Fig. 1—Clincher tire on a 
one piece clincher rim. 


Fig. 2-—Clincher tire on a 
quick detachable rim. 



rig. 5—Showing the Q. D. Demountable tire Inflated on 
the demountable rim carried on the side of the car or 
the rear, ready to put in the place of a damaged tire. 
Note, this tire is inflated 


Fig. 3—Straight aide th* i 
a quick detachable rim «fca 
the clincher part of rim » i 
▼eralble. 



Fig. 4—A clincher tire on a 
able quick detachable clincher rim. 
the inner part of rim ia permanently e§ 
tached to felloe of wheel. This tire a 
usually carried on rear of car inflate! 
on the outer part of rim. The diai|^ 
tire ie removed and the inflated tire sal 
rim is slipped over the wheel rim. fte 
straight side or clincher tire can be fc 
mountable. 
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Type* of Tire Beada. 

Fig. 8—A clincher hard, non-atretchable 
bead tire on a quick detachable, demount¬ 
able rim. 

Fig. 8A—A clincher flexible bead tire 
ia practically the same tire except bead 
ia flexible and is used on the “one-piece" 
clincher rim fig. 1. (Fg. 8A not illus¬ 
trated.) 

Fig. 9—A straight side bead tire on a 
quick detachable, demountable rim. 



A straight side bead tire with a non- 
skid tread. Can be either the "fabric" 
or "cord" type of carcass, as explained 
on page 565. 


yr 
A\ B‘ 


Fig. 7 — 1 
emergency tire sad 
rim is a type of the 
usually carried ia 
dated on a special 
rim which can be 
bolted or damped 
to the side of the 
damaged tire. The 
damaged tire ia act 
removed until des¬ 
tination ia reached 
This principle ia ael 
dom need. 


Fig. 8—Quick detachable clincher cases have non-stretchahk 
beads and can only be used on quick detachable clincher rim 
and the split type clincher rims. This style of tire shosli 
always be equipped with flaps. 

Fig. 8A—Regular clincher cases have stretchable or Acs 
ible beads and are designed for use on regular clincher (sac 
piece) rims; they are sometimes used also on quick detach¬ 
able clincher rims. When used on regular clincher rim 
it is desirable for sizes including the 4 inch and abevt 
to use clips or stay bolts to hold beada securely in rta 
clinches. When using regular clincher tires on quick detects 
ble clincher rims, it is necessary to use flaps to protect the 
inner tubes. 

Fig. 9—Straight side or straight bead casea have non-stretch- 
able cables imbedded in the base and are designed only tar 
quick detachable straight side rims and split type of straight 
side rims. This style should always be equipped with flaps 
Straight aide tires are sometimes used on quick detachable 
clincher rims having flllerbeada fitted in clinches ef rim 
This is not to be recommended, however, at the beet widtk 
of this atyle of rim is not suitable for straight side tires 


(HART NO 286—Rims: One piece Clincher. Quick Detachable Clincher, Quick Detachable > 
mountable Clincher, Reversible Q. D. Rims. Straight Side Type. The Emergency The. 
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Detaching and 

Clincher tires of the plain one piece rim 
e sliown in chart 236-D. 

Quick detachable side ring type; where 
o rings are removed in order to remove 
re is shown in fig. 3, chart 236-B and fig. 
5, chart 236-C. This type of rim can be de- 
ountable or permanently fastened to wheel 
i per figs. 2 and 3, chart 236.* The tire 
an be removed, on or off the wheel, if de- 
ountable, as per A, B and C, chart 236-AA. 

Quick detachable demountable split rim 

with this type it is necessary to de- 
lount rim in order to take tire off. See 
ig. 4, chart 236-B and fig. 2 and figs. 1 to 
O, chart 236-C. 

It is well to note that a Q. D. clincher 
ire bead is very similar to the regular 


Attaching Tires. 

clincher tire bead, but there is a slight 
difference. 

Tire Beada. 

A clincher tire for the plain one piece 
clincher rim has a flexible bead, (page 552). 

A clincher tire for the quick-detachable 
rim has a hard bead. 

Any clincher tire with flexible bead will 
fit a Q. D. clincher rim, but a hard bead 
Q. D. clincher tire will not fit a plain 
clincher rim. It has been done after con¬ 
siderable work but with injury to tire. 

A straight side bead is shown in fig. 9, 
page 552. 

Straight side tires, in emergencies, have 
also been used on clincher rims, with the 
use of a filler bead. 


tProper Air Pressure. 


There are four ways in which you can save 
>n tire bills; first, by. keeping the tires at all 
;imeB well inflated; second, by using your brakes 
witti caution; third, by not overloading the car; 
fourth by repairing small cuts in the tread as they 
appear and being sure wheels are in alignment. 

hftore than three-fourths of all tire trouble is 
caused by under-inflation. A soft tire by having 
ita sides bent at a sharp angle, will soon have 
its fabric loosened from the rubber, with con¬ 
sequent liability of an early rupture. Besides, a 
hard tire presents less surface to the road and is 
therefore less likely to suffer cuts and punctures. 

One manufacturer gives the following rule for 
Inflation of tiree. The pressure of air to be car¬ 
ried ia about 18 pounds per inch (cross section) ; 
for instance, a 8-inch tire ought to have 54 
pounds and a 8 % -inch, 63 pounds, and so on. 
The pressure can be accurately tested with a 
pressure gauge, a good form being shown in 
chart 238. 

Another manufacturer gives this schedule as 
per chart 236-A. In addition, the wheel load 
each size of tire is supposed to carry and how 
to figure the wheel load is given. 

The most important thing to fix in mind on the 
subject, is that load as well as inflation, must be 
considered to get good results. These two fac¬ 
tors are interdependent. You cannot consider 
one properly without regarding the other. 

Jf you increase the load imposed on a given 
tire you must increase the inflation pressure—and 
vice versa—if you are to maintain this proper 
degree of flattening. 

From this it will be seen that there is no fixed 
pressure than can be set as standard for any size 
of tire regardless of load. 

That the inflation pressure should vary in tires 
of a given size according to the load they are 
obiged to carry, is obvious when you consider, 
for instance, a 4-inch tire used on a heavy tour¬ 
ing car and another 4-inch tire used on a light 
roadster. Obviously the weight on the former 
is a great deal more than that on the latter, so 
that the former tire will be flattened or distorted 
a great deal more, providing tire pressure is the 
same. In order to prevent this flattening from 
becoming abnormal and in that way affecting the 
tire detrimentally, it will be necessary to main- 
- tain a higher inflation pressure in the touring 
car than used in the tires on the light roadster. 

If the tire is inflated so that it does not flat¬ 
ten at all under the load more service will prob¬ 
ably be received from It. However, this will 
cause the car to ride harder. 

If the tire la underinflated, that is. if the 
amount of air allows too great a degree of flat¬ 
tening, the constant distortion at its point of con¬ 


tact with the ground as the wheel revolves, will 
generate heat in the aide walla of the tire. Thia 
heat destroys the rubber between the indlvidnal 
plies of fabric and tends to separate them. Sep¬ 
aration of this kind weakens the tire so it is 
not long able to stand up ander ordinary road 
conditions. 

To Get Better Cushioning; Change 
to Oversize. 

If it is desired to Increase the durability or 
mileage from the tires, the inflation pre s sure 
should be Increased. In extreme cases where 
better cushioning effect is desired this can be 
done by decreasing the Inflation pressure. How¬ 
ever, that is bound to cut down the mileage re¬ 
ceived from the' tire. The best way to get better 
cushioning is to change to oversize tires because 
m that case a lower inflation pressure can be 
used. For instance: 

Suppose that a 4-inch tire carrying a weight of 
1,000 pounds per wheel should according to the 
scale, be inflated to 80 pounds. If the 
motorist found he wished easier riding, the best 
thing he could do would be to change over to 
4 Vx -inch tires, which with a load of 1,000 pound* 
would need to be inflated to only about 70 pounds. 

The big thing to remember in connection with 
proper inflation in tires, is that it is nnderinfla- 
tion and not overinflation that ought to be guarded 
against. * 

Inflation Pressure During Hot Weather. 

The subject of whether or not inflation pres 
sure in tires should be reduced in hot weather 
is a very interesting one, because it is generally 
supposed the pressure should be reduced in the 
summer time. 

In a test made with a 38 by 4 tire on th* 
hottest day ever recorded here in June, w© found 
that although driven at excessive rates of speed, 
the increase in inflation pressure amounted to 
only 4 pounds, which of course, is negligible, 
because many times 4 ponnds would not cause 
the tire to blow out. 

Tire gauges are shown on page 568. 

Air Compressors. 

Hand tire pumps are made in single and double 
acting, the most satisfactory type is the double 
acting, as shown in fig. 4, chart 287. 

Power pumps or air compressors are driven 
in various ways; the spark or impulse pump; 
friction wheel, the belt or gear driven and electric- 
motor driven pump. Modern cars are equipped 
with small air compressor driven from the engine 

Air compressors for garage use are described 
under ' Equipment for the garage/* See chart. 
237-B for air compressors. 


•Reversible rim (quick detachable) is shown. An ordinary plain Q. D. rim is often referred to ss a 
clincher rim permanentlx attached to the felloe, with outer clinch removable. In this case the tire 
is demounted, but not the rim, and called the side ring type, (see fig. 12 chart 236-C). 
fCord tires per page 559 require slightly less air pressure than “fabric” tires. 
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CLINCHER RIM MEASUREMENTS 


IaAds Dfcok. of 


Dism. of Bln at 


6 x 2* 20.834' 21 34 x 3 271* 28 

8 x 24 21.834' 22 36 x 3 29 ' 30 

0 x 2 , 23.834' 24 28 x 34 20 4' 21 

2x24 26.834' 27 30 x 34 22 -■' 23 

4 x 24 28.834' 29 32 x34 24 ' 26 

6 x 24 30.834' 31 34x34 20-' 27 

6 x 3 19.834' 20 36 x 34 28 v ' 29 

8 x 3 21.834' 22 30 x 4 21 -' 22 

0 x 3 23.834' 24 32 x 4 23 ' 24 

2 x 3 25.834' 26 34 x 4 20' 26 

4 x 3 27.834' 28 36 x 4 27 ' 28 

6 x 3 29.834' 30 28 x 44 18 4' 19 

6 x 24 20 |' 21 30 x 44 20 ' 21 

8 x 24 211' 22 1 32 x 44 22 4' 23 

0 x 24 23}' 24 j 34 x 44 24 4' 26 

2 x 24 26}' 27 36 x 44 26 4' 27 

4 x 24 28}' 29 ; 28 x 5 17 ' 18 

6 x 24 30}' 31 , 30x5 19 ' 20 

6x3 19}' 20 ,32 x 5 21 ' 22 

8 *3 21}' 22 ! 34 x 5 23 i ' 24 

0 x 3 23}' 24 I 36 x 5 25 ' 26 

2 x 3 25} '_ 26 1 40 x 5 _ 29#' _ 30 

Note that the 28 ud 30 x 24 Tires are made interchangeable with the 28 and 30 x 3 Thus 
The above table gives the clincher rim inside measurement, useful for 
fitting rims to wheels. 


STANDARD 


Standard 
Tire Slaw 


28x8 

takas. 

28x3 

tskM. 

80x8 

takes. 

30x8 


82x8 

takes. 

34x8 

takes. 

86x8 

takes. 

80x8 ft 

takas. 

82x8 ft 

takes. 

84x8 ft 

take*. 

86x8 ft 

takes. 

82x4 

takes. 

34x4 

takes. 

36x4 

takes. 

84x4 ft 

takes. 

36x4 ft 

takes. 

38x4 ft 

takes. 

40x4 ft 

takes. 

42x4 ft 

tafies. 

86x5 

takes. 

86x5 ft 

takes. 

3«x5ft 

takes. 

40x5 ft 

takes. 


•METRICS 

BQUTTAZi 


AIR PRESSURES AND CARRYING CAPACITIES OF PNEUMATIC TIRES 

(P«r Whssl—Csr Empty) 


Air _ _ 

Prem’ra Rear Front 

28x3".. 60 lbs. 350 lbs. 450 lb*. 
2Qx3" .. •• 375 “ 475 

32x3".. “ 375 “ 475 " 

34x3".. " 400 “ 500 44 

tg#’. : “ 425 “ 525 “ 

29x3)4" eOlba. 450 lbs. 550 lbs. 

•• A75 11 575 


Air 

Prss’rs Rear Front 1 
70 lbs. 875 lbs. 825 lbs. 

•• 700 “ 850 “ 

“ 725 “ 875 “ 

“ 750 " 900 “ 

•• 800 “ 950 M 


30*4".. 70 lbs. 550 lbs. TOO lbs. | ***** 


I 32x4)4" 80 lbs 800 lbs. 1000 lbs. | 

33x4 W ** MO " 1050 “ 

34x4)4" “ 900 “ 1100 " 

35x4)4" 44 *50 M 1150 “ 

30x4)4" " 1000 “ 1200 “ 

37x4)4" “ 1050 “ 1250 44 

38x4)4" “ 1100 “ 1300 “ 

40x4)4" M 1200 “ 1400 “ 

42x4)4" “ 1300 “ 1500 “ 


Air 

Pres*r# Rear Front 
83x5".. 90 lbs. 950 lbs. 1200 lbs. 
84x5".. “ 1000 “ 1250 " 

85x5".. 44 1050 “ 1300 “ 

30x8".. ** 1100" 1350 “ 

37x5".. “ 1150" 1400 “ 

38x6".. " 1200 " 1450 “ 

89x5".. 44 1250 “ 1500 “ 

41x5".. " 1350 " 1000 « 

43x5".. 44 1450 “ 1700 “ 

80x814" 95 lbs. 1250 lbs. 1500 lbs 
37x5)4" “ 1800 " 1580 “ 

38x5)4" “ 1350 44 1000 “ 

40x5)4" 44 1450 " 1700 “ 

37x0" 100 lbs. 1850 “ 1000 - 

89x0" “ 1450 " 1700 “ 

41x0" “ 1500 " 1800 “ 


t Th. pressure to b. cerrlsd to tiro, ond th. whe1- in A %^* r “ r 0T ^“ 4U 0 , f U ? h 

load that the different sues are intended to carry is TSLT> ^\y than the front tiree; they also have t® k 

shown above. the traction strain, that of carrying the csr taw 

To find the wheel load for any particular car: First, a nd f or these reasons they are subject to mm ■ 

it ia necessary to know the weight of the car. with all than the front tires. Furthermore whenever He to 

the passengers and accessories, water and gasoline tanks stalled in a mud hole, the rear wheels revoke t p 

filled and on board. After weighing the whole car, many times without the front ones moving. 

Wtich back of cor. To do this, th* middle of the »tep M»ny motorloU follow the practice of uSf n* 
of .the ear ahoold be over the edge of the platform tlrei whMU and new oass ■*> 

Male—If a regular wagon Male is not available. wheel*. Increased service can also be had to «« 

Weigh the front of the car in the same way, the posing tires.' In ordinary wear it is usuillr re* 

middle of the step being over the other end of the tires on the right side become worn mart W® 

platform. If thto has been carefully done, the last two than those on the left. This to due to their bea*i 

weights added together should give within twenty into ruts and stones, when the csr is turned mi 

pounds of the total weight of the car when weighed traveled roadway, and because the tires of At 4 
complete. Of course the wheel loadB are one-half of side suffer most from curbings sod the lit* * * 

the respective axle loads as found in this way. In driver uses the right side of the street, they ah* to 

this way you can see if your car is tired properly by more than half of the weight when the car icon ™ 

referring to the scale showing the siie of tire to use. it does mostly on the right side. 

*_. .. .. The right rear tiro wean faster because of tkto 

OTeratoo tires: All tin» ^" ***•• L/J?? 6 ! of the streets and roads. The weight betaf ■*»' 

also tiro, giving a larger air cushion, is hotter than a .. incline is nrobablv the cense 

—.ener tiro with a smaller air cushion. If you think the ,ncl,ne “ lhe cau#e 

your tires are too small, place a larger size tire on the s. a. *. stahdaju> son or ratmiAnc mssm 

rim. (See list above “Standard Oversiie Tires.”) kxasoi* cam 

Ton can figure the oversixe tire your rim will take by on, 

adding one-half inch to the cross-section and one inch - w 

to the diameter. For instance, suppose your present Ru»s«** 

tire is a 82x8ft; by adding one inch to the diameter «*««“"> .Tfc, v 

we have 38 and adding one-half inch to the cross-sec- joum Ir 

tion we have 4. therefore a 82x8 ft rim will take an jgjH jgjh JJJ g 

oversiie tiro 88x4. M>4 Mrt J5M4 S* 

M«44 34«4WJ JS*5 8* 

Transposing tiros: Ruts, curbings and similar tire S3 1 * £s H 5 

destroyers may wear the outer wall of a casing nearly r 

to the fabric, but if the tire to reversed, and that side 

which has been exposed and most worn placed nearest See bottom of page 555 for change of lire 
the car, it will still be serviceable. 

chart HO. 236-A — Useful Information Routing to Tiros. 

•Figures in 1st column represent milli-meters. See page 541 for explanation of milli-meters. tSee p»f* 5 
pressure to be carried in cord tires. 


See bottom of page 555 for change of tilt a* 
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DEMOUNTABLE RIMS, 
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»• A — Firestone Bim. 

detachable and de* 
tsable. Tbit rim taket a 
•• clincher'* or a “quick 
hmfele clincher" tire, 
can be removed without 
rim^ rim, or the rim and 
;an be demounted. 



Tjrp* • 


Tpe B — Firestone Bim. 
also a quick detachable, 
onntable rim, but the side 
(B) can be reversed for 
with any straight side or 
D. tire. Therefore this rim 
take a plain "clincher" 
"quick detachable clincher" 
“straight side" tire. By 
loving the clamp the rim 
h tire is demountable. 



Type 0 — Firestone Bim. 
ick detachable, demount* 
le for use with any standard 
straight side" tire. This 
a quick detachable rim with 
mountable features. 


A 



Figure 1 


Be sure that valve sleeve, sent out with every set of Firestone 
demountable rims, is being used. This is an important feature of 
this rim as it serves to hold steel valve spreader securely in place, 
making it impossible to throw a tire even when deflated, prevents 
moisture from working into the tire around the valve stem, and the 
dust cap need not be removed when the rim is mounted or demounted. 


*Quick Detachable Rims. 

Type A—Firestone Quick Detachable, Demountable Bim: A —Rim 
Base. B—Side Ring. 0—Locking King. D—Clamping Ring. B— 

Clamp. F—Clamp Bracket. G—Felloe Band. H—Bolt Washer. 

Type B—Firestone Quick Detachable Reversible Demountable 
Bim. A—Rim Base. B—Reversible 8ide Ring. 0—Locking Ring. 

D—Clamping Ring. E—Clamp. F—Clamp Bracket. G—Felloe Band. 
H—Bolt Washer. 

Type 0—Firestone Quick Detachable Demountable Bim: A—Rim 
Base. B—Side Ring. 0—Locking Ring. D—Clamping Ring. E— 

Clamp. F—Clamp Bracket G—Felloe Band. H—Bolt Washer. 

Type E—Firestone Demountable Split Bim: A—Straight Side Split 
Rim Base. D—Clamping Ring. E—Clamp. F—Clamp Bracket. G- — 
Felloe Band. H—Bolt Washer. 


Partial List of Prominent Users of Firestone Bims. 
Chandler Motor Car Co., Indianapolis, Ind., 34x4 £. Lt. 

Haynes Automobile Co., Kokomo, Ind., 84x4 £. Lt. 

Hupp Motor Car Co., Detroit, Mich., 34x4 £. 

Locomobile Company of America, Bridgeport, Conn., 86x4 % A. 
National Motor Vehicle Co., Indianapolis, Ind., 34x4% A. 
Packard Motor Car Co., Detroit, Mich., 34x4 % and 86x4 % A. 
Paige Motor Car Co., Detroit, Mich., 82x4 E. Lt. 

Premier Motor Car Co., Indianapolis, Ind., 34x4 £*Lt. 

Republic Motor Truck Co., Alma, Mich., 84x4 % A. 

The White Co., Cleveland, Ohio, 32x4 and 86x4% A. 

Winton Motor Car Co., Cleveland, Ohio, 36x4% A. 



Type E—Firestone Bim. A 
emountable rim for straight 
Ids tires. It is a split rim, 
ee figs. 4 and 6, chart 286B. 


Change of Tire Sizes by Order of Conservation Division 
of War Industries Board. 

Standard sixes of tires which were discontinued during war period 
are as follows: 30x3% clincher; 82x3% straight side; 81x4 clincher; 
33x4, 34x4%, 35x5, 86x6, 88x7, 40x8 straight side. Above sixes 
will be made in plain and non-skid tread. The sixes discontinued 
Nov. 1018. are as follows: 30x3%, 35x4, 37x4%, 29x4% straight 
side, non-skid and 38x5 straight side plain; 32x3%, 33x4 Q. D. non- 
skid and clincher non-skid: 32x4%, 33x4%, 34x4% Q. D. non-skid; 
36x4% Q. D. non-skid ana straight side plain. 

Sixes to be discontinued Nov. 1919, are 33x4% straight side, plain 
tread; 36x4% straight side, non-skid- 35x4%, 37x5 Q. D. non-skid. 
Other sizes will be discontinued by Nov.. 1920. 

It will be observed that the first six sixes of tires to be continued 
will fit three sixes of rims. For instance, 80x8% rim will take 81x4 
clincher; 82x8%, a 33x4 straight side; 84x4%, a 85x5 straight side. 


IRT NO. 286-AA—Examples of Quick Detachable Demountable Type of Rims (Firestone) on 

type A, B, and C rims, the tire can be detached from rim without demounting rim from wheel. 
The demountable feature is retained by all rims. 

a rtndffht rid« rim la tha nnnnlar rim 
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FlG.l- TO DEMOUNT 1IHE AMD RtH 

LOOS Eli SI 06 CLAM P M E* WITH SOCKET 



FIGi-DEMOUNTING RIM.TIRE AMO 
ALL FROM WHEEL 



FUj 3 TO REMOVE TIRE FROM RlM 
PRV OFF LOCKING RING C 



Demounting and Mounting Q. 1>. Tin* 

Side Bing Type. 

To demount the rim from the wheel (applying to type l| 
0): Jack up wheel and loosen clamps (E) using 
wrench (W) which accompanies each set of rime. B W* 
down as far as it will go (fig 1), then tighten nut 
hold clamp in that position. 

The socket wrench supplied may be operated with m\ 
while the other hand is employed to steady wheeL See ig- 1- 

When all clamps have been freed, turn the wheel es I 
valve stem is at top, then swing out lower side of rim (flg. 2) i 
rim, tire and all, off the wheel. 

The valve hole in felloe is tapered so this cun be dsmj 
straining the valve stem. Note—It is not necessary to rrw 
cap when demounting rim. Dust cap should always be kept i 
tightly against the valve sleeve, except when detaching the r~ 
its rim. 

To mount the spare rim with inflated tire (apply®! sj 
A, B and 0.). Having taken clamping ring from rim wj 

place in same position (with point toward inside) in spare i 
ing inflated tire. 

Turn the wheel so that the valve hole in felloe is mt 
insert valve stem (with dust cap and valve sleeve already m 
through hole and swing the lower part of rim snugly 
Ends of clamping ring should come under one of the clamps. 

Restore each clamp in turn to its original positioa, 
ping the clamping ring, giving the respective nuts one or Ml 
with the wrench to hold the clamp fairly tight. Then contisr* 
the wheel again, tightening down all nuts and clamps flrmly. 

To apply the tire to A, B or O rims: Place the slgtefr 
flated inner tnbe in the casing, using plenty of soapstone mr 
and set casing back on rim. 

Put on the clincher side ring. Apply locking ring by 
the pin in notch in edge of rim and then force the kwkaf 
into its groove around the wheel. Inflate tire to proper presmt 

Screw dust cap on tight against valve sleeve. 

The spreader is held in position in the base of the 
the pressure of screw dust cap against valve sleeve. >o m 
nut or other device is necessary. 


To remove tire from types A, B or O rims: — 
cap and allow the air to escape. Push the valve stea V 
the tire as far as it will go, thereby releasing the prewar* s 
spreader inside. 

Insert point of screw-driver botw.een side ring (B) sad J**j 
ring (0), flg. 3). Pry downward, causing an opening betveea » 
rings. Drop a coin or other convenient piece of metal into tw e 
in* and hold opening thus gained. Pry downward with 
which will remove locking ring (0). Bead ring and tire mj * 
removed from rim. Note valve sleeve will remain in valve a** • 
or felloe. 

Demounting and Applying; Split Bim (Type E> 

The type E rim, figs. 4 and 5, are the split type. Ta 
loosen clamp bolts. _u 

. To remove tire from type "E" Firestone rims 
operating tool: Be sure cam button lock (T) is unlocked. 
of rim is split (at R) and a button which is slotted 
inner side of ring is operated with a screw driver. To 
for removing tire, turn button so flat edge (not shown) is 
end of latch. Grasp tire in both hands and strike tag-£ 
at a ooint indicated by S, causing rim to collapae, as infccsteU 

Then turn tire half vsy 
position as shown in flf. <t. *■ 
your weight onto rim. sad 
be pulled off with hands. <k ! 
screw driver, or similar toe. ^ 
both beads, and tire a*y b F 
off with ease. 

To apply tire on type E ite * 
out rim tool: After eolUp*# 
rim in manner of flg. 4. by pa 
ground, insert valve stem n b» 
rim, stand on beads of tsj 
"walk'* same over BuyJ* ™ 
working to the right frea 
around rim. Note flg. 5. 



FIG 4-TO REMOVE Tire FROM FIG.5“TO APPLY TIRE TO TYPE 
TYPE"t* RIMS WITHOUT AID "E” RlM WITHOUT RIM TOOL 

ov operating TOOL 


CJHABT NO. 23«-B—Demounting Bim, Mounting Spare Tire, Applying Tire to Bim—of Type Ail 


mmmJt ft ' 




Tlowmintinor Tvno F. Pirn 






















RIMS. 


M 



The Split Rim. 

In fig. 2 a split rim is shown with a locking Iotot 0. 
The rim is called a split rim because it is not endless but 
is cut through on one side. When rim is removed the locking 
lever (0) is thrown to one side as at (D). The rim is 
then pried out or lapped (E) and tire pulled off. 

When rim is put back in place the lever 0 is put in 
place as at (B). The type E rim chart 286-B is of the 
split type but has a different locking device. 

Another type of split rim is shown below in figures 1 
to 10 and is similar but a different locking principle. We 
will use this type below to explain how the rim and tire 
is demounted; how tire is removed from rim and how re¬ 
placed. The procedure is very similar on all types of split 
rims. 


The Baker bolted-on type split rim—used on the Buick 
as example, see figures 1 to 10. 

The demountable rims supplied with Buick cars are known 
as the Baker bolted-on type and may be removed from the 
wheel with the tire. The operation is as follows: 

To demount rim and tire: With the braco wrench, loosen 
all bolts about % inch, (fig. 1) except the ones on each side 
of the valve stem. Insert screw driver at right hand 
side of wedge, between rim and wheel (fig. 2) ( and strike 
handle of screw driver to free the wedge. When free, turn 
wedge around, (fig. 8), and tighten bolt to hold wedge in 
this position so it will not interfere with rim while dis¬ 
mounting. 

To take rim out of tire, lay rim and tire flat (fig. 4), 
so that the end of the cut in rim farthest from the valve 
stem is up. Remove anchor plate and beginning at end 
of rim which does not have the valve stem, insert sharp 
end of tire tool under bead of tire. Force down end of tire 
tool in hand (fig. 5), until end of rim is out of tire. 
This will bring the two short sides of the rim together, 

thus reducing its circumference. Repeat operation, as neces¬ 
sary, to free rim. Next, turn rim and tire completely over 
{fig. 6), and force tire tool between bq£h beads of tire and 
rim, then holding tire with the foot (fig. 7), grasp free 
end of rim and pull it out of the tire. 

To replace tire on rim, lay rim flat on the ground with tire 
on top (fig. 8). Raise end of rim which is drilled for the 
valve stem, and after valve stem has been inserted, put 
both beads of tire entirely into the end of rim that has 

been raised, making sure that other end of rim is under 

both beads of the tire. After the beads of the tire have 

been properly started, insert them all the way around, leav¬ 
ing other end of rim to be put in last. If the tire is too stiff 
to force on by hand, use tool, fig. 9. Add anchor plate and 
valve cap after inflating (fig. 10). 



Fig. 12. Side ring type of Q. D. 
rim. B—is the endless ring. 0—is the 
other. 


Demounting Side Sing Type. 

Fig. 12—This type of rim Is the side ring type of quick- 
detachable demountable rim, similar to fig. 8 chart 286-B 
The illustration shows the locking ring (0) and side ring 

(B) removed and tire ready to be removed from rim, see 
also chart 236-AA. 

When replacing, push the casing back as far as it will 
go; replace the side ring (B) and finally the locking ring 

(C) , by first inserting the stud of the latter in the hole and 
working the ring all around into the groove. 

The locking ring is Inserted most easily while the casing 
is being pushed back as much as possible. When this is 
done in the proper manner it is not necessary to use a 
hammer in order to seat the ring into its groove. 


CHART NO. 230-C—The “Stanweld” Him. The Quick Detachable Type of Rim with a Lockii 
Ring. The “split” rim must be removed from wheel to remove tire. In type shown in fi 
12, called the “side ring” type, the tire can be removed with rim on wheel, or demounte 
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Fif. 2 —Shows how the 
valve cap B is reverted 
to unscrew the inner 
valve when lobe is to 
be deflated 



Fig. S-A—Replacing inner tnbe. 




71*1—Tbs Ttxit Operation 


2 —Sto od Operation: 


eow to wTu Twiti ISi r£ ", art ?• tff" *• P^'» »M 

•ad «?ra iJJSL" !i r Wtwooa rim end lever 

„ . lh * ,,r * , * T * ri This would remit to d smart to 

Vorloat torn* of levers or* ok- tho toko, roodortof it me loot 
totosble. nm botof more cm- till repaired. Iren If oot rat 
mokoi to at* this other*. thrraffL tko rubber would bo 
■o«t®< tho tiro utktri supply to Buck wookoood u to burnt 
mltoklo lever* for tboir tiro* uodrr tho effort of okr prooouro 
>n torn* future occasion. 


riff. S—Third Oporatioa: 
The head le ueed to seetst- 
lug the work toe of cover 
down outride of the rim 
tho lover boioff to position 
botweeu cover and rite. A 
new cover will ffDerail* be 
found (tiff to atanlpulat* 
with the hand* for the flret 
tine, but ooon becomes rap 
pie with eve 





n«. 4-Totwtb Operation: The timer Tto b—Tho Inner Tube I*»«. 6—Ulusttaun* a serious fault, 
tube htvtoff b.eo carefully replaced, has boon pinched bp tire Th, mn.r tube ha. become nipped 
the hooked end of the lever le used to tool between one of the luff bolls and oover. 

work the odffe of cover bock into tko and unless released will rosn'l to s 

r *- burst tube. Tbit risk Is scolded bp 

liking rare to moderately Inflate tube 

. _ _ before replacing to cover 



Tiff. 7—ZOuatratlnff 
how tho Security Bolt, 
bp being pushed towards 
inside or tire before 
screwing down, allow 
ooror and tube to At into 
tho eorroet petition. The 
ordinary security bolt 
boe o caneas-covered 
bead which sometimes 
causer air tab# defects, 
such as nipping and 
Chafing. If balm with 
moulded rubber heads be 
used three defects are 
r* . 'ktly to occur. 



Tig. •—niastratiac 
tho Tiro properly 
rated. the socurny 
bolts to ploce, and 
toner tube enugly in 
Ita ploce. ao nipping 
at any part. The tire 
when pumped up 
should be even all 
the way round the 
ria. and run truly 
w^ien tho wheel ie 
rotated 



Fig. 4A. 


Above illustrations show how 
to remove and attach a tire on 
a “one-piece” clincher rim. 



Fig. 2-A—Removing inner tube 
from tire. 

_ To Remove an Inner Tube, 

Jack np wheel. Remove the vahe 
cap and inside valve by reversing the 
cap head and unscrewing it as shows 
in fig. 2. Remove lock nnt on valvs 
stem (see (H) fig. 6, chart 235). 

Push edge of casing from under the 
lip of rim with tire tool as shows 
in fig. 1. Pry off as in fig. 2 
and 3. This operation must be re¬ 
peated all around the tire until the 
outer bead is loosened. The inner 
tube can then be removed and ester 
casing slipped off. 

When taking an timer tube out of 
tlra, turn the wheel until the vslve 
stem is at the bottom, as in fig. S-A. 
remove the tube, beginning at top. 

Always make It a point to m 
your hand around Inner tube In th# 
casing until you detect the cause of 
the puncture, because very often the 
offending object is hidden in tire and 
cannot be seen or felt from outside. 

Replacing Inner Tubes. 

Put in a new tube, or patch the 
old one in accordance with the in¬ 
struction further on; the Insotiif 
of the tube may he done with the 
casing remaining on the rim or with 
it removed. In either case it ii 
desirable to turn the wheel until the 
valve stem hole is on top (fig. 2-A). 
Before the tire is replaced, the inner 
J tube should be slightly inflated. 

Place powdered soap stone or mica 
in case before inserting tube, fig. 4-A. 
(Too much of this however is likely 
to work .up into little balls and eauie 
inner tube trouble.) 

Then run your hand around the 
inner tnbe, smoothing out the cresesi 
and placing the tube evenly around 
the rim. 

Do not inflate the tnbe toe and 
when placing It in a tire, for if yon 
do, you will have difficulty in re¬ 
placing the locking rim over the bead 
of the casing. 

Inflate the tire carefully after It 
is properly attached, and test the 
increasing pressure with your hand. 

Occasionally the tnbe is pinched ai¬ 
der the spreader. Push the Tshre 
stem up and down with your hand 
before inflating. When the valve re¬ 
turns to its original position there 
is no danger of pinching. 


Oil ART NO. 236-D—Removing and Replacing Inner Tubes. Removing and Replacing the flHinhsr 
Tire on the “one-piece” Clincher Rim. The “one-piece” plain clincher rim is nowteldoa 
used. 
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The Cord Tire. 


The cord tire differs from the fabric tire pre¬ 
viously described in that instead of sea island 
cotton or other closely woven and interwoven fabric 
being used for the carcass of the tire, cords are 
used which are loosely woven and not interwoven. 

There are two kinds of cord tires, the “cable 
cord” and the “multiple cord.” 

The cable cord tire is known as the Silvertown 
cord tire and is a product of the Palmer Tire Co. 
of England made in a suburb of London called 
8ilvertown. This tire is made in this country by 
tlie B. F. Goodrich Co., the Carlise. and Fiske. 



Brerter Strip 0 , Jt#r c „ rd 


Cush, 

Gum 


The multiple cord tire is made by the Firestone, 
Goodyear and some of the other tire manufacturers. 


The difference between the cable cord and the 
multiple cord tire is in the size of the cords and 
the number of plies of cords. In the cable cord 
tire there are two to four plies of heavy cable cords. 

\u the multiple cord tire there are 6 to 8 layers 
or plies of smaller cords or threads. 


The cord tire Is far stronger than the fabric tire, 

one principle reason being that the cord tire is 
not so closely woven or Interwoven as the fabric 
carcass tire and therefore not broken so easily, as 
with the fabric tire it is continually sawing itself 
as if it were being bent back and forth and even¬ 
tually breaks. Another advantage is that a cord tire 
is not subject to stone bruises as explaine’. on page 
500, as the cords all run one way and are not inter¬ 
woven as fabric, and the result is they will give 
without breaking when tire strikes a stone at high 
speed, or in other words, the carcass will have same 
action as the tread—it will stretch under blow witV- 
out breaking. 


The loner lining of a tire is made of a rubber 
sheet, then the first or inner layer or ply of cable 
cord is laid and then two sheets of pure gum are 
applied to act as a cushion between this and the 
next ply of cord. The second br outer layer of 

cord is then applied at right angles or at angle of 

45 degrees to the first layer, then two layers of gum 
cushion stock, then a fabric breaker-strip, then the 
tread. 

The body or carcass of the tire as It will be 
noted, is made of two plies or layers of cords, In¬ 
stead of fabric. These cords are made of cotton 
fibre, about the size of heavy sewing cotton, 

twisted into cords about the size of ordinary grocery 
store twine, but stronger. These cords in turn 

are woven into cables. 

Throughout the process, all units are impreg¬ 
nated, under heavy pressure (hundreds of pounds 
to the square inch) with a solution of pure, fine 
rubber. This has much the same effect a* waxing 
shoemaker’s thread. The solution permeates every 
fibre, being literally driven into it. 

Treads: There are two types of treads used on 
cord tires, the “ribbed tread” per fig. 8A. page 
550 and the “safety” or “non-skid” tread. 

The air pressure carried in the cord tire is 
slightly less* than a fabric tire, for instance. 3%" 
size 50 lbs.; 4" size 00 lbs.; 4%" size 70 lbs.; 
5" size 75 lbs.; 5ft* size 80 lbs. 

Oord tires are made in following sizes: *30x3%; 
*32x3%; *32x4; *33x4; *34x4; 32x4% ; 33x4%; 
34x4%: 35x4%; 30x4%; 33x5; 35x5; 30x5; 

37x5; 38x5%. 

Beads of tires are made for Q. D. clincher and 
straight side rims where marked *, the other sizes 
are made for straight side rims. Only straight 
side bead tires will be made in the future. 

A heavy truck tire of the cord type is made in 
30x0 size. The Firestone Co. make pneumatic 
cord tires for commercial use in 6, 7, 8 and 10 
inches cross section called “Giant Cord Tires.” 

Airplane tires of the cord type are made in 20x4 
and 32x4% sizes. 

The cord tire Is a higher priced tire than the 
fabric tire but is the popular tire, as it will out¬ 
wear the fabric tire and is well worth the difference. 
This is due to its strong construction, yet is resilient 
and easy riding and cords do not break as readily 
as interwoven fabric. 


Oord tires can be made in the “molded” or 
'wrapped tread” method, per page 505. 


For an example of the construction of the cord 
tire we will use the “cable cord” tire as an ex¬ 
ample per fig. 1. ^ * . 

Tire Protectors. 

tire. This tire is known as the Woodworth trouble- 


There are two methods for making a tire punc¬ 
ture proof: 

The steel disc type of puncture proof tire fig. 4 
consists of three layers of vie" diameter steel discs 
about thick, imbedded in rubber between the 

fabric and tread of tire. The layers of discs are 
placed in such a manner that it is impossible for 
a nail to enter the tread of tire without striking a 
disc. This tire is called the Lee puncture proof tire. 

The leather lined puncture-proof tire consists of 
a special made tire on the Inside of which is a 
puncture-proof strip of chrome leather which is in¬ 
tended to prevent puncture* wthcut stiffening the 



Lee puncture proof tire. 


Fig. 5. 


proof tire. 

Another example is the outer leather cover made 
of water-proof chrome leather studded on the tread 
surface with steel rivets. These covers completely en¬ 
close the tire and are attached to the rim. per fig. 5. 
The manufacturer claims they are particularly 
valuable to use over old tires or re-tread and 
strengthen them and also valuable to people who 
have to run over roads that are rough, rutty and 
rocky, and who travel at less than 25 miles per 
hour. - . 

Spring Covers. 

Fig. 0. Woodworth spring cover and lubricator 

laces over the spring, preventing any danger of 
moisture or dirt getting between the leaves. Ihe 
~ “ cover is lined with a 

felt wicking which is 
saturated with oil 
before the cover is 
I put on and will hold 
enough oil to lubri¬ 
cate the springs for 
10.000 miles. The 
smooth gliding effect 
is obtained which, is 
so noticeable in a 
new car with per- 
f e c 11 y lubricated 
springs. 



CHART NO. 236-E—The Cord Tire. Tire Protectors. Spring Lubricator. 
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Either twisted links or straight link chains 
may be used on solid tires as shown. Should be 
applied at 4 points on each rear wheel. They 
should be removed when not required. Illus¬ 
tration, below to left, is where clearance will not 
allow chain on inside tire (Qen’l Vehicle Co.). 


Woodworth chain grip. 


Chains for Solid Tires. 

Chains are essential for grip* 

S ing the road, snow, ice. etc. 

everal methods of applying 
chains and grips are ahown oa 
this page. The Woodworth Co^ 
Niagara Falls, N. Y. manufac¬ 
ture a good chain grip for 
solid tires as shown below. 


♦Solid Tire 
Repairing. 

The solid tire css- 
not be successfully 
vulcanized. There¬ 
fore the only re¬ 
course is to run ths 
tire as long as pos¬ 
sible. The solid tire 
business of applying 
tires and rims is s 
profitable business. 


Fig. 1.—Side wire solid 
tire. The original automobile 
tire, now used on light 
trucks, trailers, cabs, horse- 
drawn vehicles, etc. 


Fig. 3.—The hard base tire on 

removable rim. 


Fig. 2.—The bard base 
pressed-on type of solid tire. 


Fig. 7.—Firestone dual pneumatic 
tires on quick-detachable rims used on 
heavy cars of high speed. 


Fig. 4. — The Firestone 
“Giant” is a tire designed 
especially for heavy hauling. 
Made in 8 in. 10 in., 12 in. and 
14 in. width treads. It replaces 
dual equipment for certain 
classes of heavy service. The 
tread is grooved. 


Fig. 11.—Goodyear dual 
demountable solid tire. 


Fig. 5. — Firestone clincher cnsblas a 
interchangeable with pneumatic tifea 
regular clincher rims. 


Solid Tires. 

Solid tires are used pc* 

cipally on tracks and ; 
trie vehicles, and an 
vlded into two rlsnsos, is 
follows: single and 

The single solid ttn * 
fitted on different types «f 
rims. On one type tke 
tire is pressed on to tbe 
rim as in fig. 2—in aaetfew 
the rira is of the quick-de¬ 
tachable type (fig. 3). sad 
in another the rim and tire 
is demountable. 

The dual tire is divided i 
into two classes; the Mock 
type and solid. The moA 
type is made up of i 
If one becomes < 
it can be re placed. 

The solid cushion tins 

are used extensively os elec- • 
trie vehicles. 


Size of Solid Tires to Use. 


SINGLE 

TWIN ( 


Extras* 


lf B|| , | 

8ise 

Londpcr 

Sts* 

Lsed per , 

Inches 

Wheel 

Inches | 

WhMi 


Pounds 


Posed* 

2 

600 


1 

2* 

760 

2* 

l*ft I 

3 

960 

8 

2509 1 

3* 

1376 

3* 

m: * 

4 

1760 

4 

SOOc 

6 

2000 

B 

6000 

6 

3000 

| 6 

SO* 

7 

4000 




HART HO. 236-P—Solid Tiros. Chains or Grips for Solid Tires. 

Solid Tire Troubles are mostly in cuts and bruises which soon causes to wear rapidly—due to—driving is es* 
acks; neglected cuts; chains too tight; out of alignment; skidding; overloading; speeding and bad roads. If 
tins are used—have them loose. 
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1g. 5—Special wedge 

ped and round cast Iron 
g8: The illustration 

>ve shows an Avery cast 
al rim wheel with wedge 
ped and round cast iron 
gu in place of the regu- 
hardwood plugs. In 
■ case the two styles of 
n plugs are placed alter- 
»ely. They can be used 
any manner desired. The wedge-shaped plugs 
» particularly useful and a few of them placed 
a wheel enables it to travel over much softer 
muddier roads than otherwise. 


Fig. 4—Wood plug 
extension rims are 
made in either a 
one or two row 
wood plug extension 
rim. The single row 
rim increases the 
width of the wheel 
to 9 inches and the 
double row to 12 
inches. 



Fig. S—Flat steel extension rims with 
heart shaped lugs: The 6 inch pair of 
these rims placed on the rear wheels in 
crpases the face of each wheel to 12 
inches ; the 12 Inch pair increases the 
face to 18 inches. 



Fig. 6—For coupling on wagons or other machinery to a 
ruck—this coupling is automatic. 

Fig. 2—Automatic paddle wheel extension rims: Automatic 
1 action. They consist of two wrought iron bars between 
rhich are heavy cast lugs 8 inches in width. These lugs are 
lounted on pivots, and the points are held, below the surface 
I the wheel rim by means of springs. When the wheels 
ravel over mnddy roads or soft ground and sink so that the 
loints of the lugs touch the ground, the revolution of the 
rheels causes the lugs to he extended vertically 4 % inches 
tbove the surface of the wheels, forming a solid hearing sur* 
lace against which to push. They are drawn hack by springs 
ind go out of action when not needed, and automatically go 
into action the moment they are required. The lugs can he 
Fastened permanently in an extended position if desired. 



Fig. 2. 


ART NO. 230-G—Tires and Wheels for Heavy Duty Truck and Tractor Work. A Coupling. 

















DYKE’S INSTRUCTION NUMBER FORTY-ONE. 



Fig. 8—Showing a 
compound air pump 
wjth an air pressure 
gauge attached. The 
gauge shows the 
amount of air pres* 
sure in lbs. per 
square inch. 



Fig. 1— Two types 
of hand air pumps. 



Fig. 6—The spark 
plug or Impulse pump, 
as it is sometimes called, 
is of the type which 
screws into a spark plug 
hole and operates through 
the compression of the 
engine. 

1— Inlet valve disc. 

2— Inlet valve body. 

8—Upper piston. 

4—Upper piston nut. 

6— Piston rod. 

7— Stuffing box. 

8— Rod packing. 

9— Rod packing nut. 

12—Ball check valves. 
18—Upper piston pin. 

14—Check valve spring. 
18—Upper cylinder shell. 
10—Lower piston. 

18— Piston cup leather. 

19— Piston rings. 

21— Outlet valve. 

22— Outlet valve spring. 
28—Outlet valve cap. 

24— Cylinder base. 

25— Lower cylinder shell. 

26— Inlet valve seat. 


I [ ~ ^ Hand and Foot Air Pumps 

Fig. 4—A compound hand air pump principle ia thi 
as that employed in a power pump, that is Use air iam 
a in from atmosphere into large cylinder at (H). compawri 

the down stroke of the handle and at the —me tin I 
forced into the smaller cylinder at (P). The uq a 
' V of the pump forces the air from smaller cylinder mm 

\ tire through check valve and hose (OV) and large qfl 

\\ sucks in another charge. While the air admitted wm 

\y % large cylinder is receiving its first compression, it is I 

tc \\ through passage (P) (connecting the two cylnders) mi 

past cup leather (B) into the upper portion of the ■ 
cylinder. The cup leathers (A) and (B) are fitted HI 
v pistons in opposite positions, that is, the leather (A) a 

in with its open side downward and leather (B) has fill 

I side upwards. If both leathers are put in the smu 

the pump will not work. A pump of this kind differs fll 
single sylinder pump, in that each stroke is a power d 
whilst in a single cylinder pump only the down sMk 
power strokes. Keep leather packing washer (trend j 
rod of small cylinder) tight, otherwise the air wff 1 
through here instead of going into the tire. 

Every up stroke of piston (B) forces into tire sa mi 
of air equal to the volume of the large cylinder at MS 
^ pheric pressure. 

The same principle applies for nsing a two-cyliadr, 
compound tire pump instead of a single-cylinder one. aj 
plies in the use of a two-cylinder or compound steaa off 

' There is also another type of compound hand pump on the market «h 
differs with the ^bove, in that it is double acting as well as compeoad —M 

£ istons working in both directions of stroke. While the air ia refwifi 
rst compression, it is lead through a by-pass to upper portion of small cyiti 
instead of the lower. The hose connection is at the bottom instead of at tVS 

The Spark Plug or Impulse Pump. 

Fig. 5—This pump has the appearance of a compound pnmp. dse ts 4 
large and small cylinders, but they are built thus to make it possible ts pff 
the high pressures necessary for large tires, and at the same time mi ft* 
any too good compression in the engine cylinder. The lower piston wixk 1 
large area, receives its impulse from the compression in engine cylinder, td 
transmits it to the upper piston through the medium of the hollow pistes at 
to which both pump pistons are attached. 

Action—.is the engine piston makes its suction stroke, it draws ftafe d 
through valve (1) which opens inwardly, and at the same time, both pas?l» 
tons make their downward stroke. You will note that piston rod (6) is W8* 
this is the air passage to upper cylinder through ball check (12). As fij 
engine piston makes its compression stroke, it forces its charge of cnpsd 
air into the upper cylinder and against lower piston of pump and caaawifc 
make an upward stroke, this piston being so much larger than the iff* 
piston, the charge is further compressed and sent through outlet valve (Ul 
at the top, thence through hose to tires or tank. 

These pumps are very often spoken of, as compound pumps, die t» 
fact that the air pressure is raised in two stages, but don't forget ttatti 
first stage is performed in the engine cylinder and not in the pusap cyBifit 
It is a single stage pump, capable of raising the pressure from 50 or It Is 
in engine cylinder, to 100 lbs. or more in tire or tank. 

It is advisable to let the pump make a few strokes, before attachint fcm 
to tire valve. 

Power Driven Tire Air Compressor. 

(ft Illustration is of the coatprsssw M* 

- outlet valve on Cadillac car. It is bolted to left 

transmission case and driven by • dig 
< =» gear which meshes with reverse idtar (* 

^- - -= ?> cyunoer j n transmission. The sliding tm h 

— inlct value thrown In when needed and out wWaid 

iff if. \ — P ' 4T0N needed, by a lever. 

° tLH<XCCOvg * 5 To operate; stop engine, wiit rtj 

&u 0 so _ transmission gears are idle, tkm d* 

vJSHI’tSi'JJ fc\ gear of compressor in mesh withthf io 

~~Q \ ^ f ^ p/ verse idler gear. Then start esfjjj 

~ / • n f being sure gear shift lever Is is mtm 

rt sJat ;:: : | pfbCT ; JU position. 

/ c= j if : _Run engine at speed of 900 » 1MJ 

/ . \rT- ---- ^— i revolutions per minute. Thi» is 

/ : L _ J y_ \ U l by ammeter showing 16 or 18 tape* 

g=f If ) ^\- " c\\ M third brush is properly refolotede 

^ =aag fc Lf LU em Ac:_generator. Do not race eagias vfaffk 

ot.nc BuiM.sc Bating tires. Throw gear oat sf ■*■ , 

when through pumping tires. Lubricate compressor often. By oborrsf 
illustration the inlet of air is taken in through “inlet valve" In top tfg 
ton, from crank case of pump, when piston travels down. It is eonprffd 
and forced out the “outlet valve" as piston travels np. 


OHABT NO. 237—Air Pumps; Hand and Power Types. 





MISCELLANEOUS DEVICES, 


563 



S -Wissler friction drive air pump— 

i; OP—grooved pulley on pump con- 

rod ; K—bracket bolting pump to 

g tooard; A—air intake; P— piston; 
natment of tenaion of OP to T. The 
heel ia jacked up—engine run on low or 
i sc ear. (Wissler Inat. Co.. St. Louis.) 



Illustrating how 
the connection from 
air pnmp (driven 
from engine spark 
plug or friction 
pump) to tire is 
nade. The air hose 
is detachable and 
usually carried under 
the seat. 

Figs. 1 and 2 illus¬ 
trate large . hose 
couplings for garage 
use. 
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Air Compressors. 

•A portable air compressor 
outfit is here shown; and can 
be moved to different parts of 
the garage. 

The attachment plug is 
screwed into a lamp socket 
which operates the electric 
motor. This operates the air 
compressor which stores air 
into the tank. The advantages 
are apparent. 

Compressed air for cleaning 

the upholstering is used in 
many up-to-date garages and 
with special connections and a 
vacuum tank the work is ren¬ 
dered easy and done quickly. 

•Other electric equipments 
for the shop are; electric vul¬ 
canize™, portable electric drills, 
portable grinding and polishing 


Air hose for compressed air 
garage work must be heavy and 
comes in 6 ply. Sise % inch 
(inside measurement). 

For hand and portable pumps. 
3/16 inch, 3 ply; 3/16, 6 ply. 


••How to Determine Speed and Size Pulley to 
Use for Driving Air Compressors. 


ia speeds at which air compressors should op- 

I is of importance and is determined by the 
i of pulleys. It should be remembered that 
larger the driving pulley, the faster the com- 
sor, (having a given sise pulley) will be driven 
vice versa. We give here the method of de- 
lining the pulley sizes and speeds under differ- 
conditions: 

rhen compressor is driven direct from electric 
sr a 3 in. pulley should be used on the motor 
teep the pulley on the compressor as small as 
Able. To determine the sise of compressor pul- 
multiply the speed of the motor by the diame- 
of motor pulley and divide the result by the 
iber of revolutions of the compressor: 

(Sample—what sise compressor pulley is re- 
red to drive an air compressor at 840 r. p. m. 
set from an electric motor having a 8 inch pul- 
and running at 1700 r. p. m. 1700X3 = 5100 
40 = 15 inch pulley on compressor. 

Vhan it is desired to drive a*compressor from 
wtor by means of a countershaft; to ascertain the 
i of countershaft pulleys, multiply the speed of the 
tor by the diameter of its pulley and divide by 
desired speed of the countershaft, this gives 
sise of the driven pulley on the countershaft, 
m multiply the recommended speed of the com- 
esor I t the diameter of its pulley and divide the 
nit by the speed of the countershaft for the size 
its driving pulley. 


Example—It is desired to drive an air compres¬ 
sor, having a 9 inch pulley, at 350 r. p. m. by a 
motor having a 3 in. pulley and a speed of 1700 
r. p. m. /The compressor cannot be driven direct 
from the motor and a countershaft must be used. 
What size pulleys must the countershaft have? 

1700X3 = 5100-7-425 (speed of countershaft) = 
12 in. Sise of driving pulley. 350X9 = 8160 
— 425 (speed of countershaft) =7.4 in. The near¬ 
est commercial pulley is 8 in. Therefore an 8 
in. driving pulley is used on countershaft. 

When countershaft runs the same speed as com¬ 
pressor, then the pulley on compressor and drive 
pulley on countershaft, must be the same diameter, 
irrespective of what that diameter is, any where 
from 3 inches to 3 feet. 

When an air compressor is driven from a line 
shaft without a countershaft and the else of driv¬ 
ing pulley is required, multiply the speed of the 
compressor by the diameter of its pulley and di¬ 
vide by the speed of the line shaft. 

Example—an air compressor having a 9 in. 
pulley is to be driven at 850 r. p. m. from a line 
of shafting having a speed of 450 r. p. m. What 
size pulley must be used on the line shaft! 850X 
9 = 81504-450 = 7 in. Sise of driving pulley on 
line shaft, (see also page 617.) 


EtT NO. 287-A—Various Uses of Air Compressors. How to Determine Sise of Pulley to Use 
for Driving Air Compressors. Many Uses of Electric Current in Shop and Garage. 

e Bmnner Mfg. Co., Utica, N. Y. for catalog of portable and other types of Air Compressors. **8ee 
psge 617. 
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♦♦Power Air Compressors For Shop Use. 

Belt Driven Oarage Outfit No. 2. 

For garages housing 15 to 20 can and 


for vulcanizing shops. 

1—No. 100 belt driven compressor, 8" T. 

& L. Pulleys*.$ 18.00 

1—20 Gal. 14" x 30" Galvanised Air Tank 11.0$ 

1—Model “B” Air Gauge. 2.04 

1—No. 75 Vertical Check Valve. 1-25 

1—No. 72 Safety Valve for Air Tank. 2.00 

l—No. 83—%" Needle Valve. 125 

1—No. 83—%" Needle Valve. 1.25 

1—No. 82—%" Needle Valve with Swivel. 1.54 

1—Tire connection and 25' hose. 5.04 


$ 43 25 

Electric Motor Driven Oarage Outfit No. 7. 



Belt driven 
comp ressQF 

shown above. 

Bloc trie 
motor driven 

M ow, 


For garages housing 20 to 25 cars and for 
vulcanising shops. 


1—No. 41 Motor Driven Compressor, 110 or 

220 V. 60 Cy. A. C.$ 95.00 

1—24 Gal. 14" x 36" Galvanized Air Tank 12.00 

l—Model “B” Air Gauge. 2.00 

1—No. 75 Vertical Check Valve. 1.25 

1—No. 72 Safety Calve for Air Tank. 2.O0 

1—No. 83—%" Needle Valve . 1.25 

1—No. 83—%" Needle Valve . 1.23 

1—%" Needle Valve with Swivel Connection 1.50 

1—Tire connection and 25' hose. 5.00 


Size Tank To Use. 


$121.25 


Tii<ik L M fissure given, will inflate 35x4% tires 


Tank 

Size 

200 lbs. 

180 lbs. 

160 lbs. 

140 lbs. 

20 gal. 

mso 

4 Tires 

3 Tires 

2 Tires 

1% Ores 

32 

1^x86 

6 “ 

5 ** 

4 “ 

3 

*0 " 

10x48 

9 *’ 

8 ’* 

6 “ 

4 

50 " 

16x60 

12 “ 

10 ** 

8 M 

6 

fi5 '* 

8x60 

15 “ 

13 “ 

10 *’ 

8 

80 “ 

18x72 

19 ** 

i7 “ 

13 *• 

10 


to 85 lbs. as 
shown’ ia 
table. 

After inflstin; 
tires of tbi« 
size, each will 
have from 89 
to 90 lbs. left 
with which ve 
inflate several 
smaller tires 


Construction of a Fabric Tire. 

The carcass, which is the strength of the tire, is built up by placing several layers (4 to 7) of closely 
M-oven cotton fabric on a mandrel or core shaped like the inside of tire. The carcass is dependent upon 
the tread, cushion and breaker for protection. 

Cotton fabric is used because it is flexible, easily permeated with rubber and best resists heat. If toe 
many layers of fibric were used, it would thicken the carcass, causing it to be stiff, less flexible and inside 
plies would break easily and heat would be difficult to expel. Heat has a tendency to loosen the 4i fric~ 
tioning’* between the fabric plies. 

The tire assembly is as follows: (1) One layer or ply of fabric is placed over core. 

(2) Bead is formed by placing the lower edge of fabric around the bead form; hard rubber is used to 
form bead of a clincher tire and small wires for straight side tires. 

13 ) Other layers or plies of fabric are placed, one over the other, but before doing so. rubber is infused by 
pressure, into and betve.n each layer or ply of fabric which impregnates the fabric thoroughly; thj 

is called “frictioning.” (4) A cuahion of V*" soft gum rubber is placed over the fabric carcass. 

(5) Breaker-strip is then placed over the cushion. It is 

made of coarse loose «oven fabric and it serves to ward off 
attacks of shnrp objects that may penetrate the tread. Whm 
a tire wears through the tread, the “breaker” is exposed 
ifi) A chaffing strip, consisting of a strip of fabric about 2" 
wide, is applied to edge of and above bead. 

(7) Then the side walls, made of tfiin tough rubber (made this 
to expel heat) is applied. 

(8) The tread, made of thick tough rubber is applied last. 

(:)) Then t’re on forming core, is placed in an iron mold divided 

into halves (see fig. 28). The part U, of this mold i> 

placed over the part L. covering tire and fastened. 

(10) Thtf mold with tire is then placed in a cylindrical tank or 
kettle, or hydraulic pre$s vulcanizer and open cured.*** 

(11) Live steam is turned into this tank at a pressure of 50 te 
60 lbs., which corresponds 
to about 300° F. This 
tank holds from 25 to 30 
tires. 

(12) After curing, tire is placed 
in storage to “after cure.’’ 

DHAKT NO. 237-B—Power Driven Air Compressor Outfits for Shop Use— see pages 563 and 61T 

tow to figure size pulley to use to drive compressor. Construction of a Fabric Tire. 

★One tight and one loose pulley. **Above Air Compressor Outfits mfgd. by Brunner Mfg. Co., Utica.. N T 
write for catalogue. Prices quoted above not guaranteed. Subject to market conditions. 

"♦♦Cured, means vulcanizing: open cured, is process where live steam comes in contact with the raw rubber; ft 
cure, is where steam is not in direct contact: uncured, is raw unvulcanized rubber. 
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INSTRUCTION No. 42. 


TIRE REPAIRING: Construction. Tire Troubles; cause and 
remedy. Inner Tube Troubles; cause and remedy. Care of 
Tires. Vulcanizing Methods. Address of Tire Manufacturers. 


Construction of 

There are two kinds of pneumatic tire 
constructions: the “fabric,” and the 
“cord” construction. 

In the fabric construction the carcass is 
made of closely woven, and interwoven cot¬ 
ton fabric, see page 564, fig. 12. 

In the cord construction, the carcass is 
made of loosely woven cords and not inter* 
woven, see page 559. 

The fabric carcass type of tire can be 
constructed by two methods; the “ full- 
molded” method and the “wrapped’/ 
method. 

The full molded method is constructed as 
explained on page 564. It is built up on 
an iron core or mandrel and is then placed 
in a mold (fig. 28), which in turn is placed 
in a hydraulic press vuleanizer, the object 
of the press being to close the halves, L and 
U of the molds tightly. With a full mold¬ 
ed type tire, the entire construction is cured 
or vulcanized complete at one operation. 

With the wrapped tread method, the fab¬ 
ric carcass, side walls, cushion and breaker- 
strip are formed or built up in the same 
manner as a molded tire, but is semi-cured 
(half cured) in this mold. After this semi- 
cure operation it is removed from the molds 
(fig. 28), and the part where tread goes^is 
buffed off and cemented with several coats 
of high grade vulcanizing cement. A semi- 
cured tread is then treated with several 
coats of vulcanizing cement and allowed to 
dry, after which tread is applied to carcass 

**Car© 

Proper Inflation. Keep tires inflated to pressure 
recommended by the maker. Nothing ruins a tire 
so quickly as running it so soft that the canvas 
continually bends. It is almost impossible to over¬ 
inflate a tire with a hand pump. 

Sunning a flat tire, even a short distance, is 
sure to be costly. Better run on the rim, very 
slowly and carefully, if imperatively necessary, 
and the distance is short. 

Keep grease and oil away from your tires and 
tubes always. They destroy rubber. 

Speedy deflation demnn-ls instant attention. 
Carry an extra casing and inner tube. 

Don’t let weight rest on deflated tires even over 
night. 

Equalising traction: It i* in**.r***tn t timi tires 
of the same diameter be used on the rear wheels. 
Furthermore, special trends ami 'In »» Omni,! he 
used in pairs. If there is a variation in the diame¬ 
ter of the rear tires or in the traction of the 
wheels, the differential is caused to work when¬ 
ever the car is in motion. In this way, consid¬ 
erable power is lost and the differential parts sre 
unnecessarily worn. 


Pneumatic Tires 

and rolled down under pressure to remove 
all air. 

An air bag is then placed inside of the 
tire and entire tire is wrapped tightly with 
canvas cloth strips about 2 in. wide, then 
instead of putting back in the mold (fig. 
28), where it was semi-cured, it is placed 
in a horizontal vulcanizer (large kettle) and 
the final cure (vulcanize) with live steam 
is given, after which the tire is left stand¬ 
ing until cooled and then canvas strips are 
removed ami tire is then laid away for a. 
few weeks to “after cure.” 

A wrapped tread tire can always be distin¬ 
guished by the slightly roughened surface, which 
is the impression from the cloth wrapping. 

The advantage of the wrapped tread construc¬ 
tion is the possibility of detecting if there arc 
defects in the tire, as pinches or buckles, which 
can be determined before tread is applied, which 
enables the manufacturer to turn out a perfect tire. 
This type of tire is more expensive to manu¬ 
facture. 

The rubber used in making the tread and cush¬ 
ion stock of a tire consists of a gummy substance 
obtained from the milky juice of certain tropical 
trees, mixed with aulphur to tend to harden it 
and give it strength. When heated, it changes 
from a sticky mass resembling chewing gum, to 
the elastic form in which we see it in a com¬ 
pleted tire. 

The beat rubber Is called Para, which comes 
from the city of Para, near the mouth of the 
Amazon river. Other good rubber comes from 
Africa, India, Ceylon, So. America. 

The white dust often seen on rubber goods is 
called * ‘bloom”* and is due to the sulphur in the 
rubber not chemically combined with it. Old 
tires in stock a long time accumulate considerable 
bloom and get hard. 

of Tires. 

•Alignment of wheels: It is very important 
that the wheels are in alignment, if out of line, 
the tire treads will wear, in a very short while. 
As usual in this case, the tire Manufacturer will 
not guarantee or rebate, on a tire tread ruined b> 
wheels being out of line—see “alignment of the 
wheels." chart 279. and index. 

Side skidding and rounding corners rapidly 
will cause rim cutting. 

AvoM rnniiln* in the street car tracks. It is 
very detrimental to the tires. 

Do not drive in the ruts or bump the side of 
the tires against the curbing or pavements, and 
don’t start your machine with a jump. 

If one of yonr tires sustains a ent to the ex¬ 
tent of exposing the fabric, an emergency band or 
patch should be applied at once. 

Keep an odometer record of the mileage of 
each tire. You will find that you are getting bet¬ 
ter mileage than you would otherwise imagine. 

Keep rims in good order, straight and true. 
Rust is destructive. Paint preserves. 


•Wheels running over a fraction of an inch out of alignment cause a grinding wear on the rubber 
Front wheels suffer rao«t 

**A useful and valuable booklet “Care and Repair of Tires.” issued by The Firestone Tire Co., 
Akron, Ohio, will be «ent free on request, by writing this firm. A good deal of beneficial informa¬ 
tion is contained therein, nhn write B. F. Good-irh Co., Akron, Ohio. 
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The rims, if rusted, should be thoroughly 
cleaned and sandpapered, then painted with liquid 
graphite (common stove polish will answer). 
Also apply to bead of tire. 

Inner tubes. Carry them in the coolest part of 
the car away from oil cans, and tools. The best 
protection* is a soft bag, well dusted with soap¬ 
stone. in which the carefully folded tubes are put. 
See chart 238— how to fold an inner tube. 

Unless some pressure is retained however, the 
tube will have a tendency to crack when again 
inflated, if le/t folded for a long time. 

Before * ‘stabling’’ your car at night examine 
your tires and remove small pieces of glass, little 
nails, etc., that may have become lodged in the 
rubber. Next day they are apt to work their 


NUMBER FORTY-TWO. 

way through and cause a puncture. 

Spare tires should be kept in a place where 
. They are not subjected to light, heat, or rapid 
changes in temperature. 

Nothing will wear a tire faster than sudden 
locking of the rear wheels and turning corners at 
considerable speed. Use your brakes with judg¬ 
ment and turn corners slowly. 

Never allow a tire to wear until the canvas 
fabric becomes injured, because the w'all of the 
tire is apt to become too th.n to prevent the 
pressure of the inner tube from bursting through 
the weak portion. Remember that the strength 
of the tire is in the fabric. The rubber is merely 
a binder which unites the various layers of fabric 
and forms a covering over the whole. 


Tire Troubles; Causes and Remedy. 

Some Of the tire troubles are; stone- is loose about 1/3 of the wny, in this instance a 
bruises, loose treads, sand-blisters, worn- ‘™?. d “, U6 l, be 

, 3 . 7 x carcass is not cut—if so, repair it first—and pro¬ 

treads, chaffed tires, rim-cuts, punctures, viding layers or plies of fabric in the carcass are 
cuts clear through carcass, blow-outs. solid and are not separated. 


Stone bruises are caused by tire striking 
a stone at a high rate of speed resulting 
in one are all layers of 
fabric breaking, yet tread 
may not even be cut. 
Inner tube works into 
this break and a blow¬ 
out, per fig. 4, page 567, 
results. Tires have been 
known to blow-out while 
standing in the garage 
due to stone bruise. Ex¬ 
amine tires when off rim 
and feel of the fabric, 
inch by inch for a weak 
spot, or if break is clear 
through, you can see it, per fig. 5. 

A temporary repair can be made by using “in¬ 
ner” and “outer” shoes, per page 568, but it 
is advisable to repair as per page 575, as a blow¬ 
out may occur even with this “inner shoe” cov¬ 
ering the weak spot. 

The cord tire is not subject to stone 
bruises because the cords are not inter¬ 


tire and 

instead of breaking, they give. 

Sand-blisters are caused by a small hole 
or cut in tread through which sand and dirt 
work under the tire causing it to pucker up 
and will result in a loose tread if not closed 
up. The hole through which the sard 
worked into and under tread may be several 
inches away. Close it up with a plastic 
substance called 11 tire dough 7 3 or vulcanize 
it. See page 570; * 1 sand-blister repair.” 

Loose treads result from running a tire 
not properly inflated, or from moisture get¬ 
ting under tread through a cut in the tread, 
or from a defect in the tire where the rub- 
compound is poor and does not adhere. 

_OOH trMili Pin ha nnlaaa ihn 





The molded type of tire is more subject to 
loose treads than the wrapped tread construction. 

Worn treads in center, or slightly to the 
side of tire, usually result from driving 
in street car tracks, wheels being out of 
line (usually on the front), due to steering 
knuckles bent or steering apparatus out of 
order. See page 683. 

Chaffed tires, usually worn on the side, 
result from driving close to curbstones, in 
street car tracks, ruts, etc. This permits 
water to rot the fabric. Repair by re¬ 
building the side walls and vulcanize. 

Rim cuts are due to running tire flat 
after a puncture, or running on the rim 
which damages the curve in rim and which 
cuts the tire at the rim just above the 
bead. Improper inflation is also a common 
cause, this permits the edge of the rim to 
cut the bead when deflated tire receives a 
heavy jar. Rim cuts can be repaired if cut 
in only two or three short places, but if 
cut at sections all around tire, then it can¬ 
not be repaired. 

Punctures through tread and carcass, if 
small, will not cause damage to carcass but 
the tread should be closed by vulcanizing 
with the small vulcanizer while tire is in¬ 
flated on car, or some kind of plastic mate¬ 
rial as * * tire dough” stuffed into it to keep 
water and sand out. 

Where tires are cut through the carcass, 
this can be repaired if cut does not extend 
too long and the plies of fabric are not 
separated. It is repaired the same as a 
blow-out repair, page 575. 

Retreading. 

Betreading: It is no easy matter to form a 
correct judgment about any tire with regard to 
retreading. In some instances a tire case may ap¬ 
pear to be sound and yet prove to have stone 
bruises in the carcass on inside examination, or 
the layers of fabric may be separated from each 
other. On the other hand, there are undoubtedly 
covers condemned because of local damages, which 
properly examined, would prove worthy of re¬ 
treading. 

The age of the tire and condition of fabric and 
cost of retread will determine if worth while to 
retread. The strength of the tire is in the carcass. 
Tiie rubber tread is merely a protection. 

Therefore the condition of the carcaae must be 
determined when deciding as to retreading. 
There are three conditions to note; (1) —is the 
carcass badly cut in several places—if so. don’t 
retread or repair; (2)—are all the layers of fabric 
of carcass together and not separated; sometimes 
These fabric layers separate and pucker up due 
to improper adhesion in manufacture, or water 
petting under tread and into the carcass; (3)— 
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Blow-Outs. 


Greatest tire trouble—blow outs. A blow 
out is simply a hole blown through the car- 



Fig. 4—When a blow Fig. 5—The tire is 

out occurs it always made thin here for a 

leaves a weak spot. purpose. 


cass or fabric. There are two classes of 
blow outs; those occurring near the rim and 
those in the tread or on the side. 

We will designate the first mentioned as 
a “rim blow out/' and the latter as a 
4 ‘tread blow out." Wherever a blow out 
occurs, that spot always remains weak, be¬ 
cause the fabric can never be joined again, 
but can be repaired, see page 566. 

Cause of rim blow outs: A tire is made 
thin at the point shown in the illustration 
(fig. 5), near the rim, for a purpose. Very 
nearly all the “bend” and “give” is at 
this point. If it was made thick and heavy, 
it would break; therefore, it must be thin 
and flexible. 

If you wore to take a wire and bend It quick 
and often it would get hot and break —same with 
this lending point of the tire near the bead— 
especially if the tire is not properly inflated. 

Cause of Inside breaks In fabric are due 

to stone-bruises and running tire improp¬ 
erly inflated—see page 566. 

If yon were to take a deck of cards and bend 
them hack and forth, it would be noticed that the 
bottom cards would receive most of the sawing 

strain —just so with the several plies of fabric 
when tire is not properly inflated. 


Therefore keep tire Inflated and many 
of the tire troubles will be avoided. 

A tire may look sufficiently inflated and yet 
have only 40 pounds of air in it, when it should 
have seventy. No amount of kicking, feeling or 
looking will tell; the only sure way to tell is 
to have a reliable air gauge—see fig. 14, page 568. 

Cause of tread blow outs are due to cuts 
on tread and stone-bruises. Cuts and jabs 
ou the tread of tires permit dampness, oil 
or dust to get between the rubber and the 
fabric, which soon rots and weakens it. 

Inasmuch as the fabric must sustain the 
air pressure, a weak place in the fabric 
is enlarged by the pressure and a blow out 
is the result—and once a, blow out occurs, 
it can never be repaired so that it will be 
strong as it was at first. 

Therefore repair cuts In the tread and 
examine tires for internal fabric cuts caused 
by stone-bruises, when tire is off wheel. 

External cuts in the tread can be vulcan¬ 
ized while Inflated and on wheel— with the 
small vulcanizer shown on pages 570, 573, 

A temporary repair of a blow out or an 
Internal fabric cut, or weak places in the 
carcass can be temporarily protected by in¬ 
serting an Inner shoe between inner tube 
and carcass and an outer-shoe over the 
tread, per fig. 11 and 9, page 568. The 
defect should be repaired as soon as pos¬ 
sible however, as a cut in the fabric will 
soon work larger and cause a blow out from 
rim to rim. 

*How to get additional mileage or serv¬ 
ice out of old tires: Very near every motor¬ 
ist has one or more old tires which is of 
no use. Many will be interested in know¬ 
ing that these old tires can be made serv¬ 
iceable again by placing inner shoes inside 
of the tire, covering the weak spots or holes 
and then placing reliners inside of the tire 
over those reinforced places (see fig. 17, 
page 568). 


**Inner Tube Repairs—Causes of Trouble. 


Punctures may result from a puncture 
through tire from outside, or it may result 
from rough places inside of case, as soap¬ 
stone balls, etc.—(see page 569), or from 
tube being pinched. 

Tube pinching. Referring to the most 
common causes of damage to inner tubes, 
attention is called to the manner in which 
many tubes are pinched beneath the bead 
of tire or beneath the staybolts—(see fig. 
1, page 568, also “stone-bruises,” page 
566). 

The valve may leak. It sometimes hap¬ 
pens that a tire becomes deflated because 
of a leaking valve, and the condition may 


easily be supposed to be due to a puncture. 
If no visible sign that the tire has been 
penetrated is discovered, put a few drops 
of water in the valve stem. Bubbles will 
indicate a leak, or the valve can be tested 
as shown in fig. 3, page 568. 

If such is the case, the valve parts should 
be tightened with the notched cap (B) of 
the valve stem inserted in the valve and 
used as a wrench. (See fig. 2, page 568). 

If this does not remedy the trouble, en¬ 
tire new valve parts (A) page 550 should 
be put in place. Every repair kit is sup¬ 
plied with them and they should be kept in 
the kit constantly, as well as caps (B). 


Method of Repairing Inner Tube. 


In this case the inner tube is supposed 
to be punctured, but the casing practically 
uninjured, as in the case of puncture by a 
nail or tack. 

First of all, satisfy yourself that the tack 
or nail is not sticking in the casing, for 


if it is, your repaired tube will be punc¬ 
tured again before you have gone 1,000 
feet. Having done this, the inner tube 
may be removed (wholly or in part, as may 
be necessary) and either repaired or re¬ 
placed. 


♦Relinprs should never be placed in new tires. They are detrimental to tire and tube and are used 
only for old tires ready to throw away or where additional mileage is desired. **See page 574 for 
prices usually charged for inner tube repair work. 
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Fig. 11—Inner shoe, to go on inside of 
tire to protect fabric cuts, breaks or weak 
places due to small blow outs or stone- 
bruises or rough spots and also a pro¬ 
tection to rim cuts. Made of 3-ply fabric 
with wings, to go under the rim. 



Fig. Id—Insert an inner shoe 
for small blowouts or weak 
places in tires. 

Fig. 17—For bad cuts or 
large blow outs, or when using 
an old or worn out tire. First 
insert inner shoes over the 
holes, then rellner in inside of 
tire as shown. 

Reliners are hard on inner 
tubes and are not advisable to 
use in new tires—only for tem¬ 
porary repair of old tires. 
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Fig. 12.—A set of tire tools 
suitable for attaching and de¬ 
taching * 'clincher'* tires on 
one-piece rims. In addition to 
these tools a good heavy ham¬ 
mer and a reliable jack, come 
in handy as well. 
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Figs. 9, 9A—Outer shoe, to be placed 
temporarily on outside of tire when cut 
or damaged until vulcanized. Note lower' 
part fits under rim for clincher, and un¬ 
der tire for straight side. Call for this 
type. 




Fig. 2—To remove 
valve** when tube is to be de¬ 
flated—use notched end of 
“valve cap** B. 

Fig. 4—To test inner-tube 
for leak; partially inflate tube 
and place in pan of water; air 
bubbles will appear at leak. 
Mark leaks with indelible pen¬ 
cil. 8ee page 785, fig. 20 for 
a testing tank for shop. 

•Fig. 3—To tost inner- 
valve for leak; inflate 
tube; place end of valve, 
with valve-cap removed, 
in glass of water—if 
bubbles appear inner- 
valve leaks. Put in a 
new one. 

Pi K 3 Pig. 6. Fig. 5 — Four-in-one 

valve tool; die for re¬ 
cutting threads for valve cap; tap for inner-valve threads; 
inner valve remover. 



How to oper¬ 
ate the Good- 
rich tire 
gauge: Set the 
movable arm 
at the point 
where the cal¬ 
iper will just 
fit over the 
tire at the top. 
Note the point 
of register on 
“size scale of 
tire" and move the arm to the corresponding 
mark on “load scale on ground.** 

Now test the tire at the bottom where the 
load rests on it. If the caliper just touches 
the sides the tire is inflated properly. If 
tire is too much flattened to permit the cali¬ 
per to slip over it, inflate the tire until tire 
under load is just as wide as space between 
arms. Above shows tire underinflated. 
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Fig. 1—Showing how the inner-tube may be pinched be¬ 
tween the bead and casing; between the two beads, or bead 
and lug. 


Fig. 14, 


Fig. 14: Twltchell air gage is placed over 
the valve stem and indicates pounds pressure 
in tire. 

Fig. 7, A to F: To fold an inner tube, 
remove ' ‘inner-valve’ ’ per fig. 2, then roll 
slowly per A and B to exclude air. Then 
lay flat and fold per 0, D, E and F. A flan¬ 
nel bag is suitable for carrying extra tubes in. 



Fig. 21—A rack for vul¬ 
canizing different size tubes. 

This device can be used in 
connection with the small 
tnbe vulcanisers. 


Fig. 20—Sometimes in¬ 
ner-valve core becomes bn- 
movable from stem. Dia¬ 
gram explains how to re¬ 
move. 


KART NO. 288—Miscellaneous Tire Repairs and Accessories. Testing Inner Tubes for Hov 

| to Properly Fold an Inner Tube. Tire Air Pressure Gauge. Inner and Outer Shoes. 

k» test base of valve for leak, submerge valve part of tube in water, with tube partially inflated, ner ft*, a. 
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When on the road it Is much simpler to 
put in a new tube; and it is best to have 
always at hand three spare tubes—one for 
the forward and two for the rear tires. An 
inner tube properly vulcanized is as good 
as new, but it is much easier to make the 
repair at home. Do not carry these tubes 
in the tool box where they are liable to 
be bruised or otherwise injured. 

Cementing 

If a cement patch is necessary, owing to the 
absence of a vulcanizer, then proceed as follows: 
Select a patch of the right size; that is, large 
enough to extend three-fourths of an inch or an 
inch beyond the puncture in each direction. 
Wipe off every trace of moisture or bloom and 
roughen with emery cloth the surfaces to be 
joined. Apply two coats of cement to the tube 
surface and to the patch, removing with the 
fingers all superflous cement; the less of it there 
is, the quicker the repair. 

Allow the cement to dry until it adheres strong¬ 
ly to the fingers (five minutes at least will be 
needed), then, and not until then, apply the patch; 
compress strongly and look carefully to see that 
the edges of the patch do not loosen. 

Before putting back the tire, assure yourself 
that the cause of the puncture Is removed, as a 
nail or tack or rough spot inside of casing, else 
tube will puncture again. 

Note.—Never try to join two surfaces while 
they are still damp, for rubber cement joints sre 
of no value unless everything is dry. Never ap¬ 
ply friction fabric to an inner tube, but always 
a patch - of pure caoutchouc. Friction fabric is 
not air-tight. 

Even though a sound tube has been Inserted 
on the road, the punctured tube should be mended 
promptly to be ready for another emergency. 
There is scarcely a limit to the number of re¬ 
pairs a tube will bear, but patches applied with 
cement cannot safely be considered permanent re¬ 
pairs. It Is a paying investment to make vulcan¬ 
ised repairs as opportunities present themselves. 

Inner Tube 

How to carry extra Inner tubes. Deflate 
tube and fold, as shown in fig. 7, chart 238, 
powder the tube with a generous amount 
of talcum powder, then wrap in a piece 
ef canton flannel or cheesecloth and pack 
in a small wood box with a sliding top; 
this will protect tube indefinitely. 

If the car is equipped with smaller tires 
on the front wheels than on the rear wheels, 
carry an extra tube for each size. 

The crons sections of inner tubes are 
made a little smaller than the normal air 
space inside of the cases. It is not, there¬ 
fore, advisable to use a 4% inch tube in 
a 4 inch case. This usually wrinkles and 
creases the rubber, with bad results. Do 
not use a 4 inch tube in a 4^ inch case 
for any length of time. When this is done 
the rubber is required to stretch too much 
and the effect of heat and action due to 
displacement of air in the tire quickly 
uses up the nerve and life of the tube. 

Imbrication is most important to the con¬ 
servation of the tube, but it is a matter 
that is given least attention. Practically 
all tire manufacturers treat the inside of 
cases with a white solution to prevent 
tubes from "sticking tQ the casing, and to 
reduce the frictional wear—a good lubricant, 
however, should also be used. 


There are two methods of repairing an 
Inner tube; by cemetlng a patch over the 
puncture and by vulcanizing. The cement 
patch does not hold and will leak in time; 
therefore, the vulcanizing of the tube, as 
shown in charts 239 and 240, will make 
a permanent repair. The best plan would 
be to insert a new tube and vulcanize the 
damaged one later. 

a Patch. 

When a patch becomes loose. It will sometimes 
happen that a tire will become partially or even 
entirely deflated without apparent cause—that 
is, without any nail or other puncturing instru¬ 
ment being visible. If yon have had experience 
with occurrences of the kind, yon will immediately 
suspect a loosened patch and proceed to verify 
your suspicions. Partly inflate the tire and your 
ear will tell you whereabouts the leak It. Only 
remove as much of the casing as will enable yon 
to conveniently attack the fob. Tou will very 
likely And that, although the air has burrowed a 
small channel between the patch and the tube 
in one place, other portions- of the patch are 
holding on tenaciously. Why an inner tube patch 
does not stick all over alike, is what no one ever 
could understand. 

A drop of gasoline applied with care does won¬ 
ders in persuading the patch to peel off, and af¬ 
terward in cleaning the surface of the tube; but 
do not apply the solution until you have well 
roughened the place with sandpaper. Put the 
old patch away for future use, and apply a fresh 
patch, two coats of solution, spread on thinly, 
and well rubbed in, especially the first (yon can¬ 
not rnb the second coat hard, or the lot peels off); 
squeeze the patch and tube together as hard as 
possible with finger and thumb, beginning in the 
center of the patch and working oat to the edges. 
You may hold a block of wood under the tube and 
beat the patch with a hammer if preferred, but 
go gently. One motorist belabors his patches 
unmercifully and, says they never oomo off. Ju¬ 
dicious beating does no harm, and screwing up in 
the vise between two pieces of wood, and leaving 
all night also works wonders. 

Pointers. 

Some owners neglect dusting soapstone 
inside of the case when changing a tube, 
others use the soapstone so sparingly that 
it does but little, if any, good, or they 
may use so much that it does more harm 
than good. If a quantity of it be dumped 
into the case it will collect at one point, 
and during the hot weather will heat up 
to such an extent as to burn the rubber of 
the tube, making it very thin, brittle snd 
lifeless; this can be recognized by the honey¬ 
combed appearance. Soapstone is the lu¬ 
bricant most used for tires and it is quite 
satisfactory, but not lasting; therefore a 
fresh supply should be put into the tires at 
least two or three times during the season. 
Powdered mica has proven a more durable 
lubricant than soapstone and quite as ef-, 
fective as graphite, as well as more pleasant 
to handle. The lubricant should be ap¬ 
plied with a soft rag and rubbed into the 
pores of the tube, also on the fabric all 
around the case. 

Life of an inner tube—if good rubber, 
should last for two years. As tube grows 
older the rubber becomes bard and porous 
and finally reaches the "past repair” stage, 
which is noticeable by constant slow leaks. 
New tubes are then advisable. 


*A gray inner tube is not colored. The best gray tubes use pure Para gum with sulphur, to give it 
strength. This sulphur causes a “bloom” or white gray dust which gives it the color. 

A red Inner tube uses a dye to give it color and instead of sulphur, antimony is used, which will 
stand a greater amount of heat. Heat causes rubber to harden and crack. Gray tubes stick to cases, 
red tubes will not stick. Therefore, the advantage of a good red tube is in these two points. 
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The tourists gasoline or alcohol 
vulcanizer, vulcanizing the outer 
casing. 



To Vulcanize Tire. 

To prepare casing and patch —thoroughly cleanse 
the cut or tear by using sand paper or a pocket 

knife and wash 
same perfectly 
clean with a rag. 
using gasoline. 
Cleanse a layer 
of v repair {pm 
with gasoline, 
insert it in the 
cut and trim it 
flush with the 
casing. If the in¬ 
jury is void of 
material, then 
build up even 
, . , , . with casing by 

cleaning each layer of repair gum with gasoline 
and firmly pressing into place. 


Clean with gasoline. 



Get all dirt out. then cut old rubbex 
away and give hole another cleaning. 

To apply vulcanizer: Firmly clamp the center of 
the vulcanizer directly over the prepared patch, 
using care to have the patch centrally located against 
the fac,e of the vulcanizer as illustrated. Before 
applying the vulcanizer, the face of same may be 
dusted with soapstone or talcum powder or a 
cake of ordinary soap can be rubbed against it to 
prevent repair gum from sticking. 


To Vulcanize Inner Tube. 

Preparation of tube and patch—to repair a punc¬ 
tured tube. Clean’ the spot around the puncture 
about two inches in diameter with emery paper, 
then wash off clean with gasoline. Cut sufficient 
repair rubber to cover the puncture and dampen 
the surface of the rubber to be applied to tube with 
gasoline, allowing it to dry thoroughly. Then ap¬ 
ply the repair rubber to the tube directly over the 
puncture, as illustrated in fig. 1. 

fi«wt Om 
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To repair a rent, pinched or tom tube— shear 
off damaged part to a beveled edge and follow 
cleaning and washing instructions as above. A 
piece of repair rubber the exact size and shape of 
the hole must be placed in position and another 
piece of repair rubber larger over all than the 
hole must be placed on the damaged part; as 
illustrated in fig. 2. 

Care must be taken that the tube is thoroughly 
cleaned with emery paper and gasoline; and that 
the surface of .the rubber applied to the tube is 
washed with gasoline and allowed to dry. 

To apply vulcanizer —clamp vulcanizer directly 
over the prepared tube and fasten securely and 
uniformly with the thumb screws, being careful to 
have the patch centralized beneath the vulcanizer, 
as illustrated in fig. 3. 

Operation of tourist’s vulcanizer: After prepar¬ 
ing tube as instructed, attach vulcanizer as shown. 
Stand vulcanizer on bench, running-board, or floor. 
Remove the cylindrial lamp, and pour the gasoline 
or alcohol oh it from the measure which is fur¬ 
nished. Insert lamp i#to vulcanizer and light it. 
After lamp goes out, which will be in about ten 
minutes let the vulcanizer cool a few minutes and 
the repair is done. 

When vulcanizixg a casing clamp the vulcanizer 
in place with the chain furnished with it. Hest 
the vulcanizer with the lamp as above. There is no 
exposed blaze and no chance to spill burning fuel 
so that it is perfectly safe to vulcanize a tire while 
inflated on the wheel. 



Fig. 3—Showing inner tube being vulcanized 
and how the gasoline or alcohol heats the vul¬ 
canizer on another type of gasoline vulcanizer. 


* Repairing 

(1) Cut half way around the blister, cutting 
through the rubber to canvas (C) and leave 
rubber attached on 
the side nearest 
tread of tire. Turn 
back the flap (F) 
thus formed and re¬ 
move all dirt; then 
clean and cement as 
directed for casing 
cuts per above. 



Sand Blisters. 

(2) Cut a strip of Para rubber as wide as the rub¬ 
ber on the tire is thick and stick on edge of 
cut (E). Then cut a thin sheet of Pars the 
exact size of the canvas and roll back in 
place and stick it down tightly (P). 

(3) Shows repair after vulcanizing. Be sure to 
vulcanize hole where dirt entered and caused 
the blister, it may be a foot away—vulcanise 
as per instructions for small cuts,—see also 
pages 570, 573. 


CHART NO. 230—A Portable Vulcanizer for Vulcanizing Small Cuts on Tires and Inner Tubes. 

A tire pump Is an excellent bellows for blowing dirt out of a cut for a repair to be vulcanized. A sheet of vexed 
paper should be placed between vulcanizer and tire to prevent sticking to hot iron. 

♦To repair a section of a tire where tread is loose: Cut through the tread, clean under side of tread and canvas 
thoroughly. Apply two or three coats of cement; when dry replace tread, wrap with tape, per fig. 25, page 575 
(this is the wrapped method of vulcanizing)—then cure with inside and outside heaters as instructed tor blow- 
ts. figs. 25, 26, page 575. 
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Valve Spreaders. 

It Is essential that tubes be equipped ference in width and shape may damage 


with valves having the correct type of 
qpreader. See figs. 3, 4 and 6, (L), chart 
235. Fig. 4 and 6 would interchange be¬ 
cause they have angular shaped sides where¬ 
as fig. 3, chart 235 and fig. 1, chart 236-AA 
have curved sides. Most companies have in 
the past furnished tubes with especially 
equipped valves for clincher cases, another 
type for Q. D. clincher cases, and still an¬ 
other type for straight-side cases. The 
elincher valve spreader will not properly 
lock the Q. D. clincher beads on a Q. D. 
clincher rim, nor the straight-side type of 
tire on a straight-side rim. The valve 
equipped with a straight • side spreader 
will lock the beads on a clincher rim or a 
Q. D. clincher rim, but on account of dif- 

Repair < 

Temporary tube repairs can be made by 
the use of cemented or self-curing patches 
which are easily applied. However, as 
patches are unreliable, owing to the fact 
that they often come off when the tire 
heats from running, it is much better to 
make permanent repairs in the first place 
by vulcanizing. 

A small vulcanizer per page 570 and 572 
can be used for vulcanizing inner tubes, 
which is a very simple operation. The 
tube is cleaned around the puncture and 
coated with vulcanizing cement. Then a 
piece of raw rubber, the same as that from 
which tires are made, i* placed over the 
puncture. The vulcanizer is applied as 
shown in the illustrations, chart 239, and 
heat is applied for about fifteen minutes, 
—dependent on the kind of vulcanizer that 
is used, and the thickness of the rubber be¬ 
ing vulcanized, (see also page 572). 

For small cuts, sand blisters, etc. on tires, 
this vulcanizer will also answer, but for 
blow-outs and large cuts in tires a larger 
vulcanizer is necessary, see pages 574, 610. 

By giving cuts on casings a little atten¬ 
tion now and then, tire mileage can easily 
be doubled or trebled. Small cuts, neg¬ 
lected, admit dirt and water to rot in the 
fabric until a blowout occurs that ruins 
both tube and casing. The only sure rem¬ 
edy is vulcanization. See pages 570 and 

♦Motorist’s and 

There are several standard types of motorists' 
▼ulcanisers available. They are designed with a 
▼law to supplying machines that are adapted to 
tho most convenient sources of heat. On the 
road, gasoline is always available, therefore for 
tube work and small casing repairs, a gasoline 
heated vulcanizer is handiest. Where there are 
electric lights, they naturally suggest the cleanest 
and handiest heat. Motorists who have city light¬ 
ing current in their garages prefer the electric 
vulcanizer on account of its convenience and large 
capacity. Most of the work is done at home and 
an electric vulcaniser, which has its heat con¬ 
trolled automatically and maintained as long as 
desired (an essential feature), has the advanu*t» 
that by leaving it on a tire as long as is neces¬ 
sary, the thickest tread repair can be cured clear 
through as well as a superficial repair. Succes¬ 
sive repairs can be made without loss of time 
as vulcanizer can be moved from one to another. 

The charts following will clearly explain the 
method of tire repairing. It is the writer’s in¬ 
tention to deal with the vulcanising subject only 
in hn elementary way. To those interested in 
the tire repair business I would advise writing to 

♦See also page 010. 


fabric of the case. 

The purpose of a spreader is to keep inner 
tube from being pinched at the stem hole in 
the rim, also to act as a protection in case 
dust cap is screwed down too tight, which 
is very often the case and inner tube is 
partly pulled or pinched in rim hole. 

Spreaders are not absolutely necessary, 
but as stated above, they greatly lessen the 
chances of tubes “going bad” around the 
valve stem, before the rest of the tube 
has given all the service that has been 
built into it. 

The difference in the spreaders is neces¬ 
sary, due to the difference in space between 
the beads as they set on the rim. 

if Tires. 

573 for repairing cuts in casings. This can 
be done while tire is on wheel inflated. 

What is Vulcanization? 

It is the process of cooking or curing raw 
Para gum. Exactly as in baking a loaf of 
bread, the best results can only be obtained 
when the proper amount of heat is used. 

The temperature ranges form 250 to 
300°; about 265° being considered best. 

It requires 15 to 20 minutes to vulcanize 
a layer ef Para tV" thick at 265° tempera¬ 
ture and 5 additional minutes for each ad¬ 
ditional 

It is immaterial whether vulcanizer be 
heated by electricity, gas, gasoline or steam. 
The idea is to keep the vulcanizing surface 
at a steady and proper degree of heat. 
See page 574 and 610 for vulcanizing out¬ 
fits, tire repair tools, etc. 

Tire Paint. 

Tire paint for painting the inside and out¬ 
side of tires is mixed as follows to make 1 
gallon: Mix 1 quart of gasoline and 5 lbs. 
of whitening, stirring until thoroughly 
mixed. Add 1 quart of No. 1043 Firestone 
cold patch cement (or any other cold patch 
cement) gradually and stir until mixed. 

The solution is applied with a brush and 
leaves a white surface which will not crack 
due to the elasticity of the cement. 

Shop Vulcanizers. 

O. A. Shaler Co., 22 Jefferson St., Waupun, Wis.. 
for a copy of their very complete book. "How to 
Open a Tire Repair Shop." and "Oare and Re¬ 
pair of Tires." Also Williams Fdry. ft Machine 
Co., Akron, O. 

Addresses of Tire Manufacturers. 

Write for catalogues, yon will gain much in¬ 
formation. Amazon Rubber Co., Akron, Ohio. 
Woodworth Mfg. Corp'n., Niagara Falla, New 
York. Diamond Rubber Co., Akron, Ohio. Fed¬ 
eral Rubber Mfg. Co., Milwaukee, Wis. Fisk 
Rubber Co., Chicopee Falls, Mass. B. F. Good¬ 
rich Co., Akron, Ohio. Goodyear Tire and Rub¬ 
ber Oo., Akron, Ohio. Hood Tire Co., Watertown, 
Mass. Kelly-Springfleld Tire Co., 229 W. 67th 
St., New York, N. Y. Koochook Rubber Oo., 
Kokomo, Indiana. Lee Tire & Rubber Co., Con- 
shokochen. Pa. Michelin Tire Co., Milltown, 
New Jersey. Mogul Tire Co., Granite Bldg., St. 
Louis, Missouri. Pennsylvania Rubber Co., Jean¬ 
nette, Pa. Republic Rubber Oo.. Youngstown. 
Ohio. Rutherford Rubber Oo.. Rutherford. New 
Jersey. Firestone Tire and Rubber Oo., Akron, Ohio. 
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Inner Tube Vulcanizing Repairs. 


Inner Tube Punctures. 

Clean the tube thoroughly with gasoline and 
:oarse sandpaper —see page 570. Cement the 
edges of the hole and apply a thin layer of cement. 
Let the cement dry. 

If a small hole, fill even with the surface of 
the tube with layers of Para rubber cut the size 
of the hole. Cut a patch of Para one-eighth inch 
larger than the hole or puncture and apply over 
same. Then cut another patch % inch larger than 
hole and apply over the first. Cover with waxed 
paper and apply vulcanizer. 



Fig. 1—Repairing tube puncture. 

Edges of punctures or small holes should be 
bevelled with scissors to make a larger uniting sur¬ 
face and provide room for the new material. Re¬ 
pairs of this sort are to be vulcanized for fifteen 
or twenty minutes at 266 degrees. 

Inner Tube Outs and Tears. 

Clean as directed, both inside and outside of 
tube; coat edges of cut and inside and outside of 
tube with cement and let dry. 



Fig. 2—Repairing slit in tube. 

Cut a strip of Para rubber as wide as tube is 
thick, and stick on edge of cut; cut a strip one- 
half inch wide, place inside of tube under tear, 
bring edges of tear together and stick them down to 
this strip. (The use of semi-cured stock for the 
inside patch is preferable, as it obviates the use 
of paper inside the tube). Apply another strip of 
Para rubber, one-half inch wide on the outside of 
the tear. Vulcanize for twenty-five minutes. Cover 
the repair with waxed paper before vulcanizing. 

Blowouts in Tubes. ' 

When mending large, irregular bursts or blow¬ 
outs in which a piece of rubber has been blown out 




Fig. 4—Splicing an inner tube; 

showing tube ready to lap. 



Fig. 4A—Tube after lapping. 


each end. A re¬ 
pair of this sort 
requires a con¬ 
siderable amount 
of cement if no 
Para rubber is 
used because the 
adhesiveness of 
the joint depends 
upon the cement 
alone. A narrow 
strip of Para be¬ 
tween the two tubes 
will add to the 
strength of the joint. 
Butt the open end 
against the folded 
end and telescope 
the latter over it. 
Vulcanize in three 
operations, the fir«t 
twenty minutes’ dur¬ 
ation; the last two, fifteen minutes each. A block 
should b$ used underneath tube, to prevent pinching 
the edges of the tube. Vulcanizer is placed on top. 
Valve Stem Seat Repair. 

Select a good place on the tube, clean a space 
about four by two and one-half inches and cut a 
hole about one-fourth inch in diameter. Remove 
parts from the valve stem and stretch the hole 
iu tube over the base of valve stem. Push the stem 
clear through into the tube. It is to be kept inside 
and away from the repair until after vulcanization. 

Cement entire 
clean surface 
around the hole 
in the usual man¬ 
ner. Cut an oval 
or diamond- 
shaped piece of 
Para about two 
by three inches, 
having hole in 
center to corre¬ 
spond with til** 
hole in the tube 
Roll it down on 
tube so that both 
holes register. 
Cover with a lay¬ 
er of blowout 
canvas of same 
size and shape. 
Cover all with 
another layer of 
Para rubber one- 
quarter inch 
larger all around 
than the first. 
Vulcanize forty 
minutes. Shake 
valve stem on in¬ 
side of tube to 
the vicinity of the 
hole and force it 
through the open¬ 
ing until the base 
rests against the 
inside of the 




Fig. 6—Valve stem scat repair. 



Fig. 7—The electric vulcanizer 
is connected to lamp socket. 


tube, then slip clamp diak (8-T) and spreader (L) 
—fig. 6, page 550—over valve stem and fasten them 
securely with lock nut (P). 

Pointers When Vulcanizing Inner Tube 
With Steam Vulcanizer. 

Time required for vulcanization is determined by 
the depth of the new material inserted, and not 
by the size or area of the repair. The following 
is based upon the maintenance of a uniform steam 
pressure of 45 pounds. 


Fig. 3— Repairing tube blowout. 

of the tube, the best method is to trim down to a 
clean, solid surface, making the hole somewhat 
regular in shape. The hole may be filled with 
layers of Para rubber cut to fit. 

Inner Tube Splicee. 

It often happens that, when a tube is badly torn, 
it is easier to cut out a section and replace it with 
a new piece of tube. In making repairs of this 
kind be very careful not to alter the original length 
of the tube. 

Clean the outside of one end of the tube for 
about four inchee. Fold back the other end, turn¬ 
ing the tube inside out, and clean for the same 
distance. Apply at least three coats of cement to 


If tube is in a very much worn condition, place 
a piece of rubber tubing larger than the pad. under 
the pad, and vulcanize at a lower steam pressure 
and more slowly. With a steam pressure of 45 
pounds: 

For tubes 1-16 in. thick, vulcanize for 7 minutes. 

For tubes 1-12 in. thick, vulcanize for 8 minutes. 

For tubes 1-10 in. thick, vulcanize for 10 minutes. 

For tubes 1- 8 in. thick, vulcanize for 13 minutes. 

How to test a repair —test the part vulcanized by 
pressing the thumb nail into it. If it is responsive 
and elastic to the touch and resembles the rest of 
the tube in this respect, it is perfectly vulcanized. 
If, however, it clearly retains the mark of the nail 
it is under vulcanised and should again be placed 
in the vulcanizer and given a longer heat. It is 
best to add time, not temperature. 


3HART NO. 240—Repairing an Inner Tube with the Shader Electric Vulcanizer. 
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Troubles Which Necessitate Tire Repairs. 

As stated on pages 566, 567, tire troubles are due to external and internal causes./ 


Due to external causes: 

(1) Tread cuts which permit dirt to work under 
tread and cause “loose treads” and “sand- 
blisters.” The moisture also rots the fabric 
and weakens it. . 

(2) Chits clear through tread and carcass. When 
a cut is made through tread and carcass it is 
a perfect cut, but if blown-out the edges are 

ragged. 

(3) Fabric broken and weakened Inside, due to 

striking a stone on tread of tire. 



Fig. 1 Fig. 2 


Due to internal causes: 

(1) Blow-outs are the result of surface or tread 
cuts. The admission of moisture caused fabric 
to rotten and pressure of tube blew through the 
weakened place with a loud report. 

The blowout is also frequently due to a 
“stone-bruise” as explained on page 566. 

(2) Broken back is a serious and common injury 
and is the result of insufficient inflation—see 
page 567. The layers of fabric separate—this 
might be termed a “fabric separation.” 



Fig. » Fig. 4 


Importance of Repairing 

A set of tires should be gone over at least once 
every two weeks and the cuts in the treads of the 
casings sealed up by vulcanising them. This can 
be done with tire inflated and on wheel. In this 
way deterioration of the fabric is prevented and 
the tires will give a mileage three times as great as 
that usually given. 

Figure 1 shows a tire in which there is a small 
cut and a “sand-blister” or pocket. If, not re¬ 
paired at once, sand, dirt and water will be forced 
into it and rot the fabric until it becomes so weak¬ 
ened the inner tube will blow out through it and 
ruin the casing. 

Internal and External Tire : 

There are two methods for reinforcing and build¬ 
ing up tire* for internal repairs; the “wrapped 
tread” method and the “sectional” method. 

With “wrapped tread” method as explained on 
page 575, the tire Is built up or reinforced from 
the inside, y/hereas with the “sectional” method 
it is built up and reinforced from the “outside.” 



Explanation of a Sectional Repair. 

Fig. 8 illustrates how a blow-out is prepared for 
reinforcing and building np by the “sectional” 

method. Note how each layer of fabric is “stepped 
off.” For example, there may be four layers of 
friction duck (canvas fabric) in the carcass. To 
proceed, the tread stock is cut down with knife 
(page 610). The first cut made (fig. 8) goes over 
each bead and all fabric within these limits is re¬ 
moved. The second cut does not go over the bead 
but falls inside and borders the first cut by about 
one inch. This removes two ply of canvas and 
reverse process, or building up, replaces this can¬ 
vas, “breaking joints” as a mason breaks joints in 


\ Slight Cuts on Tires. 

Figures 2 and 3 show the gash being cleaned and 
filled with new, live Para rubber (see also page 
570). 

Figure 4 shows the portable electric vulcanise? in 
place on the tire. Note that it has not been nec¬ 
essary to remove the tire from the rim. The vul- 
canizer is left in the position shown, for thirty 
minutes. 

Above instructions cover tbe external repairs of 

“tread cuts,” “sand-blisters.” slight “loose 
treads.” 

Instructions for repairing blow-outs and internal 
troubles, see below and page 575. 

Repairs —Sectional Method. 

stone or brick setting, and the final layer of fabric 
adds one ply to the original strength. The casing 
is then reinforced with one layer of canvas on the 
inside and the total strength, or four ply, has 
been restored. 

Fig. 9 shows a si do- wall blow-out in the pro¬ 
cess of repair. The same principle of stepping off 
and reinforcing is used, and this “stepping off” 
is one of the most important points to observe in 
making good tire repairs. 

Sectional Vulcanizing. 

The beet method for vulcanising blow-outs or 
rebuilt repairs is with a steam vulcanixer per pages 
574 and 610. 

Where the blow-outs are on tread, after repair¬ 
ing, the tire is placed in the sectional or cavity 
mold (3) fig. 6, page 574 to be vulcanized or cured, 
and is held down by a clamp (C) fig. 30, page 610. 
This vulcanizes both inside and outside. 

Where the blow-out Is on the side-wall, or for a 
rim cut repair, it is necessary to insert an ”air 
bag” per fig. 29, page 574. Then the bead mold 
is placed over tire and entire repair cured at one 
operation. 

Where inside repairs only are cured, or where 
tire is to be dried out before vulcanising, the “in¬ 
side patch vulcanizer,” at (4), fig. 6, page 574 is 
suitable. 


JHART NO. 240-A—Troubles Which Necessitate Tire Repairs. Importance of Repairing Sligb 
hits on Tires. Internal and External Tire Repairs. Example of the Sectional Method of Repair. 

)on’t try to use so called “self-curing” gum or old rubber—it will not vulcanize. 
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DYKE’S INSTRUCTION NUMBER FORTY-TWO. 



Vulc&nizers. 

Steam mlrantno 
are used in the lazf 
er repair shops. Tfc 

steam is generated a 
a boiler from hafl 
produced by almsd 
any fuel which vj 
heat, as wood, rod, 
gas. gasoline. 

Electric Tulcaa 
lzers, per pages 571 
and 610. are suitakU 
for small shops sal 
garages or h o a i 
work and especiaDj 
desirable for inn* 
tube work. 




Example of a Steam Vulcanizing Plant. 
The vulcanizing outfit per fig. 6 consists of: (1) 
boiler; (2) inner tube vulcanizer. The steam 
passes through the iron plate (I T) and part of 
tube to be vulcanized is placed on this plate and 
other part hangs over the rack above it: (3) sec¬ 
tional molds, (C, fig. 6). called cavity molds. Thev 
are used to vulcanize the inside and outside of the 
tire in sections. These molds (C) are made to 
take different size tires. See fi«. 29 and note a 
head mold is placed over 
tire when it is in the cav¬ 
ity mold (C). These bead 
molds are made for clinch¬ 
er or straight side beads. 

The air bag, shown in fig. 

29, is placed in the t* : re 
and blown up to a pres¬ 
sure of about 50 lbs. to 
hold it in shape when be¬ 
ing vulcanized in the cav¬ 
ity mold C, fig. '6. Steam 
passes through the cavity 
mold; (4) *inside patch vulcanizer consists of an 
iron core shaped like the inside of tire, through 
which the steam passes. The tire is placed over 
this core when only inside repairs are being made; 

(6) vulcanizing kettle is used in rebuilding or 
retreading tires—see page 564 explaining the pro¬ 
cess of constructing a tire. This is used only for 
very large shops. 

A small steam vulcanizer using gasoline to gen¬ 
erate steam is shown in fig. 2. Note that instead 
of a cavity mold, as per C, fig. 6. an “outside cas¬ 
ing form” is used for outside vulcanizing, and an 
“inside casing mandrel,” simlar to “inside vul- 
canizer” (4) fig. 6 is used for inside repairs. 

Steam passes through each of these devices. The 
inner tube plate, through which steam passes is 
shown in fig. 2, just above the boiler. 

Prices For Tire Bepair Work. 

Section repairs, two to six inches on tires 3", 

$3.00; 3%". $3.50; 4". $4.00; 4 Vi". $4.75; 5", 

$6.75. When repairs are over 6 inches add from 
$1.25 to $5.50. 

Inner tube repairs; punctures (single) 50c; each 
additional puncture in same tube 25c: blow-out in 
tube, 75c; valve base, 75c; new valve $1.00. 


Taking rim off wheel and replacing 25c. Taking 
casing off rim and replacing 25c. 

Betreading: The different tire manufacturer! 
supply treads which cover the entire tire and price 
varies. This work is seldom done only in largr 
repair shops. 


Fig, 2, £ haler 

steam vulcanizer. 


Example of an Anti-Skid Tread Bepair. 


Should a tire have a non-skid pattern on the 
tread and a section is to be replaced, the wrapped 
tread method as explained in the Shaler instruc¬ 
tion book is as follows: 

Take a piece of canvas (Para coated one side) 
large enough to cover the repair. Apply to coated 
side, three layers of ordinary tread stock. Find 
a good place on tire, dust it with soapstone, and 



apply this “pad” fig. 9, with the raw rubber *id« 
next to tread. Place tire on vulcanizer, wrap t»p^ 
over pad and tire, tighten tape, put on outside 
heater (fig. 2) and cure for half an hour. The pad 
will then have taken an impression of the tresel 
and will be like fig. 9. This may be done while 
you are waiting for the cement to dry on the 
repair. 

When the repair is ready to vulcanize place ped 
over repair, wrap binding tape over it. When 
heated, the original tread pattern will be dupli¬ 
cated.. Save pad for future *use and mark it. 

If it is unnecesary to replace a portion of tk# 
tread, but wish to protect the tread from bdag 
flattened by pressure of tape when curing, simply 
make a thick paste of soapstone and water »»d 
then fill depressions in tread with it before wrappiof 
with the tape. When repair is cured the dried 
soapstone is brushed off and saved for future nse 


IHABT NO. 241—Vulc&nizers For Bepair Shops. See also page 610 for a Tire Repair Outfit 
’ools. Prices to Charge For Tire Bepair Work. Example of an Anti-Skid Tread Bepair. 

Also used for drying out tires when repairing. Tires should be free from all moisture when vulcanUinf- - 
moisture turns to steam when heat is applied and forces fabric layers apart, making a weak repair. 
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Repairing a Blow-Out by the Wrapped Tread Method of Vulcanizing. 


The ‘"sections’.” method, where repair wee built 
up or reinforced from the outside, was explained 

on page 573. With the wrapped tread method, it 
is built up or reinforced from the inside. 

While we speak of blow-out repairs, this also 
covers repairs for cuts through treai and carcass, 
also side-wall and rim repairs. 

When Step Cutting Is Necessary. 

If the fabric immediately around hole is rotten 
and shredded so badly that it Is impracticable to 
work it back Into the repair, then it will be neces¬ 
sary to remov? any loose canvas that may be around 
the blow-out. “step cutting” it out in two or three 
steps, similar to fig. 8, page 573, but from the in¬ 
side. This method however, will rot be required 
once in twenty repairs. 

Cut the steps so that the smallest is at least 2” 
larger in every direction than the hole through the 
tire, and make each succeeding step about 1 Vi " 
larger all around the one below it. 

Coat all over with cement, working the cement 
in between plies of fabric at the ragged edges of 

the damaged part. After first coat has dried for an 
hour or two put on another coat and let it stand 
for several hours—over night if convenient. 

Cut layers of blow-out canvas (Para coated on 
both sides) to fit the steps from which fabric was 
removed and work them thoroughly in place, one 
at a time. Roll from the center to the edges of the 
patch, and if air bubbles form under the canvas 
prick them with an awl and roll them flat. It is 
necessary that the canvas be laid smoothly and that 
perfect contact be secured between the different 
layers. 

Then put on another patch an inch larger a'l 
around than the largest step. Finish with plain 
friction canvas or canvas Para-coated on one side. 
This last layer must be long enough to entirely 
cover the preceding patches and reach to the 
clincher on the outside. Use from four to six 
layers of canvas, depending upon the size of the 
tire and size of the hole through it. 

Reinforcing Without Step Cutting. 

The following method Is where fabric Is not 
rotten and procedure is as follows: 



. Fig- 20: Clean inside of tire about 6" on each 
side of hole. Use gasoline to soften. Scrape un¬ 
til bare canvas is exposed, but do not cut fabric. 



Tig. 21: Apply 2 coats of cement over cleaned 
surface. Let first coat dry % hour before applying 
the second. Cement hole through tire thoroughly. 



Fig. 22: Out first layer of fabric (Para-coated 
both sides) so will extend 1" beyond hole in every 
direction. Roll smoothly 
in place, pricking any 
air bubbles to let air 
escapt. 

Then cut a second 
layer of fabric (Para- 
coated both aides) large 
enough to cover the 
first one and let it ex¬ 
tend an inch over it in 
every direction. 


Then cut a third layer (Para coated both sides) 
1" larger, and place over second layer in same 
manner and roll it down. 


Then cut a fourth layer (Para coated one side) 
1* larger than third layer and apply the Para coated 
side next to .the third 
layer. In large tires 
use 5 layers. After the 
3rd and 4th layers are 
applied the patch will 
look as shown in fig. 23. 

Fig. 23 shows appear¬ 
ance of patch after all 
layers have been applied 

and rolled down. 

Fig. 23. 




Fig. 24: Turn tire 
over and fill gash with 
tread stock ef narrow 
strips and press down 
curefully. No cement is 
necessary. Do not fill 
hole too full. Sprinkle 
inside with soapstone. 



Fig. 25. 


Fig. 25: Place tire 
over the “inside cas¬ 
ing mandrel” (see 
fig. 2, page 574). 
Lay a piece of waxed 
paper over outside 
repair and place 
bead strips along the 
bead as shown, then 
wrap on tape and 
tighten tension of 
hand screws so as 
to pull tire down on 
mold. 



Fig. 26. Apply heat to in¬ 
side and outside simultane¬ 
ously. 



Fig. 27. 


Fig. 26: Place 

“outside casing 
form“ or mold over 
outside repair, apply 
the steam. Cure for 
fifteen minutes, then 
loosen clamp, tighten 
tape. About 50 min¬ 
utes in all is re¬ 
quired. Larger tires 
1 hour at 40 lbs. of 
steam pressure. 

Pig. 27 Shows a 
blowout repair near 
rim. Same. method 
was used, except the 
last layer of fabric is 
brought clear around 
the bead and up out- 
side of tire far 
enough for the bead 
strip to get a good 
grip, then \ise the 
curved side of the 
“outside form” or 
mold for rim work. 


SART NO. 241 -A—Wrapped Tread Method of Repairing a Blow-Out— where repair is built-up o: 
tin forced from the inside. The Shaler Steam Aulcanizer, fig. 2, page 574 is used as an example 

» repair a section of tire where tread Is loose —see foot note. Dae? 570. 
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INSTRUCTION No. 43. 

fDIGEST OF TROUBLES: How to Diagnose or Locate Engine 
Troubles; the Cause and Remedy. Miscellaneous Questions 
Answered. * USEFUL AND INSTRUCTIVE HINTS 
AND SUGGESTIONS. 


Making a 

, Diagnosing automobile troubles requires 
thought and reasoning. If a person under¬ 
stands the principle and construction of 
the various parts of a car and some one 
of the hundreds of troubles occur, then 
simply reason it out; ask yourself what 
the trouble is, what could cause that trouble 
and why. Find if it is ignition, carbure- 
tion, cooling, or just what the trouble is, 
and then figure it out the best you can 
before proceeding. 

Half of the ability to make an adjust¬ 
ment or repair is the ability to discover 
its necessity. A disease known, is half 
cured. Never tinker with the differ¬ 
ent parts of the car, nor labor with the 
starting crank or have the electric starter 
turn the engine over many times, without 
first bringing some little intelligent con- 


Diagnoals. 

sideration to bear upon the question of 
what is most likely to cause the difficulty. 

It is of little use to turn the angina over 
and over by the starting handle or by 
means of the engine starter, in an effort 
to set it going. If the engine will not start 
with a few turns, the chances are that 
there is something radically out of order, 
requiring intelligent attention. With the 
carburetor giving a correct mixture, the 
ignition system affording a hot and effec¬ 
tive spark, and everything else apparently 
all right, it should be as easy to secure an 
explosion on the second stroke as on the 
sixtieth. So if the engine will not start 
with the second or third attempt it is not 
likely to start with three or four hundred 
attempts; consequently it is better to find 
out the trouble than to turn the engine over 
indefinitely and run the battery down. 


Before an Engine will Bun there are Two Essentials. 

Always remember when diagnosing properly lubricated and cooled it will heat, 

troubles that there are two essentials nec- and if too cold, heat must be applied for 


essary before an engine will run. First, 
gasoline; second, a spark. 

The gasoline must reach the inside of 
the cylinders and the spark must be there 
at the proper time to ignite the gas. If 
you have both, something is bound to hap¬ 
pen, even though it is but a single ex¬ 
plosion. 

Next, remember that even though you 
have a spark and gasoline—the engine will 
not run properly if the gas does not enter 
the cylinder at the right time “and stay 
there ’ ’ and be in a proper gaseous form. 

The gas cannot be ignited regularly if 
there is not a good, hot spark at the cor¬ 
rect time. 

Next, remember that if an engine is not 


proper carburetion. (see page 155.) 

Therefore, in summing up the chief 
troubles, we find that most troubles are due 
to ignition, carburetion and lubrication. 

If trouble occurs, first find which of the 
three headings the trouble comes under and 
then reason it out. 

The object of this digest or condensed 
form of troubles and remedies Is to simply 
give you an idea what would likely cause 
certain troubles and what would likely 
remedy them. The reader will then decide 
which one is most likely the trouble and 
if he does not know the meaning of certain 
adjustments called for, then turn to the 
index, find the subject mentioned and read 
up on that subject. 


Reason Out the 'Cause First. 


In dealing with engine troubles one should 
always try to figure out the possible cause 
of a trouble before starting to adjust some¬ 
thing that does not need adjusting. 

An adjustment never should be changed 
without a knowledge of why the change is 
made, the effect the change should have 
and how to restore the mechanism to its 
original adjustment. 

When the possible cause of trouble can 
not be Imagined, then begin with a careful 
examination of all the features of the engine 
that are apt to give rise to the trouble. 

If nothing out of order is found, then 
begin testing out the various features, be¬ 
ginning with the easiest and most accessible 
and thoroughly complete each test before 
starting on another possible cause. 

For example: If your ignition system 


is suspected, the easiest thing to test would 
be the spark plugs, first find the faulty 
plug, then proceed from the spark pings 
to the wiring communicating between the 
plug and the magneto, then examine the 
battery connections, the switch connections 
and, last of all, the adjustments of either 
the coil or magneto. 

Do not examine a spark plug and then 
leave it and try a few carburetor adjust¬ 
ments and later come back for another spell 
of tinkering with the ignition, etc. 

If you suspect the ignition sy stem, go 
to it from beginning to end in a SYSTEMA¬ 
TIC manner before proceeding with the ear 
buretor. And when you have started on the 
carburetion system, stay with it until yon 
have made sure of the operation of every 
feature of it between the engine cylinder 
and the fuel supply. 


*See Instruction* 45 and 46D for Useful Devices for the Repair Rhop and Repair Shop Hinfta. 
tSee page 419 for "Digest of Lighting Troubles.’* Use the Index. 
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Systematic Trouble Hunting. 

By a process of elimination treating with the known quantities. The unknown quantities are dis¬ 
covered by the mere fact that they are what is left. In looking for trouble, it will be desirable to 
take up the unknown quantities in the order of their naming, or in the order of convenience, considering 
a given design of engine, and transfer them to the column of known quantities, ultimately discovering 
the real difficulty. It is a wiser plan to thus proceed, than will be true of a haphazard idea with the 
probability that the real difficulty will escape detection. 


CASE NO. 1. When engine will not run, and 
yon are reasonably certain that: 
the ignition is in working order;* 
the compression is normal; 
the carburetor is working properly; 
tile exhaust valve is tight; 
the inlet valve is tight; 
tbe gasoline supply is adequate; 
tile gasoline pressure is sufficient; 
tile gasoline is free from water; 
tile gasoline supply valve is open; 
tile gasoline piping is not stopped up; 
tile intake manifold is tight; 
til# carburetor control system is not deranged; 
tile cylinder* are properly scavenged; 
the timer is in good order; 
the magneto appears to be in working order. 

Then it stands to reason that one or more of the 
following is the probable cause: 
the gasoline is poor grade or cold and does not 
vaporize readily; 
the timing system is deranged; 
the points of the spark plugs are separated too 
much; 

the wiring is defective, as an open or short circuit; 
the half-time gears have been removed and put 
back out of proper mesh; 

the contacts of the timer are not good, due to weak 
springs, or accumulations of dirt if the 
brushes are not worn out; 
the battery is run down, or the magnets of magneto 
are demagnetized; 

the camshaft has been taken out and put back 
wrong; 

the order of firing has been deranged; 
the valves (one or more) after they are opened by 
the cam action are In a sticking condition 
and stay open; 

the relation of gasoline to air of the carburetor is 
poor, although the carburetor appears to 
work all right; 

the spark advance mechanism is either deranged 
or the spark position is wrong for the starting 
and running of the engine. 

OASB NO. 2. The engine fells to operate and 
you are reasonably certain that: 
the ignition is in working order; 
the compression is normal; 
the exhaust valves are tight; 
the inlet valves are tight; 
there is gasoline in the tank; 
the gasoline is free from water; 
the gasoline supply valve is open; 
there is no impediment in the gasoline pipe; 
the intake manifold is tight; 
thq carburetor control system is in good order; 
the gasoline tank pressure is sufficient; 
the cylinders of the engine are properly scavenged; 
the cylinders are not fouled with cylinder oil; 
the cam shaft has not been deranged; 
the half-time gears are meshing properly; 
the timer is not fouled by grease; 
the engine will start after cleaning and timing; 


Then it stands to reason that one or more of the 
following is the probable cause: 
the carburetor float is punctured (if of copper); 
tile carburetor float is loggy (if of cork); 
the gasoline is poor grade or cold and does not 
vaporize readily; 

tile gasoline level is too low or too high; 
there is a leak around the float bowl; 
the carburetor nozzle is stopped up; 
the needle valve in the nozzle is out of adjustment; 
the needle valve is worn; 
the gasoline strainer is clogged up; 
the balance levers of the float are stuck; 
there is an impediment in the carburetor passages*, 
the air valve adjustment is awry; 
the automatic valve spring is weakened; 
there is lost motion in the valves somewhere; 
one or more of the valves stick; 
there is a leaky gasket at a joint; 
water is lodged in the float-bowl; 
the air.vent of the float-bowl is stopped up; 
the float sticks in its guides; 
liquid gasoline lodges in the intake manifold; 
a new nozzle has been put into the carburetor and 
it is too small or too large; 
the method of heating the auxiliary air is insuffi¬ 
cient; 

the carburetor is getting too much air; 
the engine is not being supplied with the proper 
mixture. 

CASE NO. 3. The engine refuses to operate 
and you are reasonably certain that: 
the ignition system is in working order; 
the carburetor appears to be in working order; 
the gasoline supply is adequate; 
the engine cranks freely; 
the engine starts without difficulty; 
the engine does net stall when it is given work; 
there is no noticeable absence of power. 

Then it stands to reason that one or more of the 
following is the probable cause: 
the gasoline is poor grade or cold and does not 
vaporize readily; 
the compression is poor; 
there is a leak in the inlet valve; 
the exhaust valves are not tight; 
the piston rings are worn; 
the valve stems are deformed; 
the valve stems stick in the guides; 
the valve seats are pitted; 
the valve springs are weak; 
the tappet adjustments are awry; 
there is a crack in the cylinder; 
the piston rings are gummed up and stick; 
the cylinder head covers are not tight; 
the piston head is cracked; 
the spark plugs are not screwed in tight; 
there is an obstruction in the intake passageways; 
a cam is loose on the cam shaft, 
the half-time gears are slipping on the shaft; 
the tappet rods stick, or some other mechanical 
imperfection prevents the valves from closing. 


•“The Ignition In working order** means that you know there is a good spark at points of all 
spark plugs, because you tested each plug as per page 286 and 287. Tou also know that the bat¬ 
tery current is strong enough to ignite- the gas under pressure, because you tested the battery as per 
page 450. It is assumed that you know this before starting other deductions or tests. 
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tA DIGEST OF TROUBLES; Causa and Remedy. 


Ordinary angina troubles generally are of three kinds: Either the engine will not start, it runs 
irregularly, or It runs regularly, but with a notlceablo falling off In power. 

The following refer principally to Ignition and carburetion troubles, also see pages 407, 411. 
408 for starting motor troubles. 


ENGINE FAILS TO START. 

(1) LACK OF GASOLINE: See that there Is 
gasoline in the tank and that the shut-off 
cock Is open. Make sure that gasoline Is 
flowing to the carburetor by priming or 
pushing down the carburetor float. If the 
carburetor Is too full the gasoline will 
drip. If the carburetor Is not full •nnngii, 
look for a stoppage in the gasoline pipe 
and see that the rent hole In the tank cap 
Is open, see (78) this Instruction. 

(1A) CARBURETOR NEEDS PRIMING: Either 
prime carburetor or close air Intake valve, 
(see pages 168 166 and foot notes, page 
489). 

(2) "POOR QUALITY OF GASOLINE: Some 
of the gasoline offered for sale is of such 
poor quality that -it will not vaporise when 
the engine is cold. The gasoline may con¬ 
tain water, which will freese in cold weath¬ 
er and dog the gasoline jiipe. Old or 
stale gasoline may also cause difficult 
starting. 

(8) TOO MUCH GASOLINE: The cylinder 
may be flooded with gasoline; spark plug 
soaked. Open the relief cocks, cut off 
throttle and crank engine until excess Is 
eliminated and an explosion occurs. Then 
dose relief cocks, open throttle only par¬ 
tial way and try cranking again; engine 
ought to start. Float may be loose, (see 
page 167 and foot note page 489.) 

(4) NO PRESSURE IN FUEL TANK: If the 
system Is a pressure fuel system, then use 
the hand pump and try priming carbu¬ 
retor. (see page 164, flgi 2.) 

(6) LACK OF IGNITION CURRENT: If bat¬ 
tery Ignition, see If battery is strong. 
Remove one of the spark plug wires and 
hold it about % of an Inch away from 
plug and terminal and see if the spark 
jumps the gap when the engine Is cranked. 

(6) IF STARTING MOTOR FAILS: Bee In¬ 
struction 29 and pages 404, 416. 

(7) SPARK PLUGS: Spark plugs may have 
become sooted from over-lubrication or 
If they have seen considerable usage the 
points may be burned and corroded. If 
water has been splashed on the engine when 
is was nos, the porcelain of the plugs may 
be cracked. See that the sparking points 
are perfectly dean and that the gap does 
not exceed 1-82 of an Inch for coil ignition 
or 1-64 of an Inch for magneto ignition, 
(see charts 112 and 118.) Also see pages 
298 and 236.) 

BNGINE STARTS BUT MISSES. 

(8) CARBURETION ADJUSTMENTS: If on 
a cold day and engine his just been 
started, wait a few minutes for engine to 
warm up—dosing air Intake. 

If missing still occurs with popping back 
or "sneering,” this Indicates the mix¬ 
ture Is too lean; glvo the needle valve of 
carburetor a slight opening until engine 
runs smooth. If no needle valve is pro¬ 
vided, give less air in the auxiliary air 
valve, see pages 170, 163, 168 and foot 
note page 489. 

(9) IGNITION: If missing continues after 
engine Is warmed up, and more gasoline 
la fed as per (3), examine, the spark 
plugs and test as per (3). (Also see 
charts 113 and 112.) Weak battery: 
If coll and battery Ignition, (see pages 
241 and 460 and Instruction 29). 

ENGINE STARTS BUT "POPS” AND 

"SNEEZES” IN CARBURETOR. 

(10) CARBURETION: See (8), also page 170. 

BNGINE STARTS BUT WILL NOT PULL. 

(11) CARBURETION: See (8) or there may 
be an over rich mixture. This would be 
Indicated by black smoke. 


(12) THE VALVES: May be leaking and 
there might be poor compression. 

(18) IGNITION: The spark may be weak, 
this, however, would be Indicated by aria¬ 
sing. Test battery—see pages 241 and 
460. 

ENGINE RUNS REGULARLY FOR A FEW 

MINUTES AND THEN STOPS. 

(14) CARBURETION: In cold weather this is 
more liable to occur, until engine Is warm; 
give slightly more gasoline by closing 
air valve (If one Is provided); gasoline 
may not be flowing freely to carbureter. 
Prime carburetor and see If it drips. 
There may not be enough gasoline; dos¬ 
ing air valve will determine. Maybe too 
much gasoline (see 3). 

(16) IGNITION: Battery may be weak. Ignition 
may be retarded too much. If there are 
two systems of ignition try the other one. 

ENGINE STOPS SUDDENLY. 

(16) CARBURETION: Lack of gasoline. Stop¬ 
page of gasoline pipe (prime carburetor 
and if no gasoline, examine tank, then 
fuel strainer), see (73). 

(17) IGNITION: Loose wire. Short circuit, 
loose switch connection. If magneto Igni¬ 
tion, switch to coll and battery. Weak 
battery. Points of Interrupter may be 
dosed by pitting, see pages 298, 300 
and 249. 

(18) A sudden stoppage Is almost always due 
to Ignition trouble, for gasoline trouble 
will stop engine slowly. 

ENGINE STOPS SLOWLY WITH 

MIS-FIRING. 

(19) CARBURETION: See (16). The needle 
valve sometimes jars itself dosed. 

(20) When an engine stops slowly, the explo¬ 
sions becoming weaker and weaker until 
they cease, It la likely due to gasoline 
trouble. The fault will be found In the 
failure of the mixture to reach the cylin¬ 
der. (toe 73.) 

(21) IGNITION: Batteries exhausted, plugs 
fouled through over lubrication. 


ENGINE LOPES OR LOADS UP. 

(22) CARBURETION: When engine slows 
down irregularly, speeding up and then 
slowing down again as though fitted with 
a governor and if throttle be closed 
further, In order to alow down moi% 
engine stops. Air has leaked in bet w ee n 
carburetor and cylinders. Examine gas¬ 
kets around the joints of Inlet pipe or 
where carburetor is attached to Intake 
manifold. Too much gasoline will also 
cause "loping.” Out down on the car¬ 
buretor gasoline feed. 

(28) IGNITION: The spark may be set tee 
far advanced. If this Is the case, loping 
is likely to occur when spark is fuDy 
retarded. Therefore test the time of ig¬ 
nition, (see page 317 "Testing Ignition 
advance.”) 

LACK OF FLEXIBILITY. 

(24) CARBURETION: This trouble Is almost 
exclusively a carburetor fault and Is due 
to the fact that the auxiliary air Intake 
being so constructed that It furnishes an 
abundance of air on high speed. Is not 
sensitive enough on low, when the throttle 
Is nearly closed the engine stalls; or when 
the throttle is suddenly opened there is no 
"get away” because the auxiliary air 
inlet valve allows an Inrush of air, form¬ 
ing a mixture good enough for high speed 
running but too weak for "pick up” 
purposes. This calls for careful adjust¬ 
ment of the auxiliary air valve and gaso¬ 
line needle valve, (see pg. 160 to 184.) 


"Very common in cool weather—see pages 168, 161, 166, 170 and foot note bottom of page 489. 
tSee page 419 for "Digest of Lighting Troubles,” pages 457, 422, 416, 458 for "Storage Battery 
Troubles.* ’ 
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•BHGXHE MISSES EXPLOSION. 

(25) DEFECTIVE! OR DIRTY SPARK PLUG: 
With the engine running Idle, short circuit 
the 8psrk plugs one at a time hy touching 
a screwdriver from the metal of the cyl¬ 
inders to the terminals of the pings, (see 
pages 236 and 237.) This prevents the ping 
from firing and when one Is short cir¬ 
cuited—that makes no difference In the 
running of the engine—you have probably 
located the plug at fault. If the spark 
plug wire is properly connected to the 
magneto, either dean or Install a new 
plug in place of the one that has been 
found defective. If a vibrator coil, see 
chart 112. (also see 17). 

(26) "SPARK PLUG GAP TOO WIDE:. The 
distance betwen the spark plug points 
should not exceed 1-32 or l-64th of an 
Inch. (see 6.) Examine Interrupter 
points on magneto, (see pages 298 and 
297). Weak battery. 

(28) TOO LEAN A GASOLINE MIXTURE: 
If the engine misses with a popping noise 
In the carburetor, the Indications are that 
too much cold air is being admitted 
through the air regulating valve, the 
carburetor jets have become dogged with 
dirt, or there Is a partial stoppage some¬ 
where In the gasoline pipe connections. 
See that carburetor Intake header gas¬ 
kets are perfectly tight and do not admit 
air, which would thin the mixture, (see 
pages 162, 168 and Instruction 13.) 

(29) LOOK FO& GASOLINE TROUBLE: Dirt 
In gasoline tank over outlet, dirt or water 
In carburetor, float leaking, jet In carbu¬ 
retor clogged up, supply cock loose. Inlet 
valve sticking or leak In Inlet pipe, weak 
exhaust valve spring, may be a leak of 
air In Inlet pipe. 

#80) If the engine misses, and the following 
explosion Is acompanled by an explosion 
In the muffler; Ignition Is at fault, for the 
charge has reached the cylinder correctly, 

but has been exhausted without being ex¬ 
ploded. 

••ENGINE MISSES ON HIGH SPEED. 

(81) IGNITION: Weak battery (If coll and 
battery Ignition, see page 460). If the 
engine misses at high but not on low or 
on a hard pull, then It Is evident the spark 
plugs are O.K. 

The contact screw In the magneto 
breaker box needs screwing up (page 297 
and 298.) A word of explanation on this; 
the engine may fire all right at lesser 
speeds, because the speed Is slow enough 
and the contact Is long enough to allow the 
coll to build up, but at high speeds the 
contact Is too short, consequently a slight 
turn of the contact screw Is needed. 

Try switching to the other Ignition sys. 
tern, If a dual system Is provided, this will 
determine which Ignition system Is at 
fault. 

The coil may be defective, see Index 
and pages 235, 236, 249 and 263 for 
“Testing a cofl." 

(82) OARBURETTON : The carburetor may 
have been adjusted for slow speed, but 
requires more gasoline on high speed, or 
It may be getting too much gasoline. 
Proper adjustment of carburetor ought 
to suffice. 

••ENGINE MISSES ON LOW SPEED. 

(88) IGNITION: If magneto ignition, the cause 
may be due to the slow speed of mag¬ 
neto and weak current generated. Try 
advancing the spark more. Also exam¬ 
ine the interrupter points. 

Examine spark plug points (see 7). 
If not remedied, try switching to the 


other system of Ignition. If missing still 
occurs, then there are two other points 
to consider; loose connection or a broken 
down coll, If one coll is used for both sys¬ 
tems, as a low tension magneto—see 
page 241. 

(84) A SPARK PLUG MAY BE FOULED: 
It has been known that a bad plug will 
not cause missing at all speeds (page 236). 

(35) OARBURETION: Mixture at fault—re¬ 
adjust slow speed adjustment. The float 
may be too low giving over rich mix¬ 
ture. 

(86) THERE MAY BE A LEAK IN THE 
INTAKE PIPE: This Is a very common 
cause for missing at low speeds, and Is 
best detected by allowing the engine to 
run at the missing speed. Take a squirt 
can fpll of gasoline and squirt around all 
the Intake pipe joints. If you detect any 
difference whatsoever In the running, 
there Is a leak. The remedy Is obvious, 
see pages 162 and 171. 

ENGINE MIS8E8 AT ALL SPEEDS. 

(87) IGNITION: Defective spark plug (see 
7 and 25.) Loose connection. Weak bat¬ 
tery. Loose switch parts. Broken wire. 
Slight short circuit (see page 241, and 
charts 112 and 113.) 

(88) OARBURETION: see pages 166 to 171. 

tENGINE DOES NOT DELIVER PULL 
POWER. 

(89) VALVES: Leaky exhaust valves are usu¬ 
ally the cause, test springs. Compres¬ 
sion Is lost. Valves need regrinding. 
Timing of valve may be wrong. Ex¬ 
haust and Inlet may not open at correct 
time. See page 110 for “checking valve 
timing, 1 ' and page 92 and chart 250 on 
“valve grinding" and pages 94 and 95 
“valve clearance." Weak Inlet or ex¬ 
haust springs. Examine cams for wear. 

(40) OARBURETION: Too rich a mixture (see 
pages 166 to 171). 

(41) OVERHEATING OF ENGINE: Lack of 
olL Circulation system defective (see 
page 191.) 

(42) IGNITION: Timing of Ignition may be 
wrong. Set too far retarded or too far 
advanced, (see page 249). Weak Igni¬ 
tion. Defect In distributor. 

(48) MISCELLANEOUS CAUSES: Dragging 
brakes, leaky piston rings, lack of lubri¬ 
cation. Tight bearings. Flat tires. If 
new piston rings fitted they are not fully 
set, use plenty of olL 

t tENGINE OVERHEATS. 

(44) VALVES: The exhaust valve may not open 
early enough to pass out the burnt gas. 

(45) OARBURETION: Too rich a mixture 
(see pages 166 to 171) or driving with 
throttle open too far and spark retarded 
too much. 

(46) IGNITION: Running on retarded spark 
invariably causes heating (see page 67 
and 68.) Test the Ignition timing, see 
Index. 

The spark lever should be raised up or 
advanced as far as possible at all times 
without causing the engine to knock, also 
see page 319, for “Spark control and over¬ 
heating." 

(47) LACK OF LUBRICATION: Examine the 
oiling system, see bottom of page 201. 

(48) COOLING: Constricted water circulation 
(see page 191 and 198); examine the 
water circulation and pump. Under alsed 
radiator. 

(49) CARBON DEPOSIT: See page 201 and 
202. Choked exhaust. 

(50) SLIPPING FAN BELT: Tighten the bolt. 


•See pages 286, 298 and index, ft When engine overheats by steaming, due to frosen water—feel 
of radiator at bottom—if cold it is frozen, if warm then circulation is o.k. and trouble is due to 
lack of water or something else—see also pages 193, 788. 800. 

tSee page 586, “Spark Plugs Indicate Condition of Valves, and index “Engine, Why Loses Power." 
••8ee pages 285, 297, 298 and index. 
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(61) Brakes dragging:. Examine the brakes 
with rear wheels jacked np. 

(62) BEARINGS: If engine Is new or jnst 
overhauled, the bearings may be too tight. 
Put In plenty of oil and run until loosened 
up, see page 203. 

(68) DRIVING TOO LONG ON LOW GEAR: 
This is bad practice and should be avoided. 

Note.—Refer to page 188 and note the 
“motometer.” This is an excellent de¬ 
vice to assist in diagnosing overheating 
troubles. Overheating is always manifest 
when engine begins to run slow and pounds. 

ENGINE KNOCKS. 

(64) IGNITION: The most common knock is the 
Ignition knock, caused by too much ad¬ 
vance of spark. Back lash, in timing 
wheel teeth, see pages 638, 790 and Index 
for 4 ‘knocks.* * 

(56) BEARINGS: The connecting rod or main 
bearings may be loose, (see index for 
4 ‘testing*’, also “tightening bearings.*’) 

(56) OARBON DEPOSIT: This Is also a fre¬ 
quent cause, see page 201 to 203; also 
see index for 4 ‘cleaning carbon.'* 

(57) LOOSE OR WORN PISTONS: Will cause 
a knock as explained In chart 264. 

(68) OARBURETION: Too rich a mixture will 
cause a gas knock. 

(69) ENGINE OVERLOAD ON HILL: Shift 
to lower speed. 

ENGIN E WILL NOT STOP WHEN 

SWITCHED OFF. 

(60) IGNITION: If firing is regular the switch 
Is defective. If firing Is irregular, pre- 
lgnltlon is the cause. Caused by poor oil 
as explained on page 202. This carbon 
hardens and becomes red hot, hence 
“pre-ignition,*’ (see index “pre-lgnl- 
tton.’*) 

Stop engine by closing throttle and as 
soon as the engine cools, locate the cause. 

(61) MISCELLANEOUS OTHER CAUSES: 
Overheating as explained from (44) to 
(53), this Instruction, may be the cause. 

ENGINE RUNS WELL BUT OAR DRAGS. 

(62) CLUTCH IS LIKELY SLIPPING: The 
spring needs tightening. If leather faced 
cone type; too much oil on the leather. 
Clean with gasoline squirted on with an 
oil gun. If this don’t hold, use Fullers 
earth (last resort). If multiple disc type; 
clutch spring at fault or plates worn. 

A slipping clutch is detected by the en¬ 
gine speed not conforming with speed of 
««r when throttle la opened. This ratio be¬ 
tween car and engine is soon learned by 
experience. 

CLUTCH DRAGS. 

(68) IF CONE TYPE: The clutch may not 
clear the fly wheel when thrown out. If 
multiple disc type; the oil may be too 
heavy and sticks to plates, (see Instruction 
15, page 203). 

CLUTCH GRAB8 OR IS FIERCE. 

*(64) IF CONE TYPE: Leather too dry, clean 
with gasoline (see 62) then put on castor 
oil or neats foot oil to soften. 

If multiple disc use lighter oil after 
cleaning. Spring may be too tight, (see 
repair subject “care of clutch.'*) 

OIL ON CLUTCH LEATHER—(cone type)—see 
page 38 and Index, “clutch repairing.’' 

(67) CAUSE: Too much oil In crank case—oil 
works out engine bearing. 

ENGINE BACK FIRES IN MUFFLER. 

(68) IGNITION: Usually occurs when coast¬ 
ing with spark off and retarded and sud¬ 
denly throwing on switch, thereby firing 
charges which have entered muffler un- 
fired. 


(69) OARBURETION: Mixture too weak to 

fire, or mixture right but sparking wrong; 
one cylinder missing fire and pumping ex¬ 
plosive charges Into muffler which Ignites 
from heat of the next exhaust change. 
Missing of Ignition, valves leaking. Gaso¬ 
line supply falling, (see page 168 to 170.) 
Remedy: (1) Examine as In last sec¬ 

tion; particularly see If the plug points 
are too far apart. (2) See that all cyl¬ 
inders are firing regularly. (3) Adjust 
carburetor. (4) See If plenty of gaso-' 
line In tank. 

CRANK CASE BECOMES VERY 

HOT AND ENGINE WEAK. 

(70) CAUSE: Serious leak of exploded gas 
past piston rings—rings worn or broken 
—crack In head of piston—piston pin loose 
In piston and allowing gas to escdpe along 
bearing. See repair subject for “testing 
piston ring leaks.'* 

OVERHEATING OF EXHAUST PIPE 

AND MUFFLER. 

(71) CAUSE: Carburetor trouble over-rich 
mixture, valves out of time, very late 
spark, running too long on low gear, 
using too much gas, exhaust throttled, in¬ 
sufficient lift on valve or choked muffler. 

This condition Is the result of some¬ 
thing by which the mixture Is not com¬ 
pletely burned In the combustion space, 
but continues to burn In the exhaust pipe 
and muffler. 

A mixture that Is too rich or too poor, 
usually the former, will burn slowly and 
will still be burning during the ex¬ 
haust stroke. 

If the exhaust valve opens too soon, the 
charge will escape before It has done its 
work. 

Very late ignition will not give enough 
time to permit the charge to be burned be¬ 
fore the exhaust valve opens. 

ENGINE MAKES AN UNUSUAL 

HISSING NOISE. 

(72) CAUSE: Spark plug porcelain broken, 
joint between engine and exhaust pipe 
loose, exhaust pipe cracked, compression 
cock worked loose, spark plug not tightly 
screwed Into cylinder, valve caps may be 
loose; probabilities are the exhaust pipe 
or a spark plug Is loose. 

GASOLINE FAILS TO REACH THE 

CARBURETOR. 

(78) CAUSE: Gauze strainer In base of car¬ 
buretor choked—obstruction In the supply 
pipe—air lock at a bend in supply pipe— 
fpee page 192, refers to water) pressure 
leakage from tank, or If a gravity tank it 
may be air-bound—floating obstruction to 
gasoline tank covering the gasoline outlet 
—gasoline pipe near exhaust pipe causing 
a vapor lock. Vent hole in filler cap 
clogged. 

CONTINUAL EMISSION OF SMOKE 

FROM MUFFLER. 

(74) CAUSE: Engine being over-lubricated; 
readjust lubrication to give a slower ntt 
of oil flow—the emission of black smoke 
indicates that the carburetion is too rich, 
(see pages 202 and 169). Piston rings 
leak. 

CRACK IN CYLINDER. 

(75) EFFECT: Water In combustion chamber 

or in crank chamber—air bubbling through 
radiator on pulling engine over compres¬ 
sion. (see page 713, * ‘rusting up a 

crack.*') 

CARBURETOR DRIPS. 

(76) CAUSE: Float valve mechanism out of 
order; examine float and grind the fleet 
needle valve. ( see page 167.) 

ABNORMAL NOISE FROM 

TRANSMISSION GEAR. 

(77) CAUSE: (Other than due to unskillful 
changing of the gears)—want of Inbriea- 


* Numbers 65 end 66 omitted by error. 
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tlon of goon in change-gear box or bevel 
drive on bock oxle—pinlona damaged— 
teeth broken or worn down—nut loose in 
gear bow and fouling gears—clutch drum 
or fly wheel loose—universal Joints on 
transmission shaft badly worn or dam¬ 
aged—bearings in gear box worn, allow¬ 
ing shafts to rock about—sliding member 
of clutch out of alignment with cone (sets 
up harsh grating noise)—wear of jaws of 
positive clutch in gear box. 

SQUEAKS AND SIMILAR NOISES. 

(78) OAUSE: Fork actuating clutch wants lu- 
brieatlon—one or more bearings over¬ 
heating and want of lubrication—one or 
more of the brakes partly on—bearings of 
spring shackles want lubricating ( on some 
cars the spring ends work in a slide, 
which requires occasionally lubricating)— 
valve stems running, dry in the guides. 
Fenders and hoods are usually the cause of 
most noises. 

LUBRICATOR STOPS WORKING. 

(79) CAUSE: Oil pipe choked—feed nipples 
choked—pump shaft may be broke, us¬ 
ually due to clogged pipes. May need 
priming. Loose connections. 


OIL FEED GAUGE DOES NOT 
SHOW FLOW OF OIL. 

(80) SEE IF OIL IN ORANK OASE. Clean 
Strainer. Examine pump and pipe con¬ 
nections. Oil may be too cold to flow, 
(see page 199). Oil pump may need 
priming. 

OIL LEAKAGE FROM ENGINE. 

(81) OAUSE: Bearings badly worn and pas¬ 
sing out bearing journal—gaskets not 
tight—screws loose. Crank case flooded 
with oil (lubricator working too rapidly). 
Cap screws holding lower crank case not 
tight. Gaskets leaking. 

For ignition troubles see pages 288 to 241. 

For magneto troubles 'see pages- 297 to 800. 

For carburetor troubles see pages 166 to 171. 

For starting motor troubles see pages 416, 422 
and Inst. 29. 

For cooling troubles see pages 189 and 191. 

For generator troubles see Inst. 29. 

For carbon troubles see page 202 and index. 

For storage battery troubles s$e pages 467, 468, 
and 471. 

For miscellaneous repairs and adjustments see 

Instruction No. 46. 


QUESTIONS ANSWERED. 

The following are some of the questions answered by A. L. Dyke in the St. Louis Globe-Democrat 
and the New York Times—Automobile Query Columns, during the past few years. The questions and 
answers have been partially classified. 


First Auto Show. 

Q.—What year was the first automobile show 
held in Chicago and also New York! 

A.—The first show held in New York was in 
November, 1900, at Madison Square Garden, un¬ 
der the auspices of the Automobile Club of 
America. A feature of the show was a board, 
hill built on the roof of the garden, to prove 
that the new vehicle would not only propel itself, 
bnt would climb a grade. The novelty of the 
idea appealed to the public. The first automobile 
show in Chicago was at the Coliseum in March, 
1901. Eighteen vehicles were displayed. The 
gate receipts were 88,200. Mr. Sam Miles was the 
manager. 

First Four-Cycle Gasoline Engine. 

Q.—Who invented the first gasoline engine! 

A.—Nicolaus August Otto, Deuts, Germany, on 
August 14, 1877, was granted patents covering 
the four-cycle engine and the principle of com¬ 
pressing the mixture before exploding it. This is 
the principle still used on automobile engines at 
present. The conception of compression and four 
cycles of operation was not, however, original 
with Otto. He combined these ideas into a 
practical engine. They were twelve years in 
the making, and three countries participated in 
their evolution. The conception started in 1862, 
when a Frenchman, Alphonse Beau de Rochas, 
obtained a patent and wrote a pamphlet on the 
four-cycle engine. Six years later Boulton, an 
Englishman, secured a patent covering the use 
of compression in an engine. However, Boulton 
failed to work out the necessary means for com¬ 
pression in a practical way. 

First Power Propelled Vehicle. 

Q.—When was the first power-propelled vehicle 
invented! 

A.—Experiments date back to 1770, when 
Joseph Ongnot, a French engineer, built the first 
automobile. He constructed a steam automobile 
that hauled 2% tons three miles per hour, and 
this vehicle is still preserved in France. In 1802, 
the first practical steam automobile was built by 
Richard Trevitlnck of England, using a crank 
shaft for the first time and driving by gears 
from the engine to the road wheels. In 1821, 
Julius Griffiths of England built the first com¬ 
fortable steam vehicle, the first vehicle to have 
a coach design of body, with seats carried on 
springs, as they are today. In 1881 Summers 
A Ogle of England built a three-wheel tubular 
boiler and two-cylinder engine which attained a 
speed of thirty-two miles per hour. The first 


motor vehicle to carry passengers regularly for 
hire was built by Walter Hancock of England 
in 1884. The motive power was steam. 

First Pneumatic Tires. 

Q.—(1) Who invented the pneumatic tiret 
(2) What year did American manufacturers of 
automobiles begin to use the double tube tire! 
(8) What were the prices of tires from 1900 to 
1916! 

A.—(1) At present the honor of inventing 

S neumatic tires is disputed between two claimants: 

l. W. Thompson, a Scotchman, and John Dunlap, 
an Irishman. The former devised an automobile 
rubber tire in 1889, but it never came into use, 
as it was a very crude affair and seemed of no 
practical service. Thompson's tire was a single 
tube appliance and was invented in 1845. The 
solid rubber cushion tire and the single-tube 
air tire was used considerably in 1899 ana 1900. 
The double-tube penumatic tire did not come 
into general use on automobiles until 1902. (2) 

Single-tube pneumatic tires were generally used 
up to 1903. Double-tube tires were in use in 
1902 and were extensively adopted in 1908. (8) 

For a 80x3%-inch single-tube tire the price in 
1900 was $28; in 1901, $25; in 1908 the double¬ 
tube tire casing and tube cost $41; 1918, $21.96; 
1915, $14.80. 

First American Auto Road Race. 

Q.—Where and when was the first American 
Automobile Road Race run in America! 

A.—Motor Age, April 19, 1900, says: “Ameri¬ 
ca’s first auto road race was run over a fifty* 
mile course on the famous Merrick road on Long 
Island yesterday morning. A. L. Riker, with 
a five horse-power electric racing wagon, won by 
a quarter of an hour; time, 2:08:80. S. T. Davis, 
Jr. in a steam Locomobile, four and a half horse¬ 
power, was second; time, 2:18:27. Alexander 
Fisher, in a gasoline runabout built by the Auto¬ 
mobile Oompany of America was third; time, 
2:80:01.'' The article further states that the 
racers wore auto caps, goggles and mouth pro-' 
tectors. Riker wore no auto tofcs at all, but 
got there just the same. This speed is averaged 
now almost daily on the streets. 

First Auto Race. 

Q.—-Where was the first automobile race held 
in America! How many cars started! How many 
finished! 

A.—Chicago made the earliest attempt at an 
automobile race, November 25, 1895. Six cars 
started over a course of fifty-four miles, from 
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Jackson Park to Evanston and back again, for 
a prise of $500 offered by the Chicago Times- 
Herald. Four of the cars were propelled by 

B soline and two by electricity. Two cars fln- 
led. Charles E. Duryea won in ten hours and 
twenty-three minutes. The course was covered 
under highly unfavorable conditions, the roads 
being heavy with mud and snowy slush. 

- fSpeed, Motorcycle ts. Auto. 

Q.—What is the best time ever made by a 
motor cycle! Some say the motor cycle is faster 
than any automobile. 

A. —The best time ever made by a motor cyele 
was one mile in 87 seconds, or less than 100 
miles per hour.* This was accomplished by Lee 
Humiston at the Los Angeles Motordrome, Novem¬ 
ber 6, 1911. The 'fastest automobile time ever 
made was by a Fiat, driven by Arthur Duray 
at Ostend in 1918; time 142.9 miles per hour. 

Earnings of Baring Drivers. 

Q.—What are the earnings of racing drivers! 
A. —During 1915 Resta earned $87,750: Ander¬ 
son, $37,000; Cooper. $81,750; De Palma, $24,600; 
and Rickenbacker* $24,000. 

**Oastor Oil as a Lubricant. 

Q.—Do the race drivers use castor oil ex¬ 
clusively in their high-speed engines, or is it 
compounded ! 

A. —Very few racisg drivers use pure castor 
oil. In each of the big races not more than one or 
two drivers have used it. Nowadays, when castor 
oil is used, it is not compounded, but in for¬ 
mer years it was sometimes mixed with aloohol. 
It may be that some drivers are secretly using 
their own mixing process. 

Auto Club of America. 

Q.—In what year was the Automobile Club of 
America organised, and how many cars were 
produced mat year! 

A. —On Wednesday, January 7, 1899, a public 
meeting was held at the Waldorf-Astoria Hotel, 
New York, and as a result the National Auto 
Club of America was chartered on the following 
August 6. Six hundred machines were produced 
in 1899. 

Q.—When was the jump-spark coil invented 
and first used! 

A. —In February, 1852, Emperor Napoleon of 
France offered 60,000 francs to the man who 
could produce the most important electric in¬ 
vention during the next five years, which period 
was later extended five years. This award was 
finally given to H. D. Ruhmkorff, a Paris in¬ 
strument maker, for inventing the jump-spark 
coll, often referred to as the Ruhmkorff coil or 
high-tension coil. This coil, however, was first 
actually developed by Prof. Charles G. Page 
of Washington, D. C., following the researches of 
Faraday, Joseph Henry and W. Sturgeon, about 
1881, and really should be more properly termed 
Page's coil. 

First Rubber Tiro. 

Q.—When was rubber first discovered and who 
made the first rubber tires! 

A. —The first mention of rubber was in 1626, 
when the Spaniards in Mexico saw the natives 

f laying with balls of a remarkable elasticity, 
n 1770 it was suggested as an eraser for pencil 
marks. In 1823 Macintosh of Manchester, Eng¬ 
land, found that rubber would dissolve in ben sine 
and began making waterproof fabrics. In 1832 
the Roxbury Rubber Company was formed in 
Massachusetts to engage in this work and Charles 
Goodyear was one of its employes. Goodyear 
discovered vulcanization in 1835. In 1842 he be¬ 
gan producing rubber shoes. The first use of 
rubber tires was when Diets in 1885 patented a 
rubber cushion applied to an iron ring or tire. 
R. W. Thompson, an Englishman, December 10, 
1845, patented the first pneumatic tire. 

Bight Side of an Automobile. 

Q.—Which is the right side of an automobile! 
A. —The right side of an automobile is always 
understood to be the right of the driver when 


seated in the car, not of the person standing 

in front of the car. 

Garage and Limousine. 

Q.—Kindly give me the derivation of *'garage'* 
and "limousine." I judge both are of French 
origin. 

A.—Yes, both words are of French derivation. 
Garage is a derivation from "gare," a station or 
terminal for either railway trains or bo age. 

"Garage," as a noun, means, in both French 

and English, a place in which motor cars are 
stored. The term "limousine' was originally 
applied to a cloak worn by the inhabitants of 
Limousine an old province of Central France. 

It was later extended to the covering of a car¬ 
riage, and then to a type of motor car body 

with a permanent top projecting over the driver. 

Pronoundation of Auto Words. 

Q.—(1) What is *the correct pronounciation of 
chassis! (2) Of Fiat! (8) Of Peugeot! (4) 

Has the Lozier motor of the 1918 and 1914 light 
six, ball bearings on the main and connecting rod 
bearings of the crankshaft! 

A.—(1) Chassis is pronounced shaae, the a is 
like a in ask and the e is like e in event. The 

accent is on the first syllable. (2) Fiat is pro¬ 

nounced Fee-at, accent on the first syllable. (2) 
Peugeot is pronounced Pu-jo, the u being like u 
in pur and the j being soft. (4) The light six 
Losier did not have ball bearings on crank shaft 
or connecting rods. 

Meaning of Words used in Connection 
with The Auto. 

Q-—-Will you oblige me with the meaning of 
following words I see quite often used in con¬ 
nection with the automobile, cardan joint, panta- 
sote, bore and stroke, accelerator. 

A.—Cardan joint is the same as universal joint. 
Pantasote is an imitation leather used for up¬ 
holstering and tops. The bore of an engine cylin¬ 
der Is the measurement across the circular space 
in which the piston moves. It is another term 
for the internal diameter of the cylinder. The 
stroke is the length of the path through which 
the piston moves in the cylinder, and Is exactly 
equal to the diameter of the circle made by the 
crank pin. The purpose of an accelerator is to 
open the throttle by means of a pedal on the 
foot board independent of the hand throttle. I* 
opens the throttle more quickly than the hand 
throttle, hence the term "accelerator." 

Water in Crank Case. 

Q-—How does water get into my crank case 
and mix with my oil! ^The gasoline is strained 
and the lubricating oil is all right. 

A.—Two things may cause the trouble; one of 
chemical origin, the other ill-fitting piston rings. 
When gasoline is burned with the proper amount 
of air the hydrogen and carbon of the gasoline 
combine with the oxygen of the air to form 
water and carbon dioxide. Hence, water is 
always one of the products of combustion and 
exists in the cylinder in the form of superheated 
steam. Ill-fitting piston rings and scored cylin¬ 
ders allow gas to blow by, consequently more 
water will condense in such engines. This is 
more common with six and multicylinder engines, 
because there is more ring surface, consequently 
more chance of leakage. The carburetor adjust¬ 
ment is also important. A mixture containing 
much gasoline means an excessive amount of 
water, just as sure as it means a formation of 
carbon in the cylinder. 

High Altitudes. 

Q.—Does the water become heated more quick¬ 
ly in a high altitude than a low altitude! 

A.—Water boils at a lower temperature in a 
high altitude because the pressure of the at¬ 
mosphere, which water must overcome before 
it can boil or change into steam, is lower in a 
high altitude. At an elevation of one mile water 
will boil at a temperature 10 degrees lower than 
at sea level. In crossing the Rocky Mountains 
the road is frequently much more than one mile 
above sea level and water boils away very rapidly. 


*There are 8600 seconds in one hour. To find the miles per hour, divide 8600 by the time it takes 
to make one mile. fFigures are not now correct. **See page 918. 
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Use of Graphite in Engine. 

Q.—Can graphite be used in an automobile 
engine f 

A.—Yes. See page 205, 

Which is the Best Oar? 

a Q.—I am considering purchasing a car. Ad- 
▼iso me which of the three you would advise 
and the advantages of one over the other—Dodge. 
Overland. Maxwell! 

A.—Comment on relative merits of cars in 
this department is irregular. All those you name 
are good cars. I will tell you how I would settle 
the choice, if I were unable to decide otherwise, 
go to several used car concerns and ascertain 
which car brings the best price. This may answer 
your question, (see pages 527 and 528.) 


Batlo of Gearing Leading Oars. 


Q.—What is the ratio of gearing (high speed) 
of some of the leading cars? 


Studebaker Four .4 

Studebaker Six . 8.7 

Hupmobile.4 

Saxon Four and Six .4.75 

Grant . 4.60 

Roo .4 

Empire .4 

Haynes .4.07 

Bulck .8.77 

Overland 86.4.01 

Overland 88 . . 8.70 

Oakland Eight .4.8 

Oakland Large Six.4.25 

Oakland Small Six .4.42 

Willys*Knight .4 

Chevrolet 490 .8.67 

Chevrolet .4 

Chalmers M. 6 .8.76 

Chalmers 48 .4 

Chalmers 40 4.50 
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Batlo Gearing; 1st, 2nd, 3rd and Reverse. 

Q.—What is the difference in ratio of gearing 
on first, second and third, or low, intermediate 
and high, of a car? 

A.—This varies slightly in different ears. The 
ratio on a King Eight, for instance, is: First 
or low speed, 14.8 to 1; second or intermediate 
■peed, 8.7 to 1; third or high speed, 4.6 to 1; 
reverse, 18 to 1. See page 22 for explanation of 
ratio. 


When it is necessary to descend a very steep 
grade it is best to engage the intermediate or 
possibly low speed gears before commencing the 
descent, and if the resistance of the engine thus 
obtained is not sufficient, supplement it by the 
foo brake. Bear in mind that the more the re- 
sistance of the engine is used in coasting the 
longer the brake band linings will wear and the 
brakes retain their adjustment. 

When descending a long grade the engine is 
used as a brake, the switch should be turned oft 
to prevent heating which might occur if the 
sp k be retarded. 

The principle of this method will be under¬ 
stood when you realise that the same combina¬ 
tion of gearing which changes the ratio between 
the engine shaft and the rear axle, which makes 
it easier for the engine to drive the car, will 
when the car is compelled to drive the engine, 
have exactly the opposite effect, which is the case 
when the above method is used in descending a 
hill. 

Note: If engine stops and brakes fail in climb¬ 
ing a hill, see page 492. 

Advisability of using Engine as a 
Brake Downhill. 

Q.—I should be obliged if you will inform 
me whether it pays to save the brakes when de¬ 
scending a hill and to uae the compression of 
the engine by switching off? Is it not correct 
to assume that the engine is using as much gas 
as though it were driving, and is thus wasting 
fuel? I may say, however, that the brake effect 
is very good, even with top gear in use. It 
is only when descending an unusually steep hill 
that there is any need to use the foot brake. 

A.—It can be recommended as good practice 
to use the engine as a brake, provided that it 
draw8 in pure air and not mixture. This is 
most wasteful, as it is equivalent to having the 
engine running at full throttle all the time. The 
correct practice would be to shut the throttle 
and open an extra air valve which could be pro¬ 
vided on the inlet pipe. In this way the engine 
serves as an economical brake, and prevents wear 
and tear of the regular brake shoes 

If Engine Overheats and Piston Sticks. 

Q.—If on acount of overheating a piston be¬ 
comes “seised** or stuck what is best to do? 

A.—See index “Seised piston." 


Meaning of 26-35; Engine Bating. 

Q.—What does 25*85 horse-power mean! I 
note many manufacturers rate their engines with 
two ratings. 

A—The 25 means the horse-power acording 
to the Society of Automobile Engineers’ formula 
at 1000 r.p.m. The 85 means the actual block test 
the engine is capable of developing at full speed. 
It is taken for granted that the engine wiil develop 
25 horse-power continuously, and will stand an 
overload of 85 horse-power for short periods. Most 
electric generators will stand a considerable over¬ 
load for a short period but will heat if run over¬ 
loaded continuously. The same applies to the 
automobile engine. 

If Brakes Fall Going Down ran. 

Q.—If the brakes failed in going down hill 
what would be best to do?? 

A.—In going down hill nine chances out of 
ten the operator will coast, that is he will throw 
out his clutch and disconnect the power from the 
rear axle. His engine naturally is slowed down 
as no experienced driver would want to hear his 
engine race. Therefore we have the engine run¬ 
ning slow and idle and clutoh out coasting. 

If a stop was necessary and the brakes failed, 
then the first thing to do would be to throw off 
the switch and let in the clutch. This would 
check the car because the engine would have 
no power stroke to propel it and the piston on 
traveling upwards on the compression stroke would 
encounter a resistance in pressure. This pres¬ 
sure or “held back on compression" mean the 
same (study the four strokes or four cycle princi¬ 
ple) and note what compression means, also study 
the relation of the clutch to the engine and the 
drive of the car. 


Wiro on a Magneto. 

Q.—How many feet of wire is used on a low 
and high tension coil, and what sise of wire is 
used ? 

A.—There are many thousand feet of No. 86 
or No. 42 small silk covered copper wire on a 
secondary winding, see page 240. 

Signs of Punctured Insulation. 

Q.—What are the signs of punctured insula¬ 
tion in the high tension winding of a magneto 
armature, and how would you test? 

A—If the insulation is punctured on the high 
tension wire winding, the result would be that 
there would be a weak spark, and finally where in- 
sultation was punctured and bare, a spark would 
very likely jump through to another winding unless 
the top layer was well insulated, and eventual¬ 
ly short circuit and put the armature out of com¬ 
mission altogether; but the first noticeable result 
would be a very weak spark or no spark at all. 
See pages 235, 249 and 258, “testing a coil." 

Cause of Noise; in Timing and 
Magneto Gears. 

Q.—I have a -car fitted with magneto 

ignition run by gears. When engine runs slow or is 
slowly revolved, these gears seem to kick back and 
forth and make a lot of noise, what is the cause? 

A.—The cause of this is worn gears. Very likely 
on the magneto side, and this “pull back" as 
you call it, is occasioned by the pull of the arma¬ 
ture of the magneto. If you have ever turned 
over the armature of a magneto, you know how 
it jumps at a cerain point, which is caused by 
the pull of the magnets on the armature. 

Now. when engine is running slow, and this 
point is reached, this is what has a tendency to 
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pull the gears, and if the gears are worn, they 
will be noisy. 

It is advisable to put in a new idler gear, and a 
new magneto drive gear. 

When new gears are fitted, sometimes they 
make a great deal of humming noise. This noise, 
can sometimes be taken out by placing oil on the 
gears and holding “tripolite” on them while they 
are in motion. (Be sure not to get any tripo- 
lite on the bearings.) 

The Spark—Why Bine or White. 

Q.—Why is it that some coils give a thin blue 
spark and others a white thick onef I believe it 
is on account of the winding being burnt in some 
place or the insulation injured—am I right! 

A.—Colls wound for low voltage and large am¬ 
perage give fat red spark. 

The Bosch Magneto Co. describe it as the 4 ‘arc- 
flame." Weak or damaged coil will give thin 
spark, but will not jump a very wide gap. 

Sparking Across Safety Spark Gap. 

Q.—Why is it that a magneto and coil, sparks 
across the “safety spark gap'* irregularly, when 
the engine runs slow, but stops when speeded up! 

A.—Expansion of surplus gas, causes excess 
compression through which spark will not jump. 

If Battery Gives out on Bo ad. 

Q.—If batteries run down and I have no other 
ignition electric source what would I do! 

A.—Try nearest farm house and borrow or buy 
the telephone batteries. 

Magnet Lifting Power. 

Q.—Should the magnets of a magneto lift a 
weight of from 10 to 20 lbs. singly or all to¬ 
gether! 

A.—If a magnet is hung up and pieces of 
metal added to it from time to time, it will take on 
in this way two or three times as much as it would 
carry if required to lift the load at once. A 
single magnet will lift from 4 to 6 lbs. in normal 
condition. 

Locking a Oar. 

Q.—I understand it is not a good idea to lock 
the wheels of a car in the down-town district, 
because the fire department might need to move 
car in case of fire. What method of locking a 
car would you recommend ! 

A. —If you have a Ford, use a K. W. ignition 
switch with Tale lock which can be secured at 
any supply house. Otherwise, use a secret plug 
switch, placed where it will not be seen, to 
open the ignition circuit, or close a padlock on 
the spark and throttle lever to lock it to the 
web of the steering wheel. The latter arange- 
ment however, is not altogether practical if there 
is an accelerator. 

Bight of Way; Wagon or Auto? 

Q.—If an automobile is back of a wagon as 
the wagon is going the same way, is it necessary 
or does the law require that the wagon give 
the auto the road so he can pass! 

A.—In the city an ordinance requires all 
slow moving vehicles to keep to the curb side 
of the street on the right, and faster vehicles 
to pass in the center to the left of the slow 
vehicle. On country roads, section 8 of state 
automobile laws, protides that anyone driving 
a motor car who overtakes any horse or animal 
being ridden or driven, the rider or driver of 
the animal shall turn to the right side of road 
to permit free pasage on left side. 

Bight of Way on Cross Streets. 

Q.—Which car would you say had the right 
of way, one coming out of a cross street onto a 
thoroughfare, or the car on the thoroughfare! 

A.—A car coming out of a street to your 
right has right of way over you, as you have 
over the car coming out of a street to your left. 
See chart 218. 

Greatest Number of Miles of Bo ad. 

Q.—What state has the highest mileage of 
roads! Are the roads of Missouri being im¬ 
proved ? 

A.—Kansas has the greatest number of miles 
of road; 111,586. Missouri comes second with 
108,000; Iowa third, with 104,000; Illinois fourth, 
with 100,000. In 1912 Missouri had the greatest 
mileare. Out of the 108.000, miles of Missouri 


roads, 4750 miles are improved, 108,250 miles 
are dirt roads and 3500 miles ase gravel. - Mis¬ 
souri made no improvements at all in 1014. 
Indiana however, spent 817,000,000 in 1914 for 
improvements; Iowa, 811.000,000; New Took, 
814,000,000, and very near all other states made 
improvements costing from 8106,000 to 80*000.000 

Bo-Painting a Badlator. 

Q.—Will you suggest a good method for re¬ 
painting a radiator) 

A.—The best plan is to take the radiator to 
a specialist, who will dip it. If you prefer to 
do the work yourself, remove the radiator, lay it 
flat and pour upon it a mixture of lampblack 
and turpentine made so thin that it will run ontc 
the sides of the cells. Wipe off any of the mixtun 
which may splash on the painted part of the 
radiator before it dries. At first the color will 
appear gray, but will soon darken (see page 194 
and index.) 

Muddy Badlator; Cleaning. 

Q.—The front of my radiator is muddy. What 
is the best plan tor clearing it! 

A.—When it is necessary to clear the radia¬ 
tor spaces of accumulated mud, you should flush 
the radiator from the rear, not from the front. 
In that way you avoid getting water into the 
magneto or ignition system, which is often short- 
circuited when the moisture enters it. 

Front Axle Bent. 

Q.—I bent my front axle, but local blacksmith 
is afraid to try to bend it back, as he says it 
was made of special steel. 

A.—Axles are usually made of nickel steel. 
To straighten, heat to a cherry red, then straight¬ 
en. If heated hotter than a cherry red all the 
nickle will be taken out of the steel. 

81de of Street to Stop on. 

Q.—If a tire is blown out and it is necessary 
to stop, what side of the road would I stop on and 
leave car! 

A.—Obey the traffic law, see rules of the road. 

Engine Uses Too Much OIL 

Q.—I have a car that has always used too 
much cylinder oil. I recently had nonleaking 
piston rings applied, one in each piston, although 
the old rings were good and the cylinders were not 
worn, the tool marks not being effaced. 
Can you give me a remedy for the oil getting 
by the piston rings and fouling the spark pings 
and valves! 

A.—It is possible that the cylinders have been 
worn out of round or that the pistons flt poorly. 
A good mechanic should be able to micrometer the 
pistons and cylinders and determine whether this 
is the trouble. If the cylinders are in good 
shape and the pistons flt poorly the remedy is to 
install oversize pistons. If the cylinders are 
scored the only remedy is reboring the cylinders 
and fitting new pistons, see also page 202. 

Oil Leaks from Bolt Holes of 
Crank Case. 

Q.—How can I stop the oil from leaking 
through the bolt, holes of the lower crank case 
cover and out of the fly wheel housing drain 
plug! 

A.—Back the studs out about K inch and 
wind five or six turns of cotton twine around it 
between the lock washer and the ease cover. This 
will positively stop the leak through the stud 
holes. However, we are inclined to think your 
oil is running down the side of the case from 
some other point. Perhaps the valve push rods. 
Wipe all oil off thoroughly and run the engine 
idle at about 600 or 800 r. p. m. and see for 
sure where the oil comes from. 

Causes of Vibration of Engine. 

Q.—About a year ago my engine began to 
vibrate, at around about 25 miles per hour. It 
did not vibrate when new, and I would like to 
know what causes vibration. It operates O.K. 
outside of that. Bearings are O.K. In fact, it 
runs just as smooth as when new, except that it 
vibrates. Will a crank shaft that is out of line 
or out of balance cause this! 

A.—Vibration is due to forces being out of 
balance or unequal, for instance; engine loose 
on frame, uneven compression, weak explosion 
in one or more cylinders, due to leaky rings or 
valves or too much oil in that particular cylinder 
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Defective spark or plug. Sprung crank shaft. 
Clutch out of balance. New full size bearing and 
shims on one crank throw, and the old worn or 
lighter bearing with shims or liners removed on 
the other crank throw. Different weight pistons. 
Front wheels out of true, rim out of plane with 
spokes. Would suggest throw-out clutch and 
run engine idle at different speeds. 

How to Determine Correct Carburetor 
Mixture. 

Q.—Hqw do you determine when the carbure- 
tion mixture is correct by the color of the flame 
from the relief cock and what is the cause of so 
much smoke coming out the exhaust! 

A. —See page 169. 

Kerosene for Cooling. 

Q.—Would kerosene make a good substitute for 
water for use in radiators of cars during winter! 

A. —Objections are the odor of heated kerosene; 
when heated kerosene evaporates and is liable to 
cause a Are if near a flame; on warm days in win¬ 
ter there is a tendency for engine to heat on ac¬ 
count of difference in co-efficient of heat of kero¬ 
sene and water or alcohol; kerosene rots radiator 
tubing and will also deposit a greasy mist over 
car. Gas is also liable to form and cause expan¬ 
sion and bulging of radiator. 

Kerosene and Gasoliile. 

Q.—Is it possible to use kerosene in the car¬ 
buretor of an automobile! 

A. —Tes, but it is necessary to start on gaso¬ 
line. Many experiments have been made to 
determine the possibility of using low-grade fuels 
like kerosene. They have shown that these fuels 
can be used under proper conditions, but that 
it is difficult fo{ the ordinary motor car user 
to get satisfactory results from them. Gasoline 
is volatile; kerosene is not. Clogging up or 
loading up takes place whenever the engine is 
too cold, after coasting or standing. Often 
when the engine is throttled the fuel seems to 
condense, load up the intake pipe and occasion¬ 
ally flow back into the carburetor. When the 
throttle is then opened this excess fuel is drawn 
into the cylinders, as shown by clouds of smoke 
and carbonization results. Kerosene requires 
some outside heating device to vaporize it. Ex¬ 
perimenters are working on this problem of 
heating and no doubt will succeed in time. 
“Necessity is the mother of invention," see index. 

Gasoline and Kerosene. 

Q.—What proportion of gasoline and kerosene 
will work together! 

A. —The proportion of kerosene which can be 
used with gasoline on some carburetors is 1 
gallon of gasoline to 3 gallons of kerosene. But 
starting will have to be with gasoline. Better 
have .extra tank of gasoline to start on until 
engine warms up, see index, “kerosene carbure- 
tion.*' 


Low Grade Gasoline. 

Q.—Is low grade gasoline suitable for auto¬ 
mobiles ! 

A. —The present day gasoline for automobiles, 
is usually in three grades, called No. 1, 2, and 8. 
The lowest grade No. 3 is used quite freely, but 
if its sets for a week unused you will likely And 
that all the coal oil in the gasoline, which is the 
heaviest, has settled at bottom of tank and hence 
difficult starting. If you stir it up or take an oil 
gun and draw off some from top and put in car¬ 
buretor to start on it will probably help. See 
page 161. 

Why Engine Buns Smoother at Night. 

Q—I have always noticed that my engine runs 
smoother or better at night. Why is this! 

A. —Experiments with stationary internal com¬ 
bustion engines have shown that water vapor— 
steam—injected into the combustion chamber 
gives an advantage, but the reason is not clear. 
On the same principle an engine runs better at 
night when there is more moisture in the air. 
It may be that the additional oxygen supplied 
by the small amount of water aids in the com¬ 
bustion of the fuel. 


Ether and Gasoline. 

Q.—What proportion of ether can be used with 
gasoline to increase power and speed for racing! 

A. —See index for ether. 

Carburetor Drips. 

Q.—When I stop my engine I notice gasoline 
continually drips from the bottom of carburetor. 
What causes this! 

A. —The float needle valve is probably the 
cause. Remedy: Put in a new one. To test: 
Remove carburetor from engine, then test the 
float needle valve by pouring gasoline into the 
float chamber. If gasoline drips from needle 
valve then the trouble is in the needle valve 
and a new one must be fitted. If it does not 
drip at needle valve, but comes from the jet, 
then the float is set too low—slightly raise the 
float. When refitting carburetor back on engine 
be sure a tight, fit is made where joined to 
inlet pipe, otherwise an air leak will interfere 
with carburetion. Leather makes a good gasket 
for carburetor. See pages 164 and 166. 

Leaky Oarburetor Float Needle Valve. 

Q.—How is a leaky carburetor float needle valve 
ground to keep it from leaking! 

A. —If made of steel use crocus or a fine grade 
of emery with a little oil and grind the needle 
to a tight seat. If brass and the needle is 
tapering lightly tap it with a hainmer on its 
seat, then grind a tight seat, using oil. To 
test after grinding, pour in gasoline and note 
whether it drips. A new needle valve is the 
best. See page 167. 

Out of Gasoline on a Country Road. 

Q.—If I was in the country and run out of 
gasoline what would I do to get back! 

A. —Send for gasoline if none can be secured 
at a farm house. If kerosene could be secured m 
the vicinity, which is more likely than gasoline, 
then drain tank of What little gasoline is left, 
unscrew carburetor float top, pour in until car¬ 
buretor chamber is full. Mix remainder with 
kerosene and pour into tank. Start engine on 
the gasoline in carburetor, then when started it 
ought to run on gasoline and kerosene mixed. The 
greatest amount of kerosene to gasoline which can 
be used on the average carburetor is 3 to 1. 

Note: this will not work satisfactorily unless 
intake is heated, see page 157. 

Cause of Carburetor Freezing. 

Q.—My carburetor froze up during the last 
cold weather, and I could not start my engine. 
What causes this? 

A. —The presence of an abnormal amount of 
water in the gasoline is the trouble. Garage pro¬ 
prietors say this trouble was never so pronounced 
as at present, and they attribute it to the ad¬ 
ulteration of oils, believed to be carried on to 
a greater extent this season than ever before. 
See page 161. 

Gasoline Consumption. 

Q.—Does it take more gasoline when running 
slow and in congested traffic than when running 
on country roads! 

A. —Tes; this fact was demonstrated by a 
Marmon car recently. In the business district 
of Chicago ten and one-half miles per gallon 
was the average, whereas on streets where osn- 
ditions were similar to country roads the same 
car did fifteen and three-fourths miles per gallon. 
Most likely due to the momentum of car in the 
one case, and absence of it, in the other. 


•Freezing and Bolling Point and Specific Gravity 
of Water, Alcohol, Kerosene and Gasoline. 
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7» 
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i 


•Mercury freezes at 88.7° below zero and boils or gives off gas at 357° above zero, Fahrenheit. 
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Straining Gasoline. 

Q,—I noticed an article in some paper recently 
that by pouring gasoline through a chamois in 
a funnel, electricity was generated, set Are to 
the gasoline and severely burned s man pouring 
the gasoline. Do you think such a thing possible f 

A. —So some one claimed, see page 162. 

Soldering and Repairing Radiator Leak. 

Q.—What kind of tool or torch can be used 
for repairing radiators ! I And it hard to get 
at the small openings in a radiator with a com¬ 
mon soldering iron. 

A.—Procure at some electrio establishment a 
heavy piece of copper wire. Hammer it out to 
At the place you desire to solder. After solder¬ 
ing, place radiator in a vessel of water. Olose 
up one end of the radiator and plug the other 
end. Place a small piece of tubing through one 
of the plugs and pump air into the radiator. Note 
whether it leaks. If it does, mark the place- 
scrape and resolder. See pages 191, 194, index. 

Will a Clincher Tire At a 
Q. D. Rim. 

Q.—Will the old-style plain olincher tire At 
a quick detachable clincher rimf Also let me 
know whether a straight-side tire will At a clincher 
rimf 

A.—Yes, a plain clincher tire will At a quick 
detachable clincher rim, but a quick detachable 
clincher tire will not At a clincher rim. It may 
be forced on, but it will be quite a job, and the 
probabilities are the bead would be damaged. 
A regular clincher tire has a Aexible bead. A 
quick detachable tire has a hard bead. I have 
seen a straight side tire on a clincher rim, but 
it is not practical. See page 558. 

Overloading of Carburetor. 

Q.—( 1 ) When descending grades with the 
throttle closed, the engine shows a tendency to 
overload, and appears to start with difficulty when 
the throttle is reopened. ( 2 ) What is the cause 
of a decided rumbling noise in the transmission, 
when the machine is ascending a grade on inter¬ 
mediate gearf 

A.—(1) Too much gasoline. Change the low 
speed adjustment. May be the Aoat is too high, 
if cutting down the gasoline supply does not 
remedy the trouble. The engine will pick up 
sluggish if there is too much gasoline, therefore 
the adjustment ought to remedy this trouble also. 
You did not mention the make of the carbure¬ 
tor hence deAnlte directions cannot be given. 
(2) All second-speed gears make more noise 
than the high gear. May be worn gears or 
bearings, or both are responsible. 

Metering Pin and Dash Pot. 

Q.—I notice the term <4 metering pin" and 
"dash pot" used in speaking of carburetors. 
What are they for! A.—See page 151. 

Proportion of Air to Gasoline. 

Q.—What proportion of air is used with gaso¬ 
line in carburetors! 

A.—The best explosive mixture when maximum 
power is desired with the gasoline commonly ufced 
is 14 parts of air to one part gasoline. From 
this the mixture con range to 17 to 1, the 
latter for maximum economy—see page 142. 

Mixture Which Heats. 

Q.—What kind of mixture heats engine most, 
rich or lean! 

A.—Lean mixture under load. Rich mixture 
running light—see page 169. 

Different Sise Spark Plugs. 

Q.—How many sixes of spark plugs are there 
in general usef Why don’t manufacturers use 
one sise plug! A.—See pages 235 to 239. 

Spark Plug Points; Correct Distance to Set. 

Q.—What is the correct distance apart to set 
the points of spark plug and interrupter! 

A.—See pages 235, 238, 219, 297, 296. 


Distance the Spark win Jump. 

Q.—If a spark will jump % to % inch out¬ 
side of cylinder what space will it jump inside f 
A.—The spark which will jump from one-quarter 
to three eights of an inch on outside of a cylinder, 
will jump one-sixteenth of an inch inside under 
compression, (see page 286). A spark which 
would jump no further then one-quarter of an 
inch on the outside of the cylinder has worked, 
but we would advise that a coil which jumps three- 
quarters or one inch for general use, because, if 
you use a low grade gasoline it is -harder to 
ignite than a high grade. 

Substitute for a Match 
A piece of waste or 
cloth dampened with 
gasoline is tied to a 
screw driver. One of 
the ignition cables to a 
spark plug ia removed 
and placed near enough 
to the electrode so that 
the spark jumps across. 
The cloth is introduced 
between the two and the 
spark will ignite the 
gasoline. 


Engine Continues to Run. 

Q.—I use a magneto and battery for ignition. 
In running on the magneto, when I turn off the 
switch the engine continues to run. Why is 
this! 

A.—The ground wire from your magneto to 
the frame of your car is evidently broken. In 
magneto ignition the switch closes or short cir¬ 
cuits the primary winding through this ground 
wire. Therefore if the ground wire is broken 
the current could not be short circuited and the 
engine would continue to run—see page 275 and 
276, Ag. 1. 

Spark Plugs Indicate Condition of Valves. 

Q.—Can yon tell by the condition of the apark 
plugs whether the valves need grinding! 

A.—;Yes, if the end of the spark plug is oily 
it indicates too much lubricating oil or leaky 
piston rings. If black soft soot like that which 
accumulates in a lamp chimney, this indicates that 
too much gasoline is being fed to the cylinder 
through intake, causing too rich a mixture. This 
may come from improper carburetor adjustment 
or an air leak in intake manifold. If the ends 
of the plugs are oily and sooty, this would in¬ 
dicate that the valves leak, as this permits burnt 
gases being drawn into the mixture, which would 
result in poor combustion and lack of pressure 
in cylinder, which would permit oil to pass and 
foul plug.. 

Telephone Generator. 

Q.—Can I use a telephone generator taken 
from an old phone for ignition! 

A.—No; this generator generates a high voltage, 
bnt practically no amperage or quantity of cur¬ 
rent at all. If you were to run it at high 
enough speed, eay 8000 revolutions per minute, 
and had a proper transformer or coil to "build 
up" the current, that Is, to reduce the voltage 
and make a higher amperage, it might be used 
with the make-and-break system of ignition. 

Battery Jar Trouble. 

Q.—I have an Exide storage battery whieb baa 
two cells leaking. Can you inform me what a 
hard rubber cell may be patched with, in order 
to stop leakage of acid! 

A.—A hard rubber jar cannot be patched. A 
new jar will be necessary, which can be secured 
at an Exide storage battery station. A new jar 
will cost abont $1.75. 

To TeU (N) and (8) Pole of Magneto, 

Q.—How do yon tell the north and south poles 
of magneto magnets! 

A.—To tell the positive and negative polee; 
north pole is positive -|- and eouth pole Is negative 
—. To And north and south pole; use a compass, 
as explained on page 303. 
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A “Twin Two" Cylinder Engine. 

Q.—Is there any make of car using a four- 
cylinder “twin two"! 

A. —The Leon-Peugeot, a French ear, uses this 
type of motor. There are two cylinder blocks 
placed 10 degrees apart from the vertical. 

Missing on a 2 Cylinder Opposed. 

Engine. 

Q.—I have an I. H, C. Truck, which has a, 
two cylinder opposed type engine. The back' 
cylinder misses fire every two explosions. If I 
abort circuit the front plug and give a little 
more gas, then it does not miss, but when I let 
the other cylinder work, it misses. 

▲.—From this meager information it appears 
that one cylinder is getting too much air and one 
too much gas. The one which misses appears 
to get too much air, either through a worn valve 
stem guide, a worn stem, or where manifold con¬ 
nects with the cylinder. In the manifold, near 
the cylinder which does not miss, drill a small 
hole and put in a pet cock, then gradually let 
in air to equalise. This cylinder evidently gets 
the richer mixture and needs air. 

How 2 Cylinders on a 6 Work Together. 

Q.—Do two cylinders on a six and an eight 
cylinder engine work together at one time! 

A. —Yes, for certain periods of time. See pages 
122 to 126. 

Laps of Power Strokes on a Twelve. 

Q.—Do two cylinders work together all the 
time on a twelve-cylinder engine! # 

A.—On a twin six-cylinder (twelve-cylinder en¬ 
gine) there are twelve periods of 14 degrees when 
three pistons are working together, and twelve 
periods of 46 degrees when two pistons are work¬ 
ing together. This naturally gives steady power 
or torque. See pages 126, 186 and 186. 

Why Racing Engines 4-Cylinder. 

Q.—If the eight and twelve cylinder engine 

? rives more flexibility and is considered the com- 
ng car, why is it all the racing cars are four 
cylinder! 

A. —Four-cylinder engines are used for racing 
cars, because there is no advantage in using more, 
when a smaller number will do the same work. 
The six, eight and twelve cylinder engines are 
coming into use because they give more flexibility. 
You can run a car with a six, eight or twelve cyl¬ 
inder engine at very low speed uphill or in traffic 
without changing gears. In a race the desidera¬ 
tum is speed, and flexibility which is an essential 
in the ordinary use of a car, is of no advantage. 

Four Cylinder Engine Using 16 Valves. 

Q.—Some one told me that there were four- 
cylinder automobile engines using eight inlet and 
eight exhaust valves, or two inlets and two ex¬ 
haust valves to each cylinder. Is this true! 

» A. —Yes, the Duesenberg four-cylinder engine, 
which started in the New York speedway races, 
had sixteen valves, as had also the Wisconsin 
engine used in the Stuts which won the race. See 
page 109. The White car also uses sixteen valves. 

Diesel Engine Principle. 

Q.—What is the principle upon which the 
Diesel engine is operated! I understand no 
spark at all is used for ignition. How is the 

gas fired! 

A. —The principle of the “four cycle" type of 
Diesel engine may be briefly described as follows: 
On the first or down stroke of the piston the 
Cylinder is filled with air at the atmospheric 
temperature and pressure. No fuel is introduced. 
On the second stroke, the piston travels up and 
the air, drawn in during the preceding stroke, 
is compressed to about 500 pounds per square 
inch, resulting in its temperature being raised 
to about 1000 degrees Fahrenheit, or sufficient 
to ignite any liquid fuel. Then the fuel valve 
opens and a measured quantity of fuel, usually 
ell, is injected into the cylinder through an 
atomiser. The atomised fuel is ignited by the 
high temperature of the air and the power stroke 
follows. On the fourth or exhaust stroke, the 
piston travels up and the burnt gas is expelled 


through the exhaust valve. The Diesel engine 
requires no ignition system and uses the cheap¬ 
est of petroleum, crude, fuel oils or tar oils. 

Speedometer Gearing. 

Q.—Oould the same speedometer be used on a 
80x2 V4 tire that is used on a 80x8 tirel 

A. —Yes. This will not necessitate a corre¬ 
sponding change in gears. It is only necessary 
that the number of teeth in the road wheel gear, 
always be equal to twice the number of inches, in 
the diameter of the wheel. 

Knight Engine, its history. 

Q.—Has the Knight engine been tried out 
fully, or is it still an experiment! What foreign 
manufacturers use it! 

A. —The Knight sleeve valve type was invented 
in Ohicago in 1908. The engine was under ex¬ 
periment until 1905, at which time it was given 
severe tests in Elyria, Ohio. In 1906 Charles 
V. Knight submitted his engine to the largest 
motor car company of England, the Daimler Com- 
pany. After tests, the Daimler Company adopt¬ 
ed it. Other leading European automobile man¬ 
ufacturers who adopted this type, of engine are the 
Panhard Oompany, France: Mercedes Company, 
Germany, and the Minerva Oompany, Belgium. 

Why Mors Spark Advance on a Six. 

Q.—Why does a six-cylinder engine require 
more spark advance than a four! 

A. —It doesn't, if measured on fly wheel. If 
measured on movement of the distributor brush, 
it does. Because the distributor brush on a six 
travels faster than on a four. 

Thermal Efficiency. 

Q.—What is meant by “thermal efficiency" I 

A. —Thermal efficiency is the ratio of work 
actually done, when expressed in heat units, to the 
total heat supplied in the fuel that enters the 
combustion chamber and is always less than 100 
per cent. 

Why Four Cylinder Engines do not 
fire 1, 2, 3, 4. 

Q.—Oould a four-cylinder engine Are, 1, 2, 8, 
4! How does the Ford fire! 

A. —No, not with the present arrangements of 
the “throw" of the crank shaft, see pages 116 
and 119. The Ford engine fires 1, 2, 4, 3. 

Out Cylinders. 

Q.—What is the process for grinding out worn 
or cut places in cylinder! 

A. —If a worn place is in the cylinder, then 
you must first ascertain if you have thickness 
enough, or wall to grind or bore or ream the 
entire cylinder down to the depth of this worn 
place, and then fit in piston, slightly larger, or 
large enough to take up this distance, (see in¬ 
struction 46.) 

Fire Truck Engine—How Cooled. 

Q.—How does the engine on an automobile 
fire truck cool itself when the engine is running 
continuously for long periods with car standing, 
which is often the case at a fire! My engine 
would soon get hot and the water in the radiator 
would steam. 

A. —There is a cooling line from the discharge 
side of the main pump directly into the water 
manifold. This is a %-inch line and is oon- 
trolled by a gate valve which enables the opera¬ 
tor to keep the engine at any desired tempera¬ 
ture. An overflow on the radiator allows thia 
cooling water, which amounts to 8 to 10 gal¬ 
lons per minute, to pass off. 

Why Valves are Called “Poppet Valves.** 

Q.—Why are the inlet and exhauat valves on 
the gasoline engine called *'poppet** valves! 

A. —The valve is continually popping up and 
down as the cam turns, which may account for 
the name “poppet." However, the word poppet 
probably is a corruption of the name puppet, ap¬ 
plied to this type in England, on account of its 
resemblance to the popping up and down of the 
puppets in the old-time Punch and Judy shows. 
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Lynlte Pistons. 

Q.—I notice “lynite” pistons are being ad¬ 
vertised for Ford engines. What is “lynite” ! 
What are the advantages! 

A.—Lynite is an aluminum alloy of French 
origin. It is produced in America by the Alumi¬ 
num Ousting Company of Detroit and Cleveland. 
Pistons made of this material are one-third the 
weight of cast-iron pistons. The manufacturers 
claim greater reciprocating motion, which allows 

S nicker acceleration, less friction and less vibra- 
on. The McQuay-Norris Manufacturing Company 
of St. Louis controls the exclusive sales of Lynite 
pistons for *Ford cars, which are sold in sets. 

Annular Ball Bearings. 

Q.—I often hear the term “annular” ball 
bearings. What kind of bearing is this! 

A.—Two types of ball bearings are in general 
use on motor cars, the “annular” and the “cup 
and cone.” Annular means “ring shaped.” The 
balls on an annular bearing move around the 
center of the inner race. They carry the load 
radially and do not take care of the thrurit load. 
The cup and cone type of ball bearing can be 
adjusted and will carry a thrust load as well 
as a radial load, see page 86. 

Piston Clearance. 

Q.—Are pistons fit to cylinders to .<f02 (two 
thousandths) part of an inch, if not, what is the 
differencet 

A.—Cast iron pistons are supposed to fit to one- 
thousandths per inch of piston—for instance, if 
the piston is 4 inch it would have to fit four 
thousandths at the top and two and one-half 
thousandths at the bottom. Pistons heat much 
more than the cylinder, therefore this is allowed 
for heat expansion. See index “piston clearance.” 

Ford Magnets—how placed. 

Q.—(1) When the magnets are bolted in fly¬ 
wheel of a Ford magneto, which poles go side by 
side! (2) Also, when not on flywheel just 
lying loose, should they have keepers across ends! 
(8) What weight should one of these magnets 
lift when fully charged! 

A.—(1) N. and 8. (2) Yes, by all means. 

(8) 1% to 2 pounds when fully charged. 


Why Bight Bear Tire Wean Most. 

Q.—I have always heard that the right rear 
wheel carries more load and hence the tire on 
this wheel undergoes more wear. Why is this! 

A.—This is due to the crowned or oval ear- 
face of the road, and because you drive on the 
right side of the road there is more weight on 
the right wheels. This causes the right tires to 
grip the road harder. Hence when brakes are- 
applied suddenly the rear wheels often slide, wear¬ 
ing off the rubber. 


Valve Timing of Hupmoblle. 

Model In. opens In. closes Ex. opens Ex. closes 
deg. in. deg. in. deg. in. deg. in. 

20 _25 or 8% 35 or 4l%< 40 or 4% 20 or 2*%4 

KAN., on top 24 or 8% 89 or 5%* 5 or i Vie 

82_25 or 8%2 85 or 4*%^ 40 or 51%4 20 or 2S%4 

Position for Spark to Occur. 

20 .. ..3° or %” after top, retarded. 

KAN..2* before top, igniter in neutral position. 

82.. . .15* after top or 1%2*, spark retarded. 


Skidding. 

Q.—I have a great deal of trouble with my 
car skidding. What is best to do, when one 
skids, throw on the brake! 

A.—To control a skid it requires quick per¬ 
ception of the coming deviation, and prompt ac¬ 
tion to counteract it. Brakes are usually on- 
symmetrical in their effects, and putting on the 
brake usually increases the skid, especially if 
the power is left on. The first thing needed is 
to declutch and the next is rapid and intelligent 
use of the wheel. 

Brake Bands, how to dean. 

Q.—What plan is best to cause brake bands 
to hold. Have tightened them, but they still 
slip! 

A.—A syringe full of kerosene squirted on 
Raybestos brake bands occasionally will help 
them grip the drum. The kerosene has a ten¬ 
dency to dissolve the oily matter on the bands, 
leaving the surface clean. Squeaky brakes are 
also remedied by the use of kerosene. 


Old Tires, Price Of. 

Q.—What price ought I get for my old tires 
and tubes! 

A.—The average price paid is 5c for old tires 
and 6c per lb. for tubes. 

Grades, How Calculated. 

Q.—Would thank you to explain how grades 
are calculated. How would you determine a 
grade of 20 per cent! 

A.—A grade 1 in 5 equals 20 per cent; a rise 
of 1 foot in a distance of 5 feet horisontally; 
1 foot is 20 per cent of 5. In other words, if 
the distance traveled is 100 feet in a certain di¬ 
rection and the rise is 20 feet, this would be a 
20 per cent grade, see chart 226-A. 

Why Not Solid Tires? 

Q.—Why can’t I put solid rubber tires on my 
automobile and save tire expense! 

A.—Because cars that run above fifteen miles 
per hour would soon rack to pieces. The vibra¬ 
tion would be too great, and while there might 
be a saving on tires the cost of repairs on the 
car would be far greater/ Solid tires at high 
speeds are also dangerous, owing to greater pen¬ 
dency to skid. 

Undn&ae Tube. 

Could a 82xW tube be jjsed in >9x8% 

A.—It Is not advisable. An inner tube should 
fill the casing without being greatly distended. 
As a rule the so-called “over-sise” tubes, such 
as 88x4, are best for use in casings 82x8%. 


in "Vfex 


Frosting Compound. 

Q.—Will yon suggest a quick method for dim¬ 
ming headlights! 

A.—Five cents’ worth of epsom salts dissolved 
in a teacup full of water provides the neatest 
and most efficient headlight dimmer for automo¬ 
biles, so far proposed. The solution is used oa 
the inside of the headlight glass, where it is 
allowed to evaporate. The result is a beauti¬ 
fully frosted lens, the frosting on which lasts 
for several months.—Scientific American. 

Painting Cylinders and Manifolds. 

Q.—What can be used for painting cylinders 
and exhaust pipes, or, in other words, a paint 
which will resist heat? 

A.—You can secure these paints from supply 
houses. If you prefer mixing it yourself, try 
the following: For cylinder—8 ounces white 
lead in oil, 6 ounces boiled linseed oil, 2 ounces 
turpentine, % ounce lamp-black. This will make 
up about 1 pint. This ought to be sufficient for 
a six-cylinder engine. If too heavy, thin with 
turpentine. For the exhaust manifold I know 
of nothing better than aluminum powder mixed 
with bronxing liquid, and even this will peel off 
in time. See page 509. 


Wheels out of Line Cause of Tire Trouble. 

Q.—My tire on the front right wheel has worn 
considerably. The tire man said it was caused 
by my wheel being out of line. How will I line 
it up properly! 

A. —See chart 279. 

flee page 509 how to make paint for inside and outside of tires. 


t White 
Q.—I have an Auburn car, about 1910 model, 
which has a discharge of white smoke, which 
comes out of crank case, through the breather 
pipe. This discharge resembles steam and comes 
out in puffs like the exhaust from a steam engine. 
The discharge is irregular, and occurs after en¬ 
gine is warmed up. 

A.—Your trouble would appear to be worn or 
leaky piston rings. They evidently permit oil to 
pass into the combustion chamber. They also 
permit the compressed charged to pass from the 
combustion chamber to crank ease of the engine 
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and thence out the breather pipe. The fact that 
this ocean more when the engine is wanned up 
than at any other time is dne to the fact that 
jour oil evidently thins down more when it is 
warm. Therefore it is easier for the oil to pass 
the ring. I would advise that you have year 
rings examined, and if not worn, use heavier and 
better oil. Also examine the valve tappets to see 
whether they are opening the valves as they 
should. Also see if your valves are opening and 
closing properly. 

Tires for Electric Vehicles. 

Q.—Is there any difference in the rubber cas¬ 


ing used on electric cars and those used on gaso¬ 
line carsf If so, what is the dfferenee! 

A.—There is no difference in pneumatic tires 
used on electric or pleasure cars. Quite a som¬ 
ber of the electric vehicles use what is called 
a “cord tire," which is higher in price 
and said to be stronger. This is due to the 
fact that an electrio vehicle is much heavier on 
account of the batteries. Many of the electric 
vehicles use what is called the “Mots tire" 
with a cushion effect, and which is a solid tire. 
Solid tires, however, skid a great deal and are 
really dangerous to use on any type of high 
speed pleasure cars. 


♦Useful and Instructive Hints and Suggestions. 


Heavier oil in old can. The engine of a ear 
that has been run for two or three years will give 
better delivery of power if you will use heavier 
oil than was at first intended for it. 

Clean it out. The crank case oil reservoir should 
be occasionally cleaned out by flushing it with 
kerosene, and churning it up well by running 
the engine idle for two minutes. Drain oil and 
kerosene and put in fresh oil, otherwise the kero¬ 
sene will thin the oil and cause burnt bearings. 

Oil for the timer. Puub castor oil makes the 
best lubricating material to use in the timer. 

Dry bearings. One source of insufficient lubri¬ 
cation of bearings is sometimes found to be clogged 
grooves in the bushings. Sediment will accumulate 
in the grooves which are intended to carry the 
lubricating oil, and shut off the supply. An ex¬ 
cess of graphite will often produce this effeot. 

“Loading up." Gasoline leaves the carburetor 
as a spray of liquid. In the intake manifold it 
vaporises and becomes mixed with air. When 
vaporisation does not take place rapidly enough, 
or when too much gasoline is sprayed into the 
manifold, the liquid win accumulate on the sides 
and run back into the carburetor. To get best 
results the intake manifold should be protected 
from the cooling effect of the fan, and should be 
warmed by a by-pass conveyor of heat from the 
exhaust. When the gasoline in liquid form runs 
down into the air inlet of the carburetor the mix¬ 
ture will be irregular and uncertain. 

» 

▲ test to locate trouble: When the engine starts 
hard, and you are uncertain whether the fault is 
with the ignition or the mixture, open the throttle 
wide and spin the engine with spark off, then 
turn on the spark and the engine should start, 
if the spark is correct, on the first half turn. 

To keep glass on windshield free from snow or 
rain. See foot note—bottom of page 508. 

Keeping the engine warm: An ordinary car¬ 
bon-burning foot-warmer, placed under the hood, 
will keep the engine warm for hours. A blanket 
over the hood wifi help it. 

The proper way to prime: There is a “best" 
way to prime your engine to make it start easy. 
The priming cups usually furnished on top of the 
cylinder hold just the right amount of priming 
fluid to do the work. If more than that amount 
is placed in the cylinder the mixture maf be too 
rich and the starting be difficult instead of easy. 
With stop-cocks dosed, fill the cups with a prim¬ 
ing fluid consisting of half gasoline and half ether, 
then open cocks and allow the fluid to run down 
into the cylinders. 

To lock your car: A piece of trace chain cov¬ 
ered with rubber hose and a good pad lock will 
lock your car so that it can not be run or drawn 
away. Put the chain around the frame and be¬ 
tween spokes of front wheels. It is also a good 
security for spare tires. 

For gasoline leaks: Hard soap, moulded around 


a leaking place, will serve well as a temporary 
repair. Wrapping with tire tape will make It more 
permanent. 

Automobile headache: Ask the druggist to put 
up a few number one capsules filled with throe- 
fourths acetanalid and one-fourth citrated caffeine. 
Two of these capsules half an hour apart will re¬ 
lieve almost any headache quickly if the stomach 
is not full of food. While not harmless in over¬ 
doses, two may be taken inside of one hour with 

{ perfect safety. Large doses will make the lips 
ook blue, and this effect is to avoided. 

Refreshing slumber: Fifteen grains of Trienal 
powder taken in a little sweet milk at bedtime, 
after a long drive, will give refreshing sleep with 
no harmful result. 

Bensol is a promising motor fuel. It is a by¬ 
product of coke. It contains the same elements as 
gasoline, but the chemical formula is slightly dif¬ 
ferent. In England it is used to great extent for 
fuel, also for explosives, dyes and chemicals. All 
gas plants in England are being equipped to 
produce bensol. It is stated that experiments 
with the material are being made in the United 
States. 

Cleaning spark plugs: The porcelain of a spark 
plug may be made clean and almost equal to new 
by soaking it in carbon disulphide, (also see 
page 592.) 

Burning out the coll: When the spark gap of a 
plug is too great there is danger of burning out the 
secondary wire of the coil from the heat, due to 
great resistance. 

A spark plug should not be so tight a flt In 
the cylinder that it cannot be screwed in with the 
fingers for at least two-thirds of the thread. Other 
wise there is a risk of a cross-thread or badly-cut 
thread jamming tight. 

The threads of sparking' plugs, valve port caps, 
and exhaust pipe connections should occasionally 
be brushed over with some powdered graphite. 
This prevents seising or binding of the threads 
from the oxidising action of the hot gases. 

Wire efficiency: Ignition wire efficiency is 
not always determined by the thickness of the 
insulation. This is particularly true of second¬ 
ary wires. It is, of course, true that insulation 
should be of good quality, but unnecessary thick¬ 
ness increases the static capacity, a condition to 
be avoided. 

Corroded battery terminals: A little hard grease 
on the thumb nuts that make the battery connec¬ 
tions, will prevent their seising from aeid corrosion. 

An emergency: Nine miles from town the dry 
cells exhausted so that they would not start the 
engine. I borrowed the telephone, cello of a near¬ 
by house, started the engine, and returned the 
cells while engine was running idle. 

Dry cells In winter: If you use five dry oello 
in summer for starting purposes, you had better 
couple up seven for winter use, as the oold ren¬ 
ders dry cells lees efficient. 


•See page 524 for some of the Questions sometimes asked by the State Examining Board and In¬ 
struction 46A to 46D for Useful Devices for the Repair Shop and Repair Shop Hints and Suggestiona 
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Storage battery connections; Often the unsatis¬ 
factory service of a storage battery is due to im¬ 
perfect connections. \Yhere the battery is kept in 
a steel box great care is needed to keep the term¬ 
inals from touching the metal when the lid is 
closed. Even an occasional touch when the bat¬ 
tery is jarred will run the current down rapidly. 
The connections should be wrapped well with tire 
tape, and the metal box kept away by packing 
with rubber. An old inner* tube makes the best 
packing. 

Adjusting electric bulbs:. If the bulb is not 
pushed far enough back there will be a dark, 
round shadow in the middle of the bright light 
in the road ahead. 

Good connections: There should be just as few 
wire connections as possible in wiring for electric 
lights or starting purposes. And these few should 
be made secure against rattling loose by soldering. 

The * 'master vibrator." When a master vibra¬ 
tor is attached to a regular coil it not only serves 
to equalize the spark supply to all the cylinders, 
but it also adds extra condensing power to the 
current, giving a hotter spark. 

To test the firing of the cylinders independently, 
the plug cables should not be held too far from 
plug, as this throws a severe strain on the insula¬ 
tion of the coil. 

It always savss time in investigating for causes 
of misfiring to try the effect of a new set of plugs, 
because, in the majority of cases nowadays, any 
persistent misfiring is due to a spark-plug defect. 

Sticking tires: Make the surfaces of rim smooth 
with emery cloth, apply graphite to the rim, and 
beads of the tire, and your tire will never stick. 

To get out of deep mud: Wrap your tire chains 
bodily around the tire and rim of wheel so as to 
make a big bunch, fastening it on with strap or 
wire; turn on slow gear carefully; go slowly. 

Over-sixed tire chains: Tire chains intended 
for wheels larger than your own will, when cut 
lown to fit in length, give you extra service and 
atiBfaction. 

Against skidding: A wise driver will straddle 
•he ridge in the middle of a "greasy" road, or 
ceep one wheel in a wheel rut, to prevent skid¬ 
ding. 

Putting muddy chains away: Hang them to 
some convenient support, such as the bow rests 
at rear of car, and, with ( both hands, hold the bag 
open and slip it up over the chain. 

A good place to carry chains: A shallow box 
fastened under the bootboards of the tonneau, 
having several half-inch holes in the bottom, 
makes a good place for tire chains. Put them id 
with the mud on, and as it dries it will shake off 
the chains and through the holes. 

Quick tire destruction: A good way to spoil 
a tire casing quickly is to start your car with a 
lunge, and stop it with a sudden application of 
the brakes. 

Sise of inner tubes: Some manufacturers of in¬ 
ner tubes economise in material by making the 
tube smaller than it should be for the casing whioh 
it is to fill. An inner tube should fill the casing 
without being distended more than a very little. I ' 
find that as a rule the so-called "over-sise" tubes, 
such as 33x4 are best for use in casings 32x3 Vt- 

Why is a blow out? When outside wear or In¬ 
side break in the fabric due to bruises produces 
a comparatively weak place in a casing, the inside 
pressure causes a bulge in the location of the 
weak spot, and this part is then exposed to more 
wear in travel than the sound parts of the casing. 
Of course the blow-out quickly follows. Strong 
inter-liners prevent this bulging, making a slight 
depression at the worn spot in place of a bulge, 
and thus preventing excessive wear on the weak 
portion of the casing. 


Great tire mileage: The difference between the 
tire mileage of different drivers depends quite 
largely upon the care used to avoid sharp sub¬ 
stances in the road. A small, sharp-cornered stone 
will often make a break in the fabric, and a 
broken beer bottle will sometimes cut a fearful 
gash. Tire wear also increases in a fourfold ratio 
compared with speed. Almost any old tire will 
run ten thousand miles if carefully favored. 

Surprised at the bill: It is quite common for 
a patron to be surprised at the sise of a repnr 
bill, and to go away "sore." This causes has 
to shun the shop in the future, and also to tell 
his friends that the repairman in unfair. It would 
be better policy if an estimated price could be 
given for the work before taking the job. 

The price .to charge for work: When a ahop 
is completely equipped with labor-saving tools and 
conveniences, the patron should pay seventy-five 
cents per hour for mechanical labor. When not 
so equipped, a large amount of time is wasted as 
a consequence, and the patron should not be asked 
to pay for wasted time. 

Preserve the varnish: Ordinary mud, whan 
allowed to dry on, will dim the luster of the 
best varnish. Rinse it off with a gentle flow be¬ 
fore it becomes dry. 

Stale gasoline: After standing for many days, 
even in a tight tank, gasoline will become dead 
and slow to Ignite: It is partly due to evapora¬ 
tion, and partly to chemical changes that take 
place. , 

Fender cleaner: Equal parts of turpentine and 
wood alcohol make a good cleaning proparation 
for fenders and hoods. 

Varnish in a common barn: The varnished 
surfaces of an automobile body will not remain 
lustrous very long if the car is kept in a barn 
where there is manure. The nitrogen compounds 
given off from manure will soon tarnish and de¬ 
stroy the best varnish. 

A slouchy back curtain: A small stick ef 
length equal to the width of the curtain, upon 
which the back curtain is snugly rolled, gives a 
neat appearance. Otherwise it will hang in 
baggy masses. 

Putting in a back window: After cutting 
the celluloid to proper sise and shape fasten it 
temporarily in place by pushing pins through at 
each corner. Then button the curtain taut, and 
with a second person on the inside to pass the 
needle through outwardly, sew it in place, using 
the original needle holes as far as possible. 

A convenient receptacle: By cutting out a 
square in the floor of the tonneau and attaching 
a proper sized box underneath you can have a 
very convenient carrying receptacle .in space that 
is not otherwise taken up. It makes a good place 
to put a carbon foot-warmer in winter, and may 
be used for tools and jack at other times. 

Vibration and rattle: A soft leather washer 
placed between two iron washers will often serve 
to stop the rattle of fenders and brace rods. 

Silence and easy riding: An occasional lubri¬ 
cation of the inter-leaf contact parts of the 
springs will quite materially increase easy-riding 
quality of a car, as well as eliminate noise. 

Friction noises: Wherever two surfaces rub 
together making a squeaking noise, graphite grease 
makes the best remedy. Oil in such places Is but 
a temporary makeshift. 

Back lash: Non-reversible steering gears us¬ 
ually have a certain amount of back lash to al¬ 
low the wheels to follow ruts without side re¬ 
sistance on the tires. 

Keep radiator full: When the cooling fluid is 
kept in motion by thermo-syphon action it is 
quite important that the radiator be kept rea¬ 
sonably full in order that there be a back re- 
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•i stance to aid in forcing the water forward. It 
is good engine care to frequently add a little 
cola water, instead of waiting for the engine to 
knock for water, especially in summer. 

To get a locked car home: When the drive 
wheels are locked from breakage in the differen¬ 
tial or the universal joint you can haul the car 
home by removing the keys that hold the rear 
wheels to the axles (if a Ford) and allow them to 
torn freely. Be sure to grease them well. 


That harsh, grating sound: When an amateur 
driver shifts his gear, the excess of sound makes 
an expert smile. To shift gears noiselessly, re¬ 
lease the dutch to its fullest extend then push the 
change gear lever with a quick jabby motion until 
the gears go in. Do not slowly push the lever 
into position. This causes the teeth of the gear 
wheels to strike and be thrown back, and. each 
approach repeats the noise. The expert en¬ 
deavors to secure co-ordinate speed of the gears 
before trying to throw them into mesh. 


Water which comes from a chalky district 
should preferably not be used in the water-cir¬ 
culation system, because this results in deposits 
of lime forming in the pipe and radiator. Dis¬ 
tilled water or well-filtered rain-water should be 
used. 

A test for worn piston rings: When there is 
an escape back past the piston rings of hot 
gases the crank case will yet warm. When the 
escape is past the valves this ip not found. 

To start engine if starting crank is lost or 
starter fails to work: Jaok rear wheel, let 
clutch in place gears in "high” and turn the 
wheel. Or let clutch in and have some one push 
car until engine starts and quickly throw out 
clutch when engine starts. 

A test for trueness: Upon examining crank 
shaft or connecting rod bearings if you find that 
they are worn a little more at the ends than in 
the middle, it means that the crank shaft is not 
quite true. 


Tight bearings y When the removal of a shim 
makes the bearing too tight for free use, a piece 
of manilla paper in place of the shim will often 
give corect adjustment, and will permit a slight 
tightening if needed subsequently. 

To loosen sticking wheel: When a wheel on a 
taper axle sticks, and you haven't any wheel 
puller, here is a way to loosen it: Run the nut 
off entirely, and then run It on again with the 

castellated end toward the wheel. True the other 

end of the nut up flush with the axle, letting the 
wheel down onto the ground from the jack. Hit 

the nut three or four good cracks with the ham¬ 

mer and the wheel will start every time. 

Loose rear wheels: It is wise occasionally to 
examine the rear wheels for slack. A little wobble 
on the axle will soon wear the key or key-seat 
into a dangerous wheel condition. 

Broken balls are first indicated by a "click¬ 
ing” sound. If not promptly remedied entire 
bearing will be ruined. 

Knocks are expensive: At the end of the first 
two thousand miles the average automobile will 
require slight tightening up of the crank shaft 
and connecting rod bearings. To allow small 
knocks to go uncared for will result in great 
damage to the parts very soon. 

A good carbon remover: Denatured alcohol, 
squirted into the cylinders when they are hot, 
and the engine run Jairly fast for two minutea, 
will clean out the carbon. 

Adjust your foot brake: Push the pedal for¬ 
ward about two inches and retain it in place with 


a small block of wood. Now tighten up the 
turn-buckle until the brakes are snug, and when 
the block of wood is removed the slaok will be 
correct. 

Broken piston rings: Will make themselves 
known by decreased compression, and by an ex¬ 
cessive amount of oil in the combustion chamber 
and on the spark plugs. 

Use spUt washers: Where castellated nuts and 
cotter pins are not supplied in automobile con¬ 
struction, good, well-tempered lock washers may 
be placed under the nuts or the heads of bolts, 
to keep them from rattling Ipose. 

Impulse air pump—don’t run it fast, and don't 
connect the hose to tire valve, until pump has 
made a few strokes. 

A small magnet is a time saver for picking 
up screw and other small parts that have drop¬ 
ped into the mud pan. Often the trouble of tak¬ 
ing the pan off will be avoided. An ordinary 
horseshoe magnet, purchasable at any hardware 
store, may be used. 

Where a pump is used to circulate the ooollng 
water it is wise to fill the radiator to the top 
and then turn the engine over several times, so 
as to insure the water reaching and filling all 
parts of the system. If the engine la not turned 
the pump is an obstruction to the passage of 
the water into the jackets, which remain partly 
empty or fill so slowly as to leave the impression 
that there is more water in the system than 
there actually is. 1 

In order to clean the Inner lining of a top and 
to remove stains, gasoline should not be used. The 
best method is to lift the top off. and, after 
inverting, clean the surface thoroughly with pure 
soap and water. If gasoline or other quick¬ 
acting fluids are used the waterproof of the fabric 
will be destroyed. 

A disagreeable rattle can often be traced to 
the hood where it rests on Its seat. Strips of 
rawhide or other anti-friction material should be 
installed to prevent any squeaks or rattle. 


Although French chalk placed between a tube 
and the shoe is very desirable to prevent ad¬ 
hesion, too much of it may prove as bad or 
worse than none. If too much is used it is 
likely to work up into little balls, when the con¬ 
tinual rubbing and rolling around will ruin a 
tube in short order and make it almost beyond 
repair scarcely worth the cost of the work. 


To tune a car up for slow race or slow run¬ 
ning on high: Probably the engine which runs 
the slowest and the car which is geared the low¬ 
est will be the winner. We will assume that the 
race will be only on thb high gear. By retard¬ 
ing the spark this will also assist in reducing 
the speed of the engine, but if run too long 
with retarded spark, engine will heat. The tim¬ 
ing of the valves could also be changed by setting 
the valves to open and close just a little late. 


If one prefers to have his engine adjusted to 
rum slow on high, to best advantage, the valvee 
can be adjusted accordingly, but the speed will 
be sacrificed. 


"Dont’s” for drivers: Don’t drive a car un¬ 
til you are old enough to have good ordinary 
"horse” sense. Don r t look around when your 
hat blows off. Don't try to kiss the lady In the 
seat beside you. Don’t go to sleep while driv¬ 
ing. Don't trust one hand to do the. guiding. 
Don't try to make up lost time by speeding down 
hill. Don’t run at night without lamps. Don’t 
delay putting on the chains when the roads get 
greamr. Don’t forget to "STOP, LOOK and 
LISTON” before crossing a railway track— 
Safety First, Last, and all the time. 
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_Plug Brutn. 

Inch Cold Chisel. 

-tindle Wire Solder. 

Bundle No. 13 Copper Wire. 
Bundle No. 20 Copper Wire. 

5-Inch Bicycle Wrench, nickeled. 


tt-Inch Cepe Chisel. 

*4-Inch Solid Punch. 3-32-ineh point. 
%-Inch Solid Punch, 3-lC-lnch point. 
H-Inch Solid Puncli. ^4-Inch point 
3-Inch Electricians’ Screwdriver. 


A Well Assorted Repair Kit. 

fits Inch Drop Forged Hardened Wrench. 

SH'Indl Drop Forged Hardened W’rendl. 

4%-Inch Drop Forged Hardened Wrench 

4-Inch Drop Forged Hardened Wrench. 

4 H Inch Warding Fite with handle, 
s Inch Squdf? Fite with handle. 

« IncJi Flat File with handle 
7 Inch Hound file with hand!* 

i«'mPDn ^mciering iron with he mile, 
fi Inch side Tuning Pliers. 


Machinists* Bearing Scraper. 

9- Inch Auto Monkey Wrench. 

10- Inch St 11 Ison Wrench. 

8-Ounce Machlniata* Hammer. 

%-Inch Cotter Pin Extractor. poUahod. 
S-Inch Center Punch. 

V*-Inch Cold Chlael. 

Box Solder Paste. 

Box Cotter Pins. 

0-lnch Offset Screwdriver. 



! 
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Marvel universal 
valve grinder — turn 
the handle in one 
direction and the 
valve turns back and 
forth, always a lit¬ 
tle further in one 
direction than the 
other, eliminating 
any possibility of 
leaving rings and 
ridges. (Marvel Ac* 
oeesories do., Cleve¬ 
land, O.) 




A good jack 
is a necessity. 
Mfgd. by E. V. 
Hartford, Jer¬ 
sey Oity, N. J. 

A valve spring 
lifter saves time 
and is neces¬ 
sary- 


Electric trouble 
hand lamp. 


The Champion spark ping 
cleaner: consists of a glass 
tube and steel wires. Fill 
% full of gasoline and 
shake—the spark plug is 
screwed into glass part. 


The Hoyt rotary motor—for gwa- 
eral repair use: for testing out 
batteries; lamp loads; charge going 
to battery; to measure line voltage; 
current taken by starting motor, 
etc. Price $26.00—Address A. L. 
Dyke, Elect. Dept., St. Louis. 


Hydrometer for 
testing storage 
batteries. 


?ABT NO. 248—Suggestions for an Anto Mechanician's Outfit—for doing worn at homes of ante 

pr elsewhere—see text for other tools. 

' Gauge (as per chart 2t>3A) is also advised. 
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INSTRUCTION No. 44. 


THE AUTOMOBILE REPAIRMAN: Starting into the Auto 
Repair Business. The Auto Mechanician. Parts to Over¬ 
haul on a Car and Engine. Prices Usually Charged for 
Repair Work. Tools for the Auto Mechanician. 


Starting In the Repair Business. 


The auto repairman must know how to 
adjust any part of the car. To know how 
to adjust, he must first know the principle 
of the construction of the parts as explained 
in previous Instructions, and must know 
when and where to look for trouble. (See 
digest of troubles; Instruction No. 43.) 

▲bout one-half of the work of the auto¬ 
mobile repairman Is In making adjustments 
and fitting parts; such as carburetor adjust¬ 
ments, cleaning carbon, grinding valves, 
fitting horns, muffler cut outs, diagnosing 
troubles and numerous other little details, 
which does not require a machine shop, but 
does require a good assortment of tools, 
and a knowledge of the principle of the 
construction of a car. 

A machine shop Is not necessary, unless 
there is sufficient work to keep more than 
one machinist busy. A great number of 
■mall repair shops put in only the tools 
needed for the average repair work, and 
when they have a job of machine work to 
do, they take it to a machine shop. In 
other words, a machinist and an auto re¬ 
pairman follow two different trades. The 
auto repairman need not be a machinist; 
I mean by machinist, one who can turn 
all kinds of metal parts on a lathe and 
do actual machine work. Therefore, we 
will explain only the work the average auto 
repairman is called upon to do. 

▲ Few Pointers for the Beginner. 

When beginning work on a car or en¬ 
gine, remember system and order are two 
things every repairman ought to learn early, 
they mean success. 



Don't throw nuts or bolts on the 
floor. Place them in a box or pan. 

There is nothing more disgusting to a 
man who owns a car, than to walk into a 
repair Shop and find a careless workman 
dumping nuts, bolts, etc., here and there 
on the floor. That customer will say to him¬ 
self; if that workman is as careless as that, 
he is careless enough to leave a nut in my 
crank case and ruin my engine when it is 
started up, or he will leave off lock nuts or 


lock washers and cause me expense and 
damage. 

A little piece of metal, such as a piece of a 
cotter pin or the like, accidentally dropped into 
a can of grease or oil and subsequently put 
into the gear case of a motor car has been known 
to cause much damage, and give the driver or 
owner of the car considerable trouble and expense. 

A Careful Workman the One 
In Demand. 

If you do your work thoroughly and 
carefully and always do a little more than 
you agree to do, you will be sure to make 

a success. 



Before turning car 
over to customer be 
sure that all nuts 
have lock washers 
and srs tight. 


It’s the careful man 
the auto owner wants 
to handle his car; not 
the fellow he can’t de¬ 
pend upon. I will give 
you an example of a 
careless young man 
who lost his job. An 
auto owner had a 
young man overhaul¬ 
ing, his car; he told him to fill all the grease 
cups and be sure and see if the valve under 
the gasoline tank was tight; he had an idea 
it was leaking. He went away and when 
he came back that afternoon he asked the 
young man if he had attended to the dif¬ 
ferent things he told him to do; he said 
yes. Next day the auto owner was out on 
a country road and ran out of gasoline. 
He found that the young man had not ex¬ 
amined the valve carefully and the leak had 
exhausted the tank—the valve was in a 
difficult place to get at under the car, so he 
simply took it for granted that it was all- 
right and let it go at that; so you see a 
careless man is worse than none at all—it’s 
the dependable fellow who will win. 


Den’t Overcharge. 

We want to warn you that in the matter of 
charges, it pays to be liberal. Automobile re¬ 
pairmen like plumbers, generally have a reputation 
for exorbitant charges. Make it a rale to do a 
little more than you agree to. It is well to com¬ 
ment on your work in talking with the anto owner, 
like this: "I noticed that some of the nuts were 
ldose around the springs, so I went over all the 
nuts on the running gear and found that many 
needed attention. You want to watch those little 
things, and then you won't need me so often." The 
owner may not say anything out loud but he will 
certainly comment to himself, "there's a good re¬ 
pairman," and that is the most profitable reputa¬ 
tion you can establish. 

You are building a business for the future when 
you do your work right and treat your cus¬ 
tomers fair. 


•The Repair subject has peen divided into several instructions. A study of the headings of Instructions 
44, 45 and 46 A, B, 0 and D will give the subjects treated. 
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The Automobile Repairman and Mechanician. 
We will classify the automobile repair 
work Into two classes: first, will be the 


automobile repairman who works in a shop 
under a foreman. His work is laid out fdV 
him and he is advised just what to do. 

The second, is the automobile mechanician 
whom we will class as an expert; he will 
generally be found in the position of a fore¬ 
man, or operating his own shop. We also 
find him doing work at the homes of auto¬ 
mobile owners. 

For the sake of classification and names 
to distinguish this latter class of work, sup¬ 
pose we call the * * auto mechanician 1 ’ the 
one who makes a specialty of doing work 
at the home of automobile owners, in the 
auto owners private garage. 

The Auto Mechanician—how to start. 

Many men have found this werk profit¬ 
able and it has been the stepping stone for 
a future. This work also applies to ma¬ 
rine engine and stationary gasoline engine 
work. 

In order to successfully engage in this 
work, it is necessary for him to provide 
himself with the necessary tools to do the 
average work around a car. 

I dare say that nine cars out of ten need 
greasing; that is, the gears, differential, 
wheels and universal joints. This job is 
one that does not appeal to the auto owner 
and the chances are he is not prepared to 
grease his car if he wanted to. It’s easy 
enough to put grease in the compression 
cups and screw them down, but to grease the 
rear axle parts and universal joints, that 
is a different job unless he is supplied 
with the proper tool. The auto repairman 
with the Townsend grease gun, as shown in 
chart 242, can do the job quickly and easily. 

Then there are the valveB to grind, car¬ 
bon to clean out, lost motion in the valves 


to take up, compression to test—in fact, a 
general engine overhaul or a general ear 
overhaul would constitute the work that 
the auto mechanician could do on these spe¬ 
cial jobs. 

We have illustrated in chart 242 a good 
equipment for the auto mechanician who 
proposes to do this class of work. 

Very likely when the auto mechanician 
goes to an auto owner’s home to do repair 
work he will be provided with most mate¬ 
rial, such as oil, grease, waste, etc., but it 
is advisable to suggest a good oil and re¬ 
quest that the car be supplied with it, pro¬ 
viding the oil in use causes a great deal 
of carbon. In other words, it will be nec¬ 
essary for the mechanician to be able to 
diagnose all troubles and suggest their rem¬ 
edy, as well as make adjustment and over¬ 
haul the car. 

Auto Mechanician’s Outfit. 

Is shown in chart 242, which is suitable 
for general work around a car, testing etc- 

The average workman carries more tools 
than are necessary to the job, and often 
finds that even then he does not have the 
right one. A careful study of the cars han¬ 
dled usually 
shows that 12 
of the common 
tools will serve 
to do the ordin¬ 
ary job. It has 
been found 
that the follow¬ 
ing tools are 
most essential, 
and are adequate for most jobs: Four 
open end wrenches, Nos. 34, 26, 29, 734 ; 

1 monkey wrench; 1 main bearing wrench; 

1 connecting rod wrench; 1 screw driver? 

1 pair pliers; 1 valve cap wrench. 






Keep your tools in a box 


Don’ts For 3 

1— Lay wrenches, hammers, chisels, etc., on the 
fenders or on the seat cushions. Cover the 
fenders, and. remove the cushions during 
the work. 

2— Spill oil, or smear grease over the finish or 
upholstery. 

8—Try to squeese one car Dast another in the 
shop, oven though the fenders will spring 
enough to let the car pass. 

4—Pound the end of a shaft with a bare ham¬ 
mer. Use a babbitt hammer, or deaden the 
blow with a piece of brass or wood. 

A Oar 

The following enumerated list gives a de¬ 
tail of procedure in giving a car a general 
overhauling. Where the automobile owner 
keeps his car at home and cares for it him¬ 
self, nine chances out of ten his car and 
engine needs cleaning, greasing, valves 
ground, or carbon removed. All of the 
work mentioned below can be done in the 
auto owners private garage. This work 
then would require but a few well selected 
tool8 and chances are the auto owner would 

**Ses chart 100. Also pages 208 and 205. 


Repairman. 

5— Push a car around the shop, with greasy 
hands on the varnished surfaces. Either 
wipe your hands or place a piece of dry waste 
between your hands and the car. 

6— Leave a car standing in a pool of grease. 

8—Use an 18-in. Stillson on a %-inch nut. 

0—Sit on the cushions with your greasy over¬ 
alls. Spread a newspaper over them first, and 
don't put your greasy hands on doors, body, 
hood, etc. 

10—Use his gasoline just because its handier than 
to get some from store room. 

Overhaul. 

have most of them. Supplies such as oil, 
waste, etc. would be furnished by the auto 
owner. This class of work is well suited 
for the beginner or auto mechanician. 

Cleaning Engine. 

1— Clean engine outside with gasoline (see Index 

4 'Cleaning Engine." ) 

2— Clean engine inside with kerosene. 

3— Clean drip pan. 

4— Clean and pack pumps. 

5— Clean and adjust apart plugs. 

6— Clean the gasoline strainer. 
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Lubricating Engine. 

7— Fat fresh oil Into engine after cleaning (tee 
Instruction 46). 

8— Oil other parts of engine, as magneto, starter, 
generator, fan, etc. 

0—Screw down on all grease cape and refill. 

Cleaning Oar. 

10— Wash car (see page 607.) 

11— Polish body with body polish (see page 508). 

12— Clean clutch. 

S—Clean transmission and underneath car. 

4—Glean steering device. 

♦•Lubricating Oar. 

15— Screw down all grease cups and refill. 

16— Grease clutch shaft. 

17— Grease universal Joints. 

18— Fill transmission with lubricants. 

19— Fill differential housing. 

20— Grease steering device. 

21— Grease front wheels. 

22— Lubricate the springs. 

Inspection and Adjustment. 

23— Inspect all nuts and tighten. 

24— Inspect gasoline line and tighten all Joints. 

26—Inspect the balls of front wheels when greas¬ 
ing to see If there are any broken balls. 
Jack wheel and listen for a clicking sound. 

26— Inspect and tighten all loose water connec¬ 
tions. 

27— Inspect the tires and see If properly Inflated. 

28— Inspect the steering device and connections 
and tighten and grease. 

29— Inspect the springs and fenders and nuts, 
tighten and remove squeaks. 

30— Inspect rear wheels, see If loose, if so draw 
up on the nut. 

31— Inspect the differential, If noisy, take up lost 
motion. 

32— Examine brakes. If loose adjust than, also 
tighten spring bolts, nuts and spring dips. 


Inspection of Engine and Farts. 

S3—Inspect water hose on engine and replace 
with new hose if required. 

34—Inspect gaskets on engine and draw up on 
cylinder head. 

36—Inspect bolts and nuts holding cylinder to 
crank case and tighten. 

36— Inspect all nuts and tighten on crank case. 

37— Inspect generator adjustment and draw up 
nuts. 

38— Inspect the nuts bolding exhaust inlet 
manifold and tighten. 

39— Inspect for air leaks at carburetor, manifolds, 
spark plugs. If a leak engine will not Idle 
properly. 

40— Inspect all nuts and cotter pins and tighten. 

41— See that lock washers are under all nuts. 

42— Inspect the muffler and dean If necessary 
and tighten up. 

43— Inspect the timer or magneto and see if con¬ 
nections thereto are tight. 

44— Inspect horn, magneto, switch, generator, 
starter and battery and coll connections, see 
if there are any loose binding posts or con¬ 
nections. Don’t forget to tighten all ground 
connections. 

46—Inspect battery, see if all terminals are tight. 

46— Inspect and test the storage battery with a 
hydrometer (chart 204). 

47— Inspect starting motor and generator to see 
if there are loose connections. 

♦Engine Adjusting. 

48— Test compression. 

49— Glean carbon from cylinders. 

60— Grind valves. 

61— Adjust valve clearance. 

62— Test for weak exhaust springs. 

53— Test engine for knocks. 

54— Take up on any loose bearings. 

66—Fit piston rings if necessary. 

66— Check up the valve timing (see page 110). 

67— Glean and adjust spark plug gap.f 


Prices Usually Charged for Car Overhaul. 

The price usually charged is from 50 to 75c per hour. Quite a number make a flat 
price, for instance, after handling a few jobs, the work would come easier and systematic 
and you could then make a flat price of say $25 for overhauling and cleaning a Ford, 
(see Ford Instruction.) 

To give an idea for charges where you must make a flat price and where only cer¬ 
tain parts of the list are used we give the following scale. 


Gar bon removed, per cylinder.50c to $ 1.00 


Gleaning and adjusting spark plugs.75 

Oiling and greasing car . 1.60 

Gleaning car and polishing. 1.60 

Gleaning engine and drip pan.76 


Tightening loose nuts and cotter pins.76 

Tightening water and gasoline line.40 

Adjusting carburetor and valve tappets and 

tuning up engine . 2.60 

Grinding valves .6 to 10.00 


Sell Supplies. 


When the motorist drives up to your garage for gas or oil, or air for his tires, give his car the 
quick once-over and see if you can’t seU him some accessories. Here are the places you should look: 
first fill his tank, then ask if he wants oil, then fill his grease cups, and so on. After you have 
done one thing, turn to the next. 
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When a motorist asks for an accessory, this should suggest something else that you can sell him. 
But it’s not enough to ask him if^ he wants it. You’ve got to tell him why he ought to have it. 

That’s what these selling arguments* 
are for. Use them! 

This illustration gives a brief 
list of merchandise or auto 
supplies, etc., which the garage 
dealer ought to sell to his custo¬ 
mers. The illustration is taken 
from Motor World which is in¬ 
tended to be kept in front of the 
dealer in order that he me mo rise 
the list. 

Most sales of accessories are lost 
for the want of a word. Every 
car owner needs something, and a 
quick glance over the car—thor¬ 
ough and systematic—will reveal 
what it is. 




m meiux 


•♦See below for usual charges, and page 574 for charges for tire repair work. fSee page 642. 
♦Explained in Instruction 46. 
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Pig. 1.—Oarage. 

This garage is designed with a 
view to economy. 

This garage is a one story brick 
building, 60 by 40 feet, with the 
longer side toward the street; the 
interior height is 14 feet from floor 
to roof, and the latter is earned 
on trusses 40 feet long and spaced 
8 feet apart. 

A skylight 10 feet wide and SO 
feet long with windows, illuminates 
the garage during daytime. 

Near the middle of the street 
side (1), 15 feet from one end, la 
located the main door, which is 
10 feet wide. Entering through 
this door a row of four automo¬ 
biles is arranged at the right, while 
at the left is the entrance to the 
garage office. Adjacent to the of¬ 
fice door a board 8 by 8 feet is 
hung on the wall, on which check¬ 
ing forms, which constitute a part 
of the garage system, are kept. 

The office is 10 feet wide and 
15 feet deep, and besides the en¬ 
trance mentioned, has one doer 
leading into the repair shop and 
another into the garage proper, 
which has a floor space of 1275 
square feet. 


The space filled by automobiles is shown by shading, and there is enough room to accommodate nine 
ars of 124 inches wheel base and standard tread. The space between the dotted portions illustrate the 
assageway for automobiles driving to or from their assigned positions in the garage. Prom the garage 
•roper a 10-foot door leads into the back yard, and adjacent to this'door the washrack and charging out- 
t are located. 

The wash-rack is formed by a rectangle deepening toward its center, whence a pipe for the flushing 
rater leads to the sewer, or other drainage system. The water is supplied either through the medium 
f ready-made car wafcher, or through one-which can be readily made from %-inch standard pipe, a 
tuffing box, four elbows and about 12 feet of %-inch water hose, at a cost of less than $8. The method 
•f assembling the parts is shown in fig. 5, chart 246. 



no »-PLAN roe OARAGE IN DIAU. TOWN 


The repair shop in this small 9 car capacity garage is but 24 feel 
long and 15 feet deep, and, besides the door connecting it with the 
office, has a sliding door between it and the garage proper. This doer 
is sufficiently wide to permit of an automobile being passed through it 
into the shop, which also contains a small stock of raw material and 
repair parts stored in shelves SI and 82, and a tool shelf T. 


Fig. 8.—Garage. 

Another arrangement and equipment of a garage and repair shop 
suitable for a town of 3,000 population with good transient and country 
trade. The site of the building to be 50 by 120 feet, one-story brick 
or cement block, with the repair shop 40 by 50 feet at the rear. 

Fig. 8 shows a garage which would suit the requirements stated 
beside being convenient and cheaply maintained. It allows of can 
entering at one side and leaving at the other, thus avoiding any con¬ 
gestion in getting in and out. Gasoline and oil are handy to the 
street, besides being under tho direct scrutiny of the office. 

Posts should be barred and the roof supported by trusses, 
the working space much more valuable and saving many accidents to 
lamps, fenders and varnish. Heat is supplied by a hot-water appara¬ 
tus located in the repair shop. It is of the overhead supply type— 
that is, the supply veins extend from the boiler at the ceiling height 
and branches drop down to the coils and radiators and return just above 
or under the floor. Steam could be used, but the boiler would have 
to be sunk considerably in a pit before this could be used at all suc¬ 
cessfully. 

A small gasoline-electric generator set with suitable switchboard 
is suggested for electric charging and running the lathe and drill-press 
in caso the local service is not direct current. Sky or other kinds sf 
roof lights are a necessity if the garage is on an inside lot and are 
desirable in any case to make things cheerful and airy and attractive 
to transients who use it. 

Avenge space to allow for storage of can; 7 feet is the usual width. 
The length varies from 13 to 18 feet according to length of cars stared. 


ABT NO. 248—Two Plans for a Garage for a Small Town: 60x40 feet and 60x120 feet 

»tor Age.) 
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INSTRUCTION No. 45. 

BUILDING AND EQUIPMENT OF GARAGE AND SHOP 
and Approximate Cost. Layout for a small Garage and 
Repair Shop. Heating and Lighting a Garage. Tools, 
Machinery. Money Making Additions. Appliances and Use¬ 
ful Devices. How to Build a Home Garage. S. A. E. CSb 
U. S. S. Wrench Sizes. 


Many, after starting in a small way, by 
doing work at homes of automobile owners, 
soon earn enough to start up a shop of 
their own. We will now lay out a pro¬ 
cedure for starting a shop or garage. 

A garage is a place where cars are stored 
and cared for. Most garages also have 
shops in connection. 

If only a shop for repairing automobiles 
Is planned, then figure enough room to take 
care of at least four or five cars while 
working on them. 

A repair shop without the garage is 
profitable and can be started for much less 
capital. If the repair man is just start¬ 
ing out and his capital is limited the best 
plan is of course to start in a small way. 

The best time of the year for opening a 
public garage or repair shop, is in Febru¬ 
ary or March. At that time owners are 
getting their cars out of dead storage, are 
buying, new machines, or if they are dis¬ 
satisfied with the place in which they are 
storing their cars, they are prepared to make 
a change. It doesn’t make much difference 
as to the size of the city. 

The question to decide is the one of 
whether you intend to do strictly repair 
work or store cars and repair, also conduct 
an agency for some car and carry supplies. 

Oarage. 

▲ garage is termed a place for storing 
cars, but is sub-divided into departments; 
storing, salesroom, auto supply department, 
and repair shop. 

The garage equipment consists of suit¬ 


able space for the number of cars you in¬ 
tend to store, bearing in mind that the space 
devoted thereto should be utilized to the 
best advantage, for instance, cars which 
are used frequently and regularly should 
occupy that space where exit is easy, usu¬ 
ally nearest the exit. The wash-rack should 
be in convenient location and garage sup¬ 
plies, Buch as oil, and gasoline should be 
where convenient, yet not interfere with the 
space occupied by the cars. 

The salesroom, office, and stock room 
should all be carefully planned. The stock 
room quite often is utilized for small tools 
and accessories, but it is better to ^’iplay 
the accessories in some sort of showcase or 
shelves in a space in the salesroom. 

Repair Shop. 

The repair shop can be subdivided into 
departments as follows; machine shop, 
tire repair, welding room, electrical appara¬ 
tus and testing department. The testing 
department should be a space allotted for 
the purpose of diagnosing the troubles, be¬ 
fore actual work is begun. 

The electrical repairs constitute re-charg¬ 
ing batteries, work on the electrical ap¬ 
paratus, etc. 

By maintaining a system of departments 
in this manner, the parts belonging thereto 
are easily located, work turned out quicker 
and a higher degree of efficiency main¬ 
tained. 

An extensive line of repair work can be 
carried on in even a small garage, and the 
sale of extras and sundries will add ma¬ 
terially to the income. 


Garage and Shop Buildings. 


Successful garage operation is largely a 
question of systematic economy. This holds 
true for smaller garages even more than 
large ones, and therefore such an establish¬ 
ment requires great care in its layout, con¬ 
struction and subsequent operation. The 
more thought concentrated upon the sys¬ 
tem to be followed, once the building and 
equipment are ready for starting business, 
the fewer mistakes will be made and the 
greater will be the profit derived from the 
undertaking. 

▲ Mina Oar Garage and Shop. 

The type of a small country garage as de¬ 
scribed in chart 243 is designed for the 


storage and general care of %ine automo¬ 
biles. Besides the space necessary far 
garage work the building contains a well- 
equipped repair shop and an office which 
also serves as a reception room. 

In the repair shop a limited supply of 
parts and supplies is kept, the latter being 
provided for the accommodation of the 
garage patrons. The supply stock consults 
of the most important accessories, tires, 
tubes and ignition sundries, etc. 

▲ Fifteen Oar Garage. 

Including salesroom, accessory store and 
shop, is shown in chart 248-A, fig. 1 and 2. 
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Fig. +>r —Front view. Note the. drive way to 

garage, gives the show room a corner appearance 
and light. 

A 60x100 Garage Building. 

Figs. 1 and 2: ▲ one story building for a garage, 

salesroom, accessory store and shop—The scale draw¬ 
ing is shown in illustration to the left. The aiae of 
the lot is 60x100 feet. The building is erected so that 
another story can be added. 
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Fig. 1.—Plan view. The cars in front, near the 
shop doors should be the ones which are away from 
the garage the most. 

' The entrance to the garage is exposed so that light can be obtained from two sides into showroom. 
Thus, you have practically all the advantages of being on a corner. 

There is a small accessory store divided off from the showroom by showcases and an arch, a stock- 
room, private and general offices, rooms for men and women, garage space for fifteen cars, washraek, a 
shop big enough for five or more cars, and equipped with vulcanising, welding and electrical rooms. 

A 66x112 Garage Building. 

Figs.3 and 4: A one story corner building for garage, 
salesroom, accessory store, offices, toilets, garage and 
Shop. Sise of the plot is 66x112. 

There are two designs: fig. 4 is probably the prefer¬ 
able one considering all the conditions, but fig. 3 is 
the one to use in case a front entrance to the garage 
is considered essential. 

The objection to the front entrance is that it restricts 
the frontage so that the display space for showroom 
and accessory store is rather small, but with the on- 
trance on the side full advantage of the front may be 
taken and inasmuch as it may be considered as vain- 
able advertising space it is essential to use all of it 
for display purposes. The question to decide is whether 
the advantage of having the whole front for disploy 
more than offset the disadvantage of having the en¬ 
trance to the garage on the side street. Even if the 
garage trade is the most important part of your buai- 
ness, and evidently it is not, the side entrance is not 
very objectionable provided there is a large sign at the 
front stating that the garage entrance is on the side 
street. 

Fig. 8 has capacity for only five cars in the repair 
shop. Entrance to the garage is from both streets, but 
when the demand for space is strong, the last cars in 
at night may be placed in the side entrance way. 

Fig. 4, which has no front entrance for cars, is not only a more attractive building to look at but 
also the layout of garage and repair shop is "more convenient. 

As far as storage capacity is concerned there is little to choose, fig. 8 having room for twenty- 
eight cars, including five in the shop, and fig. 4 having space for one less, including nine in the shop. 
The shop in fig. 8 may readily be enlarged if desired, by lengthening it. 

Steam Heating a Garage. 
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Fig. 8.—Left—complete establishment located 
on corner and with front entrance. Fig. 4.— 
Right—same with no front entrance. 


As an example we will give the dimensions for garage 48x62: 
heating system working at a pressure of 5 " 



It is assumed that it is a steam 
lb. gauge and "'you will use an ordinary low-pressure steam 
boiler, such as is used in heating houses. (See fig. 2 this 
illustration for a suggested plan.) 

If you intend to place 
the boiler outside of the 
garage, you do not want 
to overlook tho fact that 
it should be suitably 
housed, so that no boat 
will be wasted in warm¬ 
ing the open atmosphere. 
The boiler must be set 
- so that the water line will 
be below the level of the 
lowest radiator or coil, so 
that the condensation will 
drain from the coils back 
to the boiler by gravity. 
If this ie not done, the 
heatine system will be 
very inefficient, as you 
will have to heat cold 
water up to the steaming 
point, instead of being 
able to reclaim seme of 
the heated water. 


CHABT NO. 248A—Suggested Lay-out for Two, One-Story Garage Buildings. 
Coils, 

m Motor World, by Harold F. Blanchard.) 


Steam Heating 
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A Twenty-Eight Oar Oarage. 

Including salesroom, accessory store, 
office, toilets and shop is shown in chart 
243-A, fig. 3 and 4. 

Heating a Oarage. 

The usual plan is by steam, or hot water. 
The method of assembling the pipes or coils 
is illustrated in chart 243-A. For garages 
of larger capacity there would be more coils 
and a larger boiler. 

Lighting A Oarage. 

Fig. 5, chart 24 3-B, illustrates types of 
lamps, reflectors, and the placing of same to 
advantage. 

Pointers on Office Work. 

While it is very important to operate the 
office in a systematic manner, about seven 
out of ten neglect this part of the business. 


In chart 243-B, a system of repair checking 
cards and how to use them is fully explained. 

The office, (fig. 1, chart 243) which is 
also equipped as a reception room; contains, 
in addition, a desk, table, chairs, safe and 
couch. The office is lighted by two 40-watt 
Mazda lamps with 12-inch diffusers. The 
price of the office furniture and safe is 
about $100. 

The system designed to take care of all 
the business of this garage is exceedingly 
simple. To earry it out, only three forms 
are required; a monthly checking sheet, a 
monthly supply sales sheet and a repair 
card. In addition to these forms an or¬ 
dinary ledger is used, in which each cus¬ 
tomer is given a page on which all his 
charges and credits are entered. (See chart 
243-B.) 


♦Garage and Repair Shop Prices for Storage and Repairs. 

The prices below are not standard but are about as near standard as can be compiled. 
Note the difference in prices to those who purchase gas, oil and grease from the company 
and who are regular customers and transients. 


Per Month—(Regular Customer). 


Roadsters, small, list under $1,400.$15.00 

Roadsters, large, list over 1,400. 20.00 

Tour, cars, small, list under 1,400. 17.50 

Tour, cars, 5-pass., list over 1,400. 20.00 

Tour, cars, 7-pass., list over 1,400. 25.00 

Coupes and enclosed cars. 25.00 

Limousine. 80.00 

Electric—(Regular). 

Runabouts . $80.00 

Coupes, victorias, etc. 85.00 

Cars with Edison equipment extra. 5.00 

Transient. 

Wash, polish-and storage, first night.$2.00 

Wash, poliah and storage, each additional 

night . 1.50 

Storage only, per night. 1.00 

Dead Storage. 

One-third regular rate.Per month 

Separate body storage, per month.$5.00 


Repairs Per Hour. 

Day labor, according to work....per hour $0.60 

Night work and outside work.per hour .90 

Sunday and holiday labor.per hour 1.20 

Shop room for chauffeura when owners furn¬ 
ish tools .per day 1.00 

Chauffeurs furnished to drive owner's car 

(day) . per hour .66 

Chauffeurs furnished to drive owner's cars 

(night) . per hour .60 

We will not be responsible for cars left for 
repairs or storage in case of fire, water, cyclone or 
other accidents, or if car is damaged in delivery to 
and from our garage. 

We are not responsible for articles left in cars . 
or in the shop. 

Note—the above is printed on a heavy card, 
14x24 inchea, framed and placed in a conspicuous 
place. 


♦♦Fixtures for a Garage and Shop. 


Fixtures for the repair shop should con¬ 
sist of such things as: Shelves and racks 
for tools, such as stocks, hack saws, etc., 
should be on the walls at the back of the 
vise. A set of stout drawers for keeping 
bolts and screws and brass rods should be 
provided. Some of the drawers should be 
fitted with locks and keys, for sometimes 
tools will disappear. Severed shelves should 
be put up for storing various spare parts, 
mandrills, etc., but it must be remembered 
that the shelves when full may have to 
carry a very considerable wedght; they 
should be stout and well secured. 

Fixtures for the garage would also con¬ 
sist of such parts as lubricating oil tanks, 
gasoline tank, wash hose and washing rack, 
heating plant, turntable, stock room, etc. 

A heating plant, either hot water or steam 
with coil pipes or radiators must be pro¬ 
vided. This plant should be in a cellar or 
on the outside of the building in a small 
brick enclosure. 


A turntable is very handy for garages and 
should be placed in the center of the garage. 

Next, fit np a wash rack as explained in 
chart 246. For the lubricating oils, a small 
enclosure can be provided made of wire fenc¬ 
ing with a lock and key. A stock room is 
next in importance, as explained on 
page 601. 

The gasoline supply should be stored in 
an underground tank, placed some distance 
from the building, from which it is piped 
to a pump located inside of the building near 
the wash rack. The gasoline tank should 
have from 120 to 280 gallon capacity. (See 
chart 244.) 

A gasoline pump can be connected to a 
tank under the sidewalk or in the rear. 

A Western gasoline pump, with the stroke 
adjustable for 1-4, 1-2, 1 and 2 gallons, 
and equipped with a 280 gallon tank, is 


♦See page 574 for standard price charged for Tire Repairing. 

♦♦See Instruction 46D. for useful home made devices for the Shop. 
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Fig. 5.—Three types of reflectors for lighting 

garage: Holophane type D’Olier steel type; 
12inch diffuser; Intense type D’Olier. 


Lighting the Garage. 

Fig. 5.—Lighting the garage—(applies to fig. 1, 
chart 243), but can be applied to other garages of 
larger size by adding additional lights. 

Naturally the repair shop requires even more elaborate 
lighting facilities than the garage space. It is there¬ 
fore equipped with five 60-watt lamps and two 25-watt 
' lamps, all of which are of the Mazda (tungsten type.) 
Three 60-watt bulbs W, fitted with Holophane D’Olier 
steel reflectors, fig. 5, and dropped from the ceiling 
to illuminate any part of the car being worked on, 
while two 25-watt lamps (Wl) (shown in the shaded 
circles fig. 1, chart 243), are fitted with the same sort of 
reflector and are so located as to be useful in seeking 
parts stored on the stock shelves (SI). 

Two 60-watt lamps (U) with Holophane intensive glass 
reflectors are dropped above the lathe, planer, and drill 
press, to shed a concentrated light on the work. 


Artificial Illumination of the garage proper is supplied by five 100-watt Mazda lamps, equipped with 
12-inch steel diffusers with white enamel finish, fig. 5. 

Special lighting provision is made for washing the cars; there are four 25-watt Mazda lamps locatod 
at the corners of the washrack, and these lamps are held in Holophane D’Olier steel reflectors, directing 
the light to the lower part of the automobile being washed. 

See also page 465—how lights can be utilized for battery charging also. 

Checking Sheet, Sales Sheet and Repair Sheet. 

As referred to on page 599. The office work can be greatly lessened by using this system. 

The checking sheet, fig. 2, is 8 feet high by 11 inches wide, with nine 1-inch-wide columns, allowing 
sufficient space for checking one car in and out every day of the month. Thirty-one horizontal lines are 

ruled one inch apart and the dates are printed 


Checking Sheet 

April 191 


Supply Sales Sheet 

April 191 
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Fig. 2. Fig. 8. 

Fig. 2.— Monthly checking sheet for cars housed 
in garage. % 

Fig. 3. — Monthly supply-sales sheet kept with 
checking sheet. 
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Fig. 4.—Practical repair card, combining repair 
order, material requisition and time card of work- 


der the heading ’’Date." Thus one square inch of 
space is provided for car “out” and "in.” The 
checking times are entered by the day workman, 
who spends his time keeping garage and cars in 
shape. After the end of the month the sheet ia 
filed for future reference. 

Gasoline, oil and other supplies bought by garage 
patrons are noted on the supply-sales sheet, fig. 8. 
If this sheet is made as large as the checking sheet 
it will last a full month. On the last day of the 
month the sheet is taken off its board, the sales 
are entered on the car owner’s pages in the ledger 
and the stock records corrected in accordance with 
the sales record. Then the monthly bills are sent 
to the patrons. Where materials of any kind are 
sold to any but regular patrons, the price and the 
notation “paid” is entered on the sales sheet in¬ 
stead of the number of the car. 

For the handling of repairs the repair card, fig. 4, 
is designed. These cards are used in series and are 
numbered consecutively. They consist of three por¬ 
tions with perforations between. The middle por¬ 
tion is filled out when a car is brought in to be 
repaired, the name of the owner, nnmber of car 
and date of the order being written on the blank. 
Then follow the specifications of the work to bo 
done. The card is then attached to the automo¬ 
bile and accompanies it to the repair shop. 

The upper portion of the card Is now used as a 
time card, the name of the workman and his start¬ 
ing and stopping times being entered upon it. As 
the work progresses the man checks every item of 
the work, and finally enters his total working time 
on the card. If it be necessary to draw upon the 
repair parts stock or buy material from outside, the 
lower portion of the repair card is used as a requi¬ 
sition, upon which the needed material is entered. 
If it is not in stock, and has to be bought, an or¬ 
der is made out after the requisition. In every eeoe 
the cost of the repair part is entered on the requi¬ 
sition, which is O. K.’d by the owner before an 
order is sent out. The repair work being com¬ 
pleted, a charge covering time and materials of the 
repair is made out from the parts of the repair 
card and entered on the ledger page of the ear 
owner. Thus when the monthly bill is made out all 
charges against a patron come up at once. 

When the repair card is no. longer needed it is 
filed away under its number, the file being kept 
with the ledger, in the safe of the office. This 
makes a very compact system, all parts of which 
are accessible to the owner of the garage at a 
minute’s notice, thus enabling him to keep hit op¬ 
erations on a high plane of efficiency. 


3HART NO. 248B—Lighting the Garage—Office System Pointers. 
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sold by the maker for about $200. A curb 
gasoline outfit is shown in fig. 10 chart 244. 

Lubricating oils should be carried in 
about three grades: Light, medium and 
heavy gas engine cylinder oil, also gear 
ease oil and greases, (see chart 244.) 
Sixty gallon tanks are usually provided 
for lubricating oils, and all are placed near 
the gasoline pump. 

A lubricating oil tank and a pump capa¬ 
ble of delivering anything up to the con¬ 
sistency of transmission grease, are made 
by concerns mentioned at bottom page 602. 
The entire gasoline and oil outfit would 
eost about $250. Smaller and cheaper lu¬ 
bricating tanks can be had as per charts 
244 and 244-A. 

Many useful devices, in the way of time 
saving additions are shown in charts 245, 
246 and 247, also see air compressors, charts 
237-A and 237-B. 

A forge is indispensable; if it burns coal, 
it should be under a separate roof. Gas is 
used quite extensively, however, for this 
purpose and may be placed in the shop. A 
good portable blacksmith outfit is shown 
in chart 247-G. 

An Inspection pit is useful, placed at any 
convenient place where the auto can be 
run over it. The pit permits the repair¬ 


man to get under the car and work and 
should be installed. (See charts 244-A 
and 245.) The writer’s pit is 6 feet long, 
2 feet 9 inches wide and 2 feet 9 inches 
deep. A mirror is very handy for throwing 
the light in dark corners when at work in 
the pit under the car. 

A chain hoist, for lifting the engine and 
other heavy parts, will pay for itself many 
times over in time and labor, (see chart 
247-G.) 

Fire extinguishers should be kept handy. 
The only part of the building, (if made of 
concrete or brick), that is liable to fire is 
the roof. In case of fire—keep two or 
three buckets of sand handy (or fire ex¬ 
tinguishers) to put out gasoline fire, as 
water is useless. 

A water connection in the repair shop 
will be handy and should be installed. 

Electric lamps with wire guards and a 
long cord for working around the car is 
very necessary. 

There is no end to the number of useful 
devices which can be installed in a repair 
shop and garage. We have selected those 
which are most necessary and will now 
suggest other desirable devices for use 
around a shop. (Bee charts 245 to 247 and 
Instructions 46 to 46-D.) 


The Stock Boom. 


More money is lost in the repair shop 
and garage by having supplies scattered 
over the shop promiscuously, than in any 
other part of the business. 

Every repair shop no matter how small 
should provide a stock room with a good 



See charts 247-A, 247-B, for list of 
supplies. 

lock and key and everything in the way of 
supplies kept therein. 

♦♦Money Making Additions. 


Systematic arrangement and a place for 
everything and everything in its place will 
save time and money. 

The stock room is generally placed in some 
convenient place in the garage or repair 
shop. It is usually constructed of lattice 
work with good Yale lock on the door. In 
large shops the stock room is in charge of 
a responsible person, whose business it is to 
keep the stock replenished and deliver ma¬ 
terial to the workmen and customers. 

Supplies in the rubber line. Repair shops can 
make extra money by carrying rubber supplies 
which are generally made by tire concerns, such 
as automobile spring bumpers, rubber horn bulbs, 
collapsible rubber buckets, etc. 

Automobile rubber mats which comes in rolls 
8-32 to % inch thick and 85 to 48 inches wide 
Matting also comes corrugated and perforated. 

Radiator hose, tire tape. Rubber tubing for 
gas: tire inflating tubing: comes in black, white 
or red. Sises ft, %e end % inch inside 

diameter. 


There are several extra additions which 
can be added, all necessary and well worth 
the investment. 

Tire department; a small or large vul- 
canizer for repairing tires, see fig. 2, page 
610. 

A battery charging department; for re¬ 
charging, starting, lighting and ignition bat¬ 
teries, see fig. 1, page 610, 460 and 462. 

During the winter months, there is much more 
of such battery recharging work brought to the 
garages because the cold weather reduces the 
eharge-holding capacity of the storage batteries, 
while at the same time the cold engines require 
more current from the batteries to start them. 

•See Instruction 46-D for useful Home-made 
**8ee page 848 for repairing tops. 


Oxy-acetylene outfit for welding and car¬ 
bon cleaning, pages 610 and 727. Of course, 
with all this more room will be necessary, 
but it is surprising how small a space all the 
above can be carried on in, if properly 
planned out. 

There is quite a profit in handling lubri¬ 
cating oils, grease and gasoline, and, if pos¬ 
sible, an equipment for handling same 
should be added. 

The car rental service is something worth 
considering and can be added in time. 

A supply department is very remunerative, 
providing the proper supplies are carried. 

Devices for the Shop. 
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Pig. 1—Lubri¬ 
cating oil tank. 
This tank can be , 
used for engine 
oil and general 
lubricating oil. 
It is made of 
galvanised steel 
and holds 60 
gallons. Fitted 
with a positive 
action force 
pump. The ad¬ 
vantage is that 
it keeps the oil 
covered, and free 
from grit and 
dirt. The Bowser 
Oo. of Ft. Wayne. 
Ind. make a 
more elaborate 
affair. 


In selecting sponges, chamois and waste, it is advisable 
to use only the best. 

Waste usually comes in bales of 50 or 100 pounds. It is 
economy to buy waste by the bale. Nothing but the very 
best white waste is suitable for automobile work. When 
waste has been used and ready to throw away, place it in 
a can, see Figure 3. 


Pig. 3 — A 
waste can is 

required by the 
insurance com- 
Fig. 2 — The panies, instead 
cress oil filter 0 f throwing 
will save oil greasy, oily, in- 
whkh in w rm■ il flammable- waste 
by filtering the on the floor, it 
used oil through i s placed in this 
this filter. It oan. Every gar- 
will also rid the R g e should have- 
oil of grit and this waste can. 
mineral s u b- 
stances. 


Fig. 4—T h e 
lover gasoline 
uid radiator fil¬ 
ler will prevent 
spilling .and is 
very easy to han¬ 
dle. It holds 5 
gallons. It is not 
advisable to put 
gasoline in the 
same vessel used 
for water, but if 
it is necessary, 
then place a 
chamois skin in 
*,he funnel, pour 
the gasoline 
through it. No 
water will then 
pass into the 
gasoline tank. 


Pig. 6—Illus¬ 
trates a smaller 
site pf dover 
radiator and gas¬ 
oline filler — ad¬ 
visable to have 
one each for gas¬ 
oline and water. 
This filler is alto 
.suitable for lubri¬ 
cating oil. 


I 


a difficult matter 
The French 
inches end 


Chamois Skins are used for washing and cleaning the body and fine surfaces. It is 
to obtain a good genuine chamois akin, but it is worth the difference in price to get the best. 
ch.moU .kin Ymo, to b« th. mo.t durable «nd plUble. Ohamoi. (kina com. in sin. 28x3* 

19x21. A package of chamois generally contain a doien. 

Sponges often times contain sand and grit, especially the cheaper grade. Many cart have received 
scratches^which cannot be removed by using the n ?? a best *F<mge 

Island Sheepswoo 1 sponres. They come in bales of 15, 25 30 and 50 pounds. 


Is the Reek 



The gasoline storage tank to 
supply gasoline inside of garage to 
a pump placed away from the tank, 
requires special installation on ac¬ 
count of the insurance. The tank 
can be placed in the ground 18 
inches below the surface. The In¬ 
surance Co.’s are very strict. The 
above plan is one that passes in¬ 
spection in New Tork Oity. 

Give tank 3 coats of asphaltum. 


Address some of the storage tank 
manufacturers: Western Oil Pump 
A Tank Oo., St. Louis Mo. O. K. 
Harry Steel Oo., St. Louis, Mo. 
Wayne Oil Tank Oo., Ft. Wayne, 
Ind. American Oil Pump Tank Oo., 
Oincinnati, Ohio. 



Pig. 10. A curb or road-side pump is 
shown. An electric light fixture with globe 
is placed above. The storage tank is buried 
under ground, usually as close to pump as 
possible—it is connected by a 1H inch suc¬ 
tion pipe with foot valve placed at the end 
of suction pipe. Standard tanks range from 
1 to 20 bbf. capacity. Parts are: foot valve, 
vented fill pipe with look, suction pipe and 
gauge stick. (The Am. Oil Pump A Tank 
Oo. Oincinnati O.) 

An air pressure gasoline system is Mf(d. 
by Allen Pressure System Oo. v 1926 Broad¬ 
way, N. Y. 


Pire extinguishsrs should be in cons¬ 
cious places about the garage. Gasoline 
often drips from a carburetor and back firing 
or a spark from a muffler will ignite the 
gasoline. Once a gasoline fire is started 
it is difficult to extinguish. Never use water; 
it will only serve to float the gasoline and 
spread the flame. If a fire extinguisher is 
not on hand, keep a box of fine earth or sand 
and dash over the flame. Flour will also da 
if nothing else is handy. 


Fig. 10. Curb gasoline pump. 


OHABT NO. 244—Oil and Gasoline Equipment. Waste, Sponges and Chamois. Gasoline Stonge 
Systems. 
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OIL-SETTLING TANK 
The oil drained from the crankcase is 
usually a dead loss, as it is unfit for fur¬ 
ther motor use. It is, however, suitable 
for lubrication of farm machinery or 
such light implements as the lawn- 
mower and the wheelbarrow, and may be 
reclaimed by the settling tank shown. 
The old oil is poured into the tank as 
fast as it collects and the sediment al¬ 
lowed to drop to the bottom, the clean 
oil rising to the top and being drawn off 
as required. The resale price should be 
made low to attract the trade, and is al¬ 
most a dear profit— 


REPAIRSHOP PIT 
A concrete repair pit, the depth of 
which may. be varied, is illustrated. 
Ledges are provided at different heights 
and boards may be placed across, giving 
the mechanic free access to the work. 
Much of the dampness of this type of 
pit is removed by the wooden floor and 
the space beneath. Several of the board* 
on one of the upper ledges may be left 
in place and used as shelves for the tools 
and for steps in getting into and out of 
the pit.— 


OIL-STORAGE TANKS 
The common type of oil-storage tanks 
j requires a pump and does not provide a 

t convenient place for keeping the meas- 

I ures. Gravity flow is somewhat handier 
and the installation requires less floor 
space. A simple method of storing sev¬ 
eral grades of oil and having them on 
tap is illustrated. The tanks may be 
, made by any tinsmith, and are provided 
with gage glasses that show at a glance 
the amount of oil on hand. The conical- 
shaped bottoms permit the draining of 
the last drop of oil and prevent the col¬ 
lection of any sediment. A shelf pro¬ 
vided with a drip-pan offers a convenient 
place fo *'keeping the receptacles. 


Fif. 4—Hew spring Is maps by winding 
wire around belt 


OIL TRANSFERRING 
SYSTEM 

Oil may be most readily transferred 
from the barrel to the storage can by 
the aid of a differential.pulley and suit¬ 
able grab-hooks. The differential pulley 
may be fastened to the editing be am s 
just over the oil storage room doorway, 
and if the storage cans are mounted on 
castors in the manner shown, they may 
be easily rolled under the suspended 
barrel, a hole drilled in the bung, and 
the oil transferred without further at¬ 
tention. The oil storage room shown in 
the sketch has several valuable features. 
First, the oil may be locked up, and is 
only accessible to the proper persons; 
secondly, the upper part contains a shelf 
in which the surplus stock of heavy oils 
and greases are stored^ 




jrfTtoir maoucM tjiblt 


TABLE FOR WASHING 
PARTS 

For any given quantity of gasoline a 
maximum of service with a minimum of 
waste in washing parts may be obtained 
by the use gf the washing table shown. 
The table is covered with sheet 'metal, 
the feature being the trough around the 
edge which serves as a return to the pail 
for the washing liquid. In returning, 
much of the heavier grease is dropped 
and may be scraped up and deposited in 
a can kept for that purpose. 


45 SLOCK UKLZ 


, CUTTING TIRE FABRIC 

A simple but effective device for per¬ 
mitting fabric to be cut on the bias, with 
a wet knife, instead of shears, is illus¬ 
trated. A hardwood strip, forming the 
straight edge, is placed 45 deg. across 
the tire repair bench, and each end fitted 
with hardwood angle blocks in the man¬ 
ner shown. These edges even up against 
the edge of the bench and secure a per 
feet 45 deg. cutting angle.- 


At POWERFUL GREA8E GUN 
A powerful grease gun for filling uni¬ 
versal joints and steering gears is illus¬ 
trated. The barrel of the gun is a piece 
of 6-in. pipe about 16 in. long, mid car¬ 
ries a metal piston having a single ring. 
This piston is forced downward through 
the action of a threaded rod, screwed 
into a cap at one end, and operated by 
a hand wheel. The other end of the bar¬ 
rel is likewise covered with a cap and 
carries a length of flexible tubing, 
through which the grease is forced to 
the part. The barrel is mounted on 
wooden uprights, and is large enough to 
permit one loading to supply several 
joints. The amount of grease used each 
time may be readily determined by 
weighing the gun before and after using 


PROMISE-RECORDING 

SYSTEM 

A visible promise-recording system is 
shown. When the car reaches the repair- 
shop floor, the work to be done is noted 
from' the instruction card, and the job 
promised to be done at a certain time 
This promise is recorded by means of a 
heavy bordered card, pasted to the wind¬ 
shield end having the initial letter of 
the day of the promise printed at the top 
center. For example, if the car is prom¬ 
ised for Saturday, a card having the 
letter M S” is used; if Monday, the letter 
M M." The foreman can then instantly 
see what must be got out each day and 
what promises are broken, and why. 


CHABT NO. 244-A—Miscellaneous Additions for Garage and Shop. Many other useful shop di 
Flees are shown in Instruction 46-D. 

(Motor World.) 
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Pig. 1—A pit is provided in most shops. The 
ear is rolled over the pit. Size of pit is usually 
6 ft. long, 2 ft. 9 in. wide and 2 ft. 9in. deep. 

A very well laid out plan for a pit is shown 
in chart 244-A. 

♦This creeper is 
easily made, and 
strong enough to per¬ 
mit a car to run over 
it without injury. 
Gross strips are 2xVi 
inch steel and bent 
slightly to give clear- 

"*• 3. Durable creeper. 

body of creeper low. Slats are 4x% in. hard wood. 


JiS wttcu 
CL MCE 


♦Fig. 5A—The Continental 

adjustable engine stand. 


Fig. 6. 

NUKE DO UK 

This portable service 
lamp was made both for 
night service in the shop, 
and for work on the 
road. A standard head¬ 
light. together with its 
bracket, is clamped to a 
pipe upright, bent as il¬ 
lustrated. This upright 


Fig. 4—A see-saw arrangement for working 

under car. 

Fig. 1—An inspection pit is useful; placed at 
any convenient place where the auto can be ru 
over it. The pit permits the repairman to get 
under the car and work. 

The pits are usually made as per the dimension 
nnder the illustrations. A mirror is very haadj 
for throwing light in dark corners when working 
under a car. 

Fig. 2—Where there is an elevator and no p& 

The structure serves the same purpose as a pit 
with the additional advantages of being portable, 
more cleanly, and more accessible. It permits tbt 
workmen to perform most of their operations by 
daylight instead of subjecting them to the ineffi¬ 
cient glare of an electric light bulb. No skids an 
required with this structure in any garage when 
an elevator is provided; the elevator with tbe 1 
vehicle upon it is simply brought to a stop at tb* 
height of the truck and the truck then adjusted 
so the car can be rolled upon it. Being mounted 
on casters, the truck can be moved easily to tbe 
lightest portion of the shop. 

Fig. 4—A good many devices have been invented 
to aid In getting under a car for doing repair week 
Where it is impossible to make a pit, somethin! 
like the illustration will be found useful, and wifi 
answer the purpose. As will be seen it can be 
raised to rest in a horizontal position, or either tbe 
front or rear may be raised as required. 
When at an angle, the front or rear asy 
be raised two feet. When in a horiseatsl 
position, as shown in the illustration, tbe 
elevation is about one foot. The apparatse 
’ consists of a light swinging runway up« 
which the car is pushed, when the reprir 
work is at the forward end pf the car tbt 
front is raised, and thus there is plenty rf 
room to work. When the wo!* to be dost 
is at the rear of the car, the oppoiit* 
incline is given. The method of fasteniaf 
the car on the incline shows f n itself, ll 
consists of two hinged pieces which rert* 
against the wheels. 


Fig. 2—Portable structure for working under 
cars where there is an elevator. 


is fastened to a base 
that is an old rear 
wheel flange bolted to a 
brake drum. Current is 
derived either from di¬ 
rect connection with the 
storage battery or by 
plugging into the dash 
lamp circuit.— (Motor 
World.) 


Fig. 7—Another method for working under a car- Front end of cfcr is hoists 
by chain and special made wood jacks are placed under axle. The et sods or jirt* < 
must be designed for least space possible—in order to give working /com heiv 
them. 

♦Fig. 6—The Continental assembly and welding table greatly beliji • 
all kinds and types of assembly work. It is not necessary to coni LmiaJCy chuff J 
the position of the article which is being worked on, in respect to life table, as tb* | 
table may be revolved and the work comes to the right position ,§ Th* table it ] 
instantly locked. 


OHABT NO. 245—Different Methods for Working under Cars. 

‘See advertisement of Continental Auto Parts Co. in back of this hock. 
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R*. 4—A chain hoist and frame 
a shown above is a necessity in 
repair shop for lifting engines 
rom chassis. The frame is made 
f heavy iron pipe with rollers, 
lao see other charts under “Re- 
air Shop Hints," Inst. 46-D. 





B made of structural steel and 
counted on four castors, is that 
he overhanging arm is pivoted so 
hat it may be swung from side to 
Ide. The block and tackle may 
• attached at three points on this 
rm. The swivel feature of the 
m is a convenience in removing 
r replacing an engine, as it al- 
iws for line adjustment or fa- 
iUtates removal by enabling the 
ngine to be swunp out over the 
haasis with a minimum of effort. 
*he construction is very substan- 
ial. 



This is an ideal shop crane or 
lOist which can be moved from 
lace to place. By running the 
ewer part under front of car, the 
(ngine or parts can be lifted, 
lanufactured by The United En¬ 
sue and' Manufacturing Oo., 
lanover, Pa., another type called 
he "Oanton" is supplied by the 
It.' Louis Machinist Supply Oo., 
It. Louis, Missouri. 





Fig. 6. 

♦An iron rail is a useful device 
for any shop. 


Fig. 6—Portable hose swing rack 
for washing cars. This rack is 
made of standard pipe and fittings. 
The illustration gives an idea of 
its construction. 

A wash is usually made about 
12 or 14 ft. wide and about 15 
or 18 feet long. It is made of 
granitoid arranged so that the 
water flows to a trap in the center 
for draining. 


When the crankshaft has been 
removed and the connecting-rod 
bearings are to be scraped, the 
bracket shown will be found con¬ 
venient for holding the crank¬ 
shaft on the bench. It is merely 
a metal angle with slots for bolts 
which go through the crankshaft 
flange. The support at the other 
end is a notched board. 


A washer with several hose 
outlets, which meets all require¬ 
ments and is not likely to get out; 
of order is made out of four lengths 
of hose suspended from pipe con¬ 
nections at the four corners of 
the wash rack. Each hose is 
connected to a plug valve which % is 
spring-closed and opened by a 
slight pull on the hose. The ad¬ 
vantage of the four-hose construc¬ 
tion is that it is simple, not apt 
to get out of order, and allows 
more than one man to work on 
a car. 


The saw stand il¬ 
lustrated is useful in 
cutting off a long bar 
of stock in a power 
saw. Its construc¬ 
tion is so simple that 
nothing further need 
be said. 



♦An engine stand that is adjustable as to 
width, and that is very light yet strong, can 
be made out of structural steel. The top 
members are 4-inch channels, the legs 2x8 
inch T iron, and the cross members are 
made of flat stock Kxl inch. 


♦A portable work 
bench—an improvement 
wot^d be to add shelves 
unoerneath for parts. 
Note the rollers (R) and 
handles (H). 



Another home made 
stand, for working on 
axles. 


IABT NO. 246—Time and Labor Saving Home Made Devices for the Shop and Garage—also se< 

charts 302 to 308-A. *See advertisement of Continental Auto Parts Co. in back of book. 
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Fig. 1 Fig. 2 Fig. 3 

Crane wheel pollers—-a complete outfit is shown. 

Fig. 1—the complete outfit with various length at¬ 
tachments ; Fig. 2—a special attachment which 
makes an arbot press; Fig. 3—removing a fly wheel. 
Mfg’d by-—Crane Puller Oo., Arlington Mass., also 
write to W. E. Prudden Hdw. Oo., 864, 8th ave. 
N. Y., for information on another type of wheel 
puller. 


lTD * 


S 


Fig. 4—This makeshift wheel puller 
is made from two long bolts B, with 
nuts, a short thick bolt D and three 
pieces of iron drilled as shown. 
These parts are applied to the wheel 
with the short pieces of iron behind 
the spokes of the wheel, and the bolt 
D communicating between the. bar and 
the end of the axle shaft. By taking 
up evenly on the two nuts with the 
wrench M and occasionally striking the 
bar opposite the bolt D with a ham¬ 
mer, a very stubborn wheel can be 
easily removed. 


Wheel Puller Made from Spring Clip. 


have been removed 
padlock safe-guards 
These drawers also 
the parts from dirt, 
bench or table. 


Pulling a wheel from a rusted axle is a bigger 
job than it appears. If the axle is greased before 
the wheel is put on, the probabilities are it win 
come off readily, if not it will, more than likely, 
be a task. A wheel puller can be bought of any 
auto supply house or one can be made by local 
blacksmith. Every repair shop needs a wheel puller. 

A wheel puller can also be utilized for removing 
fly wheels, transmissions, gears, collars, pulleys 
couplings, marine propellers, etc. 

This stock bin 
marker permits 
ready location of 
any bin in the 
stock room. It Is 
a sheet metal tag, 
bearing the num¬ 
ber of the bin to 
which it is at¬ 
tached. Am h 
projects out into 
the aisle, and is 
large enough to 
be easily read, the location of any 
desired bin may be seen at a 
glance. 

This tool box is made integr a l 
with its base, and is mounted on 
castors, so that it may be taken to 
the side of the car upon which the 
work ia to be done. The tool box 
proper is shallow, and contains a 
space for the more common toola. 
in addition to several small oom- 
partments for miscellaneous parts. 
The more valuable, precise and 
less frequently used tools are kept 
in a drawer beneath the box. 
which is locked unless in use. 

Substantial drawers of 
large size provide con¬ 
venient means for stor¬ 
ing parts removed from 
cars that are being re¬ 
paired. The usual meth¬ 
od is to place the parts 
on the bench, bat this is 
objectionable because 
there is always danger of 
them being mislaid or 
used on other cars. A 
drawer 10x18x24 in. Is 
large enough to take all 
the ordinary parts, such 
as bolts, nuts, washers, 
carburetor, magneto, pis¬ 
tons, connecting-r ©da, 
bearings, etc. The draw¬ 
er may be placed at the 
side of the car and as 
soon as all the parts 
it may be pat back in the cabinet. A 
the parts until they are needed again, 
aid in keeping the shop neat and protect 
The top of the cabinet may be used as a 


Fig. 5.—A htfme-made gear wheel 
puller: First get a piece of soft iron 
or steel. This piece must be 5 in. long 
and 1 in. square. Then find a long 
spring clip, the longer the better; cut 
the clip in two pieces at the bottom 
about % in. from the inside of the 
clip, then yon have the arms com¬ 
pleted. 

To make the cross-member have a 
piece of iron or steel 1 in. square by 
5 in. in length; drill a hole in the 
center and tap threads for a V4 in. 
bolt. Next you can drill three or more 
smaller holes on each side of the 
large center hole and tap these holes 
ont to fit the threads on the spring 
clip; then you have an adjustment for 
three or more gears. 


This home-made arbor press is made 

of channel sections from an old frame. 
It comprises an inverted U-shaped 
member, supported in an upright po¬ 
sition on the channel base as shown. 
The overall height is about 5H ft. 
and the width 4 ft. The pressure 
screw is carried on two large nuts that 
are old clutch flanges tapped out, 
both the screw and the nuts having 
square threads. An old flywheel, 
keyed to the lower end of the pres¬ 
sure screw serves as a hand wheel, 
and is provided with vertical pins so 
that a pinch bar may be used to in¬ 
crease the leverage. 



I 


Arbor presses are manufactured by Weaver Manufacturing 
jo., Springfield Illinois.) 


CHART NO. 247—Useful Devices for the Shop— continued. 

(Motor World.) 
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Assorted copper gaskets (asbestos lined) 
for such places as valve caps, inlet and 
exhaust manifolds, spark plugs, carbure¬ 
tor flanges, etc.—see index ‘‘Gaskets.” 

Assorted nuts shown to the right—-see 
page 609. 


Supplies 

Abrasive—for grinding in valves. 

Asbestos—sheet and wicking. 

Babbitt metal—for bearings. 

Burrs—iron and copper. 

Brake lining—see “Repairing brakes.” 

Belts—stove and carriage, assorted sites. 

Body polish—brass and nickle. 

Brads—assorted sixes. 

Brushes—paint, scratch, file. 

Bronse—cored bars for bushings. 

Cap screws—hexagon head; standard and 8. A. E. 
Ohalk line—for aligning wheels. 

Cotter-pins—assorted sixes. 

Oskrblde—in cans. 

Cocks—compression and pet. 

CasteUed nuts—assorted sixes. 

Chamois—for washing car. 

Cotton wicking—for valve stem packing. 

Cylinder oil—light, medium, heavy. 

Card board—for liners. 

Cup and transmission grease. 

Candle wicking—for packing. 

Clamps—hose and screw. 

Carbon—rod and bar, for brushes. 

Celluloid sheets—for top curtains. 

Cloth—crocus and emery. 

Drill rods and drills— 

Dry cells—testing not less than 25 amperes. 

Blls—brass; for gasoline and oil lines. 

Binary floor—fine, medium and coarse. 

Emery cloth—No. 00 to No. 1. 

Electric bulbs—2, 4, 6, 12, 15, 18, 21 and 24 0. P. 

(nitrogen and tungsten.) 

Felt—sheet and washers. 

Fibre—sheet and block. 

Flux—for soldering aluminum and brass.' 

Ground glass—for valve grinding. 

Graphite—powdered and flake. 

Grease cops—ft, ft. 

Gaskets—copper; assorted sixes. 

Gas tips—ft and 1 ft. sixes. 

Gas tank keys—for Prestolite gas tanks. 

Hand washing compound— 

Hexagon nuts—3-16 to ft. 

Hardware—and raw material. 

Hemp wicking—for packing. 

Hose—for radiator and gas. 

Hose clamps—for radiator hose. 

Inner valve parts—for tire valves. 

Iron—bars and rods. 

Iron—sh eet. 

Inner shoes—for blow outs. 

Key stock—in bars. 

Kerosene—for general cleaning. 

Keys—Woodruff and straight. 

Leather—(heavy) for under radiator and bodies 
and refacing cone clutches. 

Lard Oil—for thread cuttings, tapping and drilling. 



for the Stock Boom. 

Lamp black— 

Lock washers—*4 to ft in. 

Mobohne—for packing. 

Neats foot oil—for clutch. 

Nalls—assorted. 

Outer shoes—for cuts in casing. 

Pipe plugs—iron and brass ft to ft inch. 

Plugs—see spark plugs. 

Paper—heavy brown, sand, emery. 

Platinum pouts—for interrupters and vibrators. 
Rivets—iron and copper, assorted. 

Rubber—sheet packing fta to %«. 

Rubber—tubing for gas, air, tire, hose, (see tire.) 
Rubber—matting. 

Sheet—iron, brass, copper, tin and lead. 

Shims—laminated. 

Solder—half and half, string and aluminum. 
Soldering compound— 

Screws—machine, cap, lag, wood and set. 

Steel rods—bar, tool. 

Spark plugs—ft inch, 8. A. E., metric (page 288). 
Switches—push, snap. 

Shellao—for gaskets, etc. 

Spring—steel and assorted springs. 

Steel bars: Few feet of ft. inch, ft inch, ft inch, 
ft inch, ft inch, ft inch and 1 inch iron bars, 
also steel, brass and wire rods. 

Tees—ft, ft, brass for gas lines. 

Tacks—assorted sizes. 

Tubing—copper, brass, for gas and oil lines ft, ft 
inch, this tubing generally comes hard, but can 
be annealed (softened) by heating it. 

Tape—adhesive; for electric wiring. 

Taper pins—ft to ft inch. 

Unions—brass, ft inch, and soldering connections 
for gasoline lines—chart 274-B. 

Valves—for gasoline and oil lines, tire valves and 
oversise valves for engine. 

Valve caps—for leading engines, valve caps for tiro 
valves. 

Wire—copper, brass, spring, piano, and insulated. 
Wire—for wiring cars as; primary flexible cable 
and secondary cable. 

Washers—punched, split, and brass. 

♦Copper Gasketa used for Spark Plugs. 

8. A. E.—ft in. (inside dia. ft in.) (outside dia 
lft in.) 

Standard—ft in. (inside dia. in.) (outside dia. 
1%2 inches.) 

Metric—(inside diameter tftj) (outside dia. •%*.) 

See page 238 for the different types of spark 
plugs, and chart 247-DD for sixes and dimensions 
and the proper wrench to use for the different types. 
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7HABT 247-A—Some of the Supplies for the Stock Boom. The selection and quantity is governed 
by the demand. See also pages 601, 608 and 609. 

•8eo also pages 289 and 717. 
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Valve adjusters for placing 
over the valve end of Ford 
engine valves to take up wear 
and lessen noise. 



Hose clamps 

are necessary. 
This type is the 
Sherman wrought 
brass clamp to fit 
radiator hose be* 
low. 



Spark and throttle ball-joints used for connect¬ 
ing magneto timer levers and carburetor throttle 
lever, with levers on steering wheel. They eliminate 
all lost motion and give more perfect control. Screw 
end fits £he timer and carburetor lever, tapped hole 
fits connecting rod.-—They come 25 in a box, as¬ 
sorted (Stevens A Co..) 


Grease and oil cups 
ought to be carried in 
stock room. 

Sizes of grease cups 
run as follows: 

000—% in. pipe thread. 
00—Hin. pipe thread. 
•0—%—or % in. pipe 
thread. 

Diameter of 000 is % 
in., 00 is 1 in., and 0 is 
1% in. 

Oil cups run as follows: 

No. 1—*4x32 thread, % in diameter. 

No. 2—%ox32 thread, in. diameter. 

No. 8—%x24 thread, )4 in. diameter. 

No. 4—%«x24 thread, %e in. diameter. 

E. Edelmann Co., Chicago, manufacture 
this class of material. 





Fig. 1—Solderless fittings for gasoline, gas lines, 
etc. (1) Showing how ends are drawn together. 
(2) Check valve straight. (S) Tapered female 
% inch pipe one end. (4) Nipple union, male )6 
inch pipe one end. (5) Elbow male. (0) Elbow 
coupling. (7) Tee coupling on opposite ends, \k 
inch pipe thread (male) on other. (8) Tee angle 
coupling, male thread one end. (9) Tee angle 
on three ends. (10) Elbow coupling on one end. 
female pipe thread on other. 



Exhaust 

“cut-outs’* are 
frequently de¬ 
manded by on¬ 
to owners. 
Every stock 
room ought 
to have a few 
sizes in stock. 


Many ears 
now days are 
equipped with 
tire carriers. 
Here is eae 
easily applied 
and with lock, 
for the Fori. 
Made by 1. 
Edleman Os, 
Chicago, IB. 


Radiator Hose. 

(3 and 4 ply steam hose.) 

4 ply hose Price 

% in. inside diam., per foot.9 .50 

1 in. inside diam., per foot.50 

1)4 in. inside diam., per foot.55 

1)4 iu. inside diam., per foot.62 

1) 4 in. inside diam., per foot.75 

1% in. inside diam., per foot. .87 

2 in. inside diam., per foot. 1.00 

2) 4 in. inside diam., per foot. 1.12 

2)4 in. inside diam., per foot. 1.25 

2% in. inside diam., per foot. 1.35 

8 in. inside diam., per foot. 1.50 

Rubber hose for radiator should be 
carried in all stock rooms. 



Dies for threading small pipe, H, 14. 
%, )4, inch, outfit No. C-260 made by 
Greenfield Tap A Die Corporation, Green¬ 
field Mass., retail for $7.50. 



OH cans. 



An assortment of eot- 
Pipe tap for threading pipe ter pins, 84, 1, 1)4, 1% 
fittings etc., (see chart 285-C). and 2 in. lengths. 
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3HABT NO. 247-B—Miscellaneous Fittings and Supplies for Oarage and Shop. 
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Standard and ovar sise 
platan rings. 


Pistons and Bings. 

♦Over-sis® pistons are necessary when cylinders are rebored or 
reamed out. They can be had from firms mentioned bolow or £:om 
the manufacturers of the engine. Standard—over sizes for the 
Ford engine are .0025, .005, .010, .03125, .0625. Pistons are 
fitted with bushings, made of bronze and reamed. 

Piston rings —assorted sizes should be carried in stock. To 
determine sizes to carry see “Specifications of Leading Cars' 9 — 
pages 543 to 546, and note bore of different engines. Those sizes 
on cars you repair most, are the sizes to carry in stock. 

♦♦Over sise piston rings are at times all that are necessary, if 
cylinders are not bored out too much. 

Mitre cut and step cut standard sizes are 3%x4% inches and 
oversizes .0025-.005-.010-.015-.03125-.0626. 

Partial List of Cars for Which Piston Bings in 
Assortment May be Used. 

The following assortment is supplied J>y Stevens ft Co.,— con¬ 
sisting of 125 high quality rings made up of 14 sizes; 3%x^ to 
inclusive—the sizes which are for many older model cars— 
see pages 543 to 546 for bore of later models. 


t%x9ie—Buick, Empire, Hudson, Moon, National, 
Overland, Pullman, Regal, 8-G-V. Velie, 
White. Mitchell-Lewis. 

S% x % —Ford, Jeffery, Marion, Mets, Paige-De- 
troit, Pullman, Velie. 

S% x 94—Cameron, Chalmers, Loiier, Stevens-Dur- 
yea. 

4 x 9ie—Alden-Sampson, Flanders, Interstate, 

Marion, Overland, Peerless, Regal, 
Velie ’09. 

4x 94—Abbott-Detroit, Auto Car, Chalmers, E. 

M. F., Franklin, General Trucks, Hud¬ 
son, Jackson, Marion, Maxwell, Mitchell¬ 
Lewis, Moline, Moon, Oldsmobile, Over¬ 
land ’09, Packard, Paige-Detroit, Peer- 
lesa, Pierce-Arrow, Stanley, Studebaker, 
Stutx, Velie. 

4 x fa —Buick, Cadillac, Cartercar, Cole, Jackaon, 
Maxwell, Oakland, Regal, Reo. 

4% x % —Allen, Abbott-Detroit, Hudson, Marion, 
Pathfinder, Pope-Hartford, Studebaker. 


9ie —Cartercar, Cole, Jackson, Oakland, Olda- 
mobile, Peerless. 

414 x *4—Brock way. Buick, Case, Chalmers, Fed¬ 
eral, Franklin, Haynes, Interstate, Loco¬ 
mobile, Maxwell, Mitchell, Moon, Pierce- 
Arrow ’08, Stutz. 

444x9ie—Cadillac ’10. Cartercar, Cole, Haynes, 
Marathon, Maxwell, Mitchell, Oakland, 
Oldsmobile. 

4% x 94 —Abbott-Detroit, Apperson, Cartercar, 
Case, Franklin ’ll, Haynes, Interstate, 
Locomobile, Mercer, Moon, Packard, 
Pierce-Arrow, Rambler, Stearns, Velie, 
Winton. 

4%*9ie—Buick, Cadillac, Cartercar, Cole, Max¬ 
well, Mitchell, Oakland, Peerless. Pull¬ 
man, Winton ’09. 

4% x *4—Interstate, Jackson, Moon, Stevens-Dnr- 
yea, Stutz. 

4 94 x %e—Auto Car, Mitchell ’09, Oldsmobile, Pope- 
Hartford. 



Standard and over size 
valves—rough and finished. 



Copper wire ter¬ 
minals about 94 
actual sise. 


Over-Size Valve-Stems. 

To be used when guides are reamed out. Usually only fa inch, 
and it is therefore impracticable to put in a bushing. Weak suc¬ 
tion and lean mixture troubles are generally due to leaking pis¬ 
ton rings, but are also, in many instances due to worn valve stems 
and guides. 

Copper Wire Terminals. 

Are a very handy article to have on hand, as a quick and per¬ 
manent attachment can be made by their use. All wire ends 
should be fitted with terminals as this is the one big source of no 
end of trouble (frayed ends and poor contacts) with their use, 
this is entirely eliminated. 

No. 2 is the right size for most of the primary cable used and 
No. 6 is for secondary cable use. 

Thumb Screws and Wing Nuts. 



Wine nuts. 


For license brackets, are handy devices especially where li¬ 
cense plates are removed from time to time. The leather and steel 
lockwashers insure against loss when screwed up tight. 



Assorted Nuts, Washers, Pins, Etc. 

A good way to purchase this material is in as¬ 
sortments, which consist of one box each of the 
following assorted articles: cap screws, taper pins, 
cotter pins, hex nuts and lock washers. This makes 
a very convenient assortment and ia especially popu¬ 
lar among garage men and repair shops. The five 
boxes are neatly packed in strong cardboard box 
and retails for 91.50. (Stevens Oo., 875 Bdw’y N.T.) 


♦Manufacturers of aluminum pistons: Green Engineering Co.. Dayton, Ohio, Butler Manufacturing 
Oo„ Indianapolis, Ind.; McQuay-Norris Oo., St. Louis, Mo. *Ford cylinders are 394* bore but wifi 
aland about %s* larger bore. Aluminum pistons are supplied in sizes from 894 to 96s* larger only. 


wam NO. 247-BB—Pistons. Bings. Valves. Copper Terminals. License Brackets. Wing Nnts- 
(alee see Ford Instruction.) 

Bat pages 651 and 648, “Piston and Piston Clearance.’’ and page 654, “Piston Rings." 
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Money Making Additions To a Garage. 


BectlSer* for charging storage batteries, see 
pages 465, 463 and 864-K. 

Motor-generator sets for charging storage bat¬ 
teries, see pages 462 and 864-L. 

Decarbonizing outfit; see pages 624, 726, 727. 
Oxy-Acetylene outfit; see pages 727, 726, 720. 


Air compressor outfit per page 564. 

Cylinder reboring machine, a profitable invest¬ 
ment, see pages 653, 654, 616. See also Top Ra- 
pairing, page 847. 

Tire repairing is one of the best investments, nee 
page 574 and below. 


Vulcanize™, Tools and Tire Repair Material. 


There are two methods of preparing a tire to vul¬ 
canize; the ‘‘sectional” method as explained on 
page 573 and the “wrapped tread" method as 
per page 575. 


-<I 


FIG 7 air bag 


no • 


When the sectional 
method is used there 
are two methods of 
holding tire in the 
mold; bv a "clamp" 
as per ng. 8 and by 
an "air bag" as 
per fig. 7, and fig. 
29, page 574, which 
expands the tire. 
There are also two 
methods of repairing 
side-wall and bead 
repair; by use of 
"air-bag” and a "bead mold" per fig. 29, page 
474, and by use of a "clamp" and "bead mold," 
per fig. 8A. 

The electric vulcaniser, fig. 11, and the Shaler 
steam vulcanlzer; fig. 2, page 574, vulcanizes a tire 
repair by the "wrapped tread" method as per 
page 575. Air bags are not used, but inside molds 
are inserted for inside repairs and outside molds, 
or hot plates for outside repairs. 



A Sectional Steam Vulcanlzer. 

The model 6 F (A. K.) vulcanlzer, fig. 30, suit¬ 
able for small repair shops in towns where there 
are a fairly good number of 4%” and 5" tires, vul¬ 
canizes by the "sectional” method with which air 
bags are used. Steam is generated in boiler B, by 
gas or gasoline fuel connected at (G). 

There are two cavity 
molds, CB for 4% , 
5" tires and CD for 
4", 3%" tires. Tires 
3" size can be vul¬ 
canized by placing 
the 3" mold BM in 
the mold CD. These 
molds will vulcanize 
"inside” and "out¬ 
side” of tire also 
"side wall” and 
"bead” repairs. 8ee 
fig. 29, page 574, and 
note the bead mold, 
also M, fig. 30. 

After tire is pre¬ 
pared to be vulcan¬ 
ised (see page 573) 
an air bag is in¬ 
serted, then placed 
in mold CB. Air bag 
is then inflated to 
50 lbs. pressure, clamp C applied and steam turned 
into mold at 8. 

Where there is considerable repairing the Inside 
repair mold or patch (4) fig. 6, page 574 is used. 
This is also handy for thoroughly drying out tires 
before vulcanizing. 

Inner tubes are vulcanized by placing over rack 
(1 R) and part to be vulcanised is placed on plate 
(1 T) through which steam passes. 


Fig, 30 + Similar 
to principle (3) 
and (2) fig. 6, 
page 574. 



Cost of Tire Repair Outfit. 


1, model 6F vulcanizer (fig. 30).$245.00 

5, airbags, 3* to 5" x 16" Tong . 22.70 

1, gal. No. 1086 vul. cement. 2.40 

1, qt. No. 1043 cold patching cement.... .67 

1, lot inner tube valve patches. 1.50 

5, lbs. ‘tread stock (cures gray). 5.00 

10, lbs. *tread stock (cures black). 10.00 


5, lbs. inner tube ‘repair stock (red)... 7.50 

2, lbs. inner tube ‘repair stock (gray).. 3.00 

2, lbs. inner tube ‘repair stock, cured on 

one side only, for inside reinforcement. 3.00 

5, lbs. cushion stock . 6-25 

5, lbB. breaker-strip fabric . 6.25 

5, lbs. bead cover fabric . 10.00 

10, lbs. carcass fabric . 15.00 

5, lbs. carcass fabric frictioned one side 
only, for last ply next to tube and re¬ 
inforcements . 11.25 

1, lot asst’d sizes Schrader valves, inner 
valves, valve caps, soapstone, waxed 

paper . 7.50 

1, lot tire tools per illustration**. 7.50 


Total .... $364.52 


rfim w f-.j 



“Tire repair tools for a small shop. One can 
practice on old tires to acquire experience. Learn 
the construtcion of tires, as explained on pegna 
565, 564, 573, 574. 559. 



Fig. 11. Shaler 

electric v ti I- 
cenlzer. 


The Shaler steam vnl- 
ranizer. fig. 2, page 574 
and the Shaler electric 
vulcanizer. fig. 11, are 
much lower in price 
than the model 6F. 
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Beans vulcanizing rubber. **Other necessary tools are: heavy hammer and tire irons for removing tires, 
"4 in 1” valve tool per fig. 5, page 568. Air pump, also a buffer for cleaning carcass of tire after old rehhw 
las been cut away. See also fig. 20, page 735. See also page 611. 
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Vl|. 1—The popular 
8-wrench. 


Fig. 2 — Engineers* 
single head wrench. 


TABLE NO. 96. ***' 

Tint and fourth columns give the trade number of Wil¬ 
liam** wrenches and those sizes marked are ones most used 
for auto work.* 

Second and fifth columns give the actual diameters of the 
body of the bolts and cap screws. 

Third and sixth columns give the milled (or actual) open¬ 
ing size of wrench at each end and are the sizes suitable for 
the heads and nuts with allowance for an easy fit. 


Fig. 8 — Double 
head engineers* 
wrench, machinists 
type. 


Socket type wrench 
with bent handle. 


For U. S 

Openings 

Nam- 

Standard Nuts 

Milled 

ber 

Size Bolts 

l 



•721 


21 I/8&3/I6 

22 1/8 & 1/4 

•23 3/16 ft 1/4 

24 3/16 & 5/16 

25 1/4 ft 5/16 

26 1/4 ft 3/8 

•27 5/16 ft 3/8 

28 5/16 ft 7/16 

a 29 3/8 ft 7/16 

JO 3/8 ft 1/2 

31 7/16 ft 1/2 

• 32 7/16 ft 9/16 

»J3 1/2 & 9/16 


5/16 ft 13/32 723 

5/l6ft 1/2 • 723A 

13/32 & 1/2 
13/32-&19/32 725 

1/2 ft 19/32 *725A 


1/2 ft 11/16 
19/32& 11/16 
19/32 ft 25/32 
11/16 & 25/32 


For Hexagon 
Head 

Cap Screws; 
Diameter 
Screws 


1/8 ft 3/16 5/16 ft 3/8 

1/8 ft 1/4 5/16 ft 7/16 


723 3/16 ft 1/4 

723A 3/16 ft 5/16 


1/4 ft 5/16 7/16 ft 1/2 
1/4 ft 3/8 7/16 ft 9/16 

, /I6&3/8 1/2 ft 9/16 

5/16 ft 7/16 1/2 ft 5/8 


•725B 5/16 & 3/8 
726 5/16 ft 7/l< 


11/16 ft 7/8 
25/32 ft 7/8 
25/32 ft 31/32 
7/8 ft 31/32 


727 

3/8 & 7/16 

9/16 ft 5/8 

728 

3/8 ft 1/2 

9/16 ft 3/4 

• 729 

7/16 ft 1/2 

5/8 ft 3/4 

730 

7/16 ft 9/16 

5/8 ft 13/16 

731 

1/2 ft 9/16 

3/4 &'13/16 

731A 

1/2 ft 5/8 

3/4 ft 7/8 


1/2 ft 5/8 
9/16 ft 5/8 

%'A 1$ 


ft 5/8 7/8 ft 11/16 

ft 5/8 3I/32&1 1/16 

ft 3/4 31/32&1 1/4 

& 3/4 1 1/16 ft 1 1/4 

1 1/16&1 7/16 


9/16 & 5/8 13/16 ft 7/8 

9/16 ft 3/4 13/16 ft 1 


3/4 ft 7/8 1 1/4 ftl 7/1 


5/8 ft 3/4 
5/8 ft 7/8 
3/4 ft 7/8 
3/4 ft I 


7/8 ft l 
7/8 ft 1 1/8 
1 ft 1 1/8 
1 ft 1 1/4 


3/4 ft 1 1 1/4 ftl 5/8 *737 7/8 ft 1 1 1/8 ft 1 1/4 

7/8 ft \ 1 7/16ft 1 5/8 738 7/8 ft 1 1/8 1 1/8 ft 1 3/8 

739 1 ft I 1/8 1 1/4 ft l 3/8 

7/8 ft I 1/8 l 7/i6ft 113/16 739A 1 ft I 1/4 l 1/4 ft l 1/2 

| ft 1 1/8 i 5/8 ft 1 13/16 739B I 1/8 ft I 1/4 1 3/8 ft 1 1/2 

I ft 1 1/4 1 5/8 ft 2 - 

I 1/8 ft 11/4 1 13/1642 


♦The above list is the Williams double head open end 
wrench per fig. 8 above. *Numbers 21 to 45 will fit U. S. 
standard nuts and bolt head. 

♦Numbers 721 to 789B will fit cap screw heads; U. 

8. A. B. 



Garage Wrench Set. 

Williams “Big 10’’ wrench 
assortment for general auto¬ 
mobile work—illustrated to 
'he left and tabulated as to 
-rises below. Note it is 
a recommended assortment 
taken from the above list 
(table 96). The St. Louis 
Machinist Supply Oo., St. 
Louis, carry full line of 
these wrenches—also other 
Supply Houses. 


“EXTRA CAPACITY** OaRAOE. BTC. \ 


» Table) SET, “BIO TEN.” No. 18 


SouO Large Small'Large Nuu and Nuu and 
Head Headj Head Head Cap Screw Cap Screen 
72 i l/T 1/8 i 14 1/4 

i s/l* 1/4- 516 3/16 5/16 

a 4 ***/* w 7% 

7 • 7/16 1/2 7/16*1/2 1/2 

\?u U ’ lu 


n r i 1 


1/4 I 3/S*U/16 3/S*ll/l« 15/16*1 


5/16*3/8 fl2 $ 17 $ 26 
1J/32&I/2 .14 21 .32 

7/16*9/16 .17 .25 .38 

19/32*11/16 21 .31 .46 

5/S&3/4 .25 .37 .56 

13/16*7/8 .30 .45 . 68 

25/32*31/32 .37 .55 .85 


1 1/8*1 1/4 .66 96 1.4< 

I 1/16*1 7/16 l.OOll 40 1.91 
3 jgU 22 7.61 


used Open End Wrenches. 

, . Probably the most abused, least con- 

lDe 1 sidered and yet the most indispensable 
tool in the kit of the mechanic is the 
ipen- wrench, the solid open-ended wrench, 

5 for known to the British mechanician aa the 

fixed spanner and known in the United 
States as the machinists' wrench. 

- -- Of the many kinds of wrenches, the 

cheapest, strongest, most efficient and 
most durable is the open end wrench, 
ninss. This style of wrench varies in quality 

lied and price in the following order; fray 

iron castings, malleable iron casting*, 
sheet steel stamped and steel drop forg- 
7 ““— ings. The drop forged wrench is su- 

r/i6 perlor. See illustrations for proper 

3/8 ft 7/16 name' of the popular type of open-end 

3/8 & 1/2 wrenches. 

. .. Open end wrenches are used on cap 

ft 9/?6 screws, bolt heads and nuts. 

ft ?/I 6 They may be divided into two general 

* 5/8 classes, the U. 8 . S. and 8. A. B. The 

£ 5/8 only difference between them is the width 

6 3/4 of opening between the jaws. 

& 3/4 A standard wrench for a U. S. 8 . 

& 13/16 bolt will not fit a ft" S. A. E. cap screw 

&' 13/16 and vice ver8a - 

ft 7/8 The S. A. E. wrenches are usually of 

ft 7/8 the “cap screw site*' and the U. 8 . 8 . 

* 1 wrenches are of the “U. 8 . 8 . bolt And 

. . nut else.'' Table 96 explains and also 

ft 1 1/8 gives the various sizes for automobile 

ft 1 1/8 work. The head is always larger on a 

ft l 1/4 U. 8 . S. bolt than on a cap screw. 

ft 1 1/4 Markings — Wrenches are usually j 

ft i 3/8 marked with the size on each end. They 

ft 1 3/8 are also marked with the manufacturer* 

y \ \ number, this number is an indication to I 

*±J±L itt 8 ize, see table 96. 

Probably the most universally used 
wrench is the Williams wrench, as per 

end table 96, 

J. S. How to find the size wrench to fit an 

8 . A. B. cap screw bead. See table 97, 
j. or chart 247-DD. 

How to find the size wrench to fit a 
standard bolt and nnt—see table 98, 
chart 247-DD, or refer to table 96 on this 
page for additional information. 

A rig. is — 

Waldens No. 
ioo thin 

_Jwrench set 

for cloae 

places, check nuts. etc. Sizes are: 1; % ; %: 

fie; ttj %e; %; fie; and H inch (actual width of 
opening—Walden Oo., Worcester, Mass.) 

Fig. 55 —Williams spark plug wrench; No. 998, 
socket end fits % and ft inch spark plug with 
% in. hex. and % in. U. S. standard nut. Open 
end fits % in. S. A. E. nut or screw and % in. 
U. S. 8 . cap screw (fie actual opening). No. 994 
size, socket end fits spark plugs with lin. hex. 
Open end is % in. actual opening. 

A Pig. 56 — 

Williams d*» 
mountable tire 

rr| FIG. 55 w tool; socket 

yl _ wrench to fit 

rim nuta 
and hammer 

A FIG. 56 combined. 

Very service¬ 
able. (J. H. Williams Oo., Brooklyn N. Y.) 


3HABT HO. 247-D—Flat Wrenches for U. 8. 8. Bolts and Huts and 8. A. E. Bolts and Oa| 
Screws—see also page 238 and chart 285. 
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TABLE 97. 

•8. ▲. E. Gap Screw end Bolt Sizes. 

This table gives the diameter of cup screw (D); 
threads per inch (P) (also see chart 265 ); 
thickness of head (A-l); di. across flats of nut or 
head—where wrench fits (11); size of drilled hole 
for cotter pin for castellated nut (E)—(see chart 
295 for castellated nut); depth of slot in head (1); 
width of slot (K); di. of cotter pin (d). 

To find the size tap and drill to use for S. ▲. E. 
cap screws and bolts, see chart 285-B—table 102. 
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All dimuriom in inches. 


••Spark Ping Wrench. 

No. 1. The % inch 
end of this wrench fits 
all standard spark plugs, 
such as the Spitfire, Re¬ 
liance, Rajah, Red Head 
and many others, while 
the 1 inch end fits the 
Bootless, Reliance, % in. 
Hers, Bosch and others. 

No. 2. The 1 Vi inch 
end fits all standard 
spark plugs of the large 
hex type such as the 
Champion. De Luxe, and others. (Stevens Co, N. Y.) 

S. A. E. Spark Ping Shell Sixes. 

The illustrations to the right, show the two 
8. A. E. spark plug shells. It will be noticed that 
the diameter of the hexagon pan 
of shells differ. The “small hex." 
measures % inch across the flat 
and the “large hex." measures 
1% inch. Reference to table 96, 
chart 247D, will show that the 
No. 734 wrench will fit both sizes. 

S. A. E. spark pings—are all 
%—18, meaning that the outside 
diameter is % inch and there are 
18 threads to the inch. See page 
288 for difference in spark plug 
threads and explanation of spark 
plug sizes. Gaskets must be used 
with the S. A. E. spark plugs. 

See pages 239 and 607 for size 
gaskets to use. 

Note table 102, chart 285-B—a 
% S. A. E. plug requires a special 
tap cutting 18 threads—whereas 
the standard S. A. E. % thread is 
14 threads to the inch. 


TABLE 98. 

TJ. 8. Standard Bolt Size; Head and Nat. 

This table gives—(first column), di. of bolt or 
screw; (second column), threads per inch; (third 
column), di. across head; (fourth column) aiae 
of hole in thousandth of an inch; (fifth column), 
size drill to use for tapping hole (see also 
285-B). 

Mill means the “milled size" of head of 
or bolt or the opening in an open end wrench. 



Diameter' 
of Tap. 
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Exact Size 
of Hole. 


.1910 

.tan 

*jJ08 
.«/M7 
.4001 
.454* 
.5069 
.6801 
.7307 
8376 
9394 
1 0644 
1.158* 
1 2835 
l 4902 
1 7113 

1 9613 

2 1752 
2.4252 
2.6288 






fit 
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S. A. E. STANDARD SPARK PLUG smux- 

HtxJACROSS FLATS 

l l. omr fai-.M 



-RTU1 DIAM.—v \ 
.639 MAX. 1 \ 
^56 MIN. | n 
^OUTSIDE CHAM-J 
A73 MAX, 

&7Z MIN- 

5MALL HEX. 

ALL DIMENSIO 
IDENTICAL FOR 


LISfiFCPWT 
-PITCH CHAM- 
650 MAX, 
650 HIM, 
Lo/raoe I 
S73 fW, 
£72 HlN. 


LARGE HEX 

__3HOULOER ARE 

OTM SPARK PLUG STELLA 


ALL DIMENSIONS BELOW SHOULDER ARE 

-- 0C — - 



A well assorted set of screw dies and taps, cutting the U. 8. 
and S. A. E. standard threads, manufactured by Greenfield 
Tap A Die Corp., Greenfield Mass. 

Set No. 810; V4, Vita % e , ^ u. 8. 8. and 

Vita %, Vita H 8. A. E.118.0# 

Set No. 811: V4, Vita %, Vita H, %«, %, %. 

Both U. S. S. and S. A. E. 27.00 


JHART NO. 247-DD—8. A. E. and U. S. Standards of Screw and Bolt Sizes. S. A. E. Spark Pkf 
Sizes. Spark Plug Wrenches— see charts 2 85 to 286-B, for threads, taps, dies, drills, etc. 

The diameter of bolts and cap screws is one-one thousandth of an inch less than nominal diameter. 

*8ee also page 611. 
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8tarrett socket, ratchet wrench set; there are 28 hexagon 
steel sockets in this set varying by thirty seconds; from 

9ie in. to 1 % *“• 

This type of wrench set is probably one of the most 
useful set of tools a repairman could possess. With this 
set a repairman can remove or tighten nuts in inaccessi¬ 
ble places which would otherwise require the removing 
of many parts to reach the nuts with an ordinary wrench. 
The nuts can be loosened or tightened at various angles. 
The time saved alone would soon pay for the set. 

In addition it is fitted with a drilling attachment which 
will drill in inaccessible places on the car. and will hold 
any sixe of twist drill from % to % inch. 



Walden-Worcester Wrenches. Ho. 
12 combination socket wrench set: 
contains: 1 rachet wrench 9 ins.; 8 
extension bars; 1 universal joint; 1 
tee and offset-wrench; 27 hex sock¬ 
ets; 11 square sockets; 1 spark plug 
socket; 5 open end wrenches; 1 

brace socket wrench. Price $12.00. 




No. 1005.-r-Yankee bench drill. Has 
two feeds, friction for rapid move¬ 
ment and ratchet to feed drills. Table 
has vertical adjustment on bracket. 
Ohuck holds up to % in. Die table 
is 0% in., length 28 in., wgt. 29 lbs. 
North Bros. Mfg. Co.. Philadelphia, Pa. 


Butterfield screw plate set consists of: 4 dies and collets, 
1% in. diameter, cutting %28, %e24, %24, Vus20; 3 dies 
and collets, 2% in. diameter, cutting ft 20, %18. %16; 
7 plug hand taps, S. A. E. Standard; 4 dies and collets, 
1% in. diameter, cutting K20. %el8, %16, % 6 14 ; 3 

dies and collets, 2% in. diameter, cutting %13, %11, 
% 10; 7 plug hand taps, U. S. Standard, 1 stock 14 in. long 
1 stock 26 in. long, adjustable tap wrench No 10, (Butter¬ 
field Co., Derby Line, Vermont, Manufacturers.) 


The Stewart handy worker is a tool which com¬ 
bines several practical working devices in com¬ 
pact form; an anvil, drill press and a grinding 
wheel. The manufacturers are: Chicago Flexible 
Shaft Co., LaSalle and Ontario St., Chicago, Ill. 


B UTTER FI ELD 8 cCO. 
COMBINED AUTO SCREW PLATE 

'A 5/,s . 3 &. T i <r. ■/*. y» .v*. s . a.e 

* s ,e Vb V„ Vi Vb 3 J. U.S.S 

WITH TAP WRENCH NO.IO. 


3HABT NO. 247-E—* Socket Wrenches. Tap and Die Set. Bench Drill Press. Combination VIfie. 

See charts 285 to 285-B for U. S. and 8. A. E. Threads etc. 

See also chart 806. 
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Three l^inds of wrenches which 
ought to be in every repair shop. 


Ball. 




Breast drill — double 



Files — as follows: 
round, flat, three corner, 
flat bastard, mill bastard, 
half round bastard, 
square bastard. 




A Selection of Small Tools. 


A Selection of Small Tools. 

*1—Tap and die set (chart 247E) for thread cutting, 8. A. E. 


tl—Pipe sixe tap and dies V4 to V4 inch, U. S. Standard. 7.50 

1—Stand or rack for holding small drills. 1.50 

*1—Set of straight Bhank drills (Vie to V4 in. by 32nds). 5.00 

1—Set of taper shank drills (for drill press use). S.00 

1—Set of taper reamers V4, % and Vi inch (for use in a brace).. 1.50 

1—Pair of tinners snips . 1.25 

1—Adjustable hack saw frame with one doxen 10 inch blades. . 1.50 

1—Each 3, 6 and 10 inch screw drivers. 1.25 

1—Set of open end wrenche*—“Big Ten,” see chart 247-D 

(milled openings suitable for general work). 7.50 

1— Set of thin end wrenches, see chart 247-D. (for check and 

lock nuts) V4 to 1 inch openings. 1.50 

2— Combination spark plug wrench No. 1 and Vo. 2 (will fit 

all makes) . 50 

1—14 inch Coes monkey wrench ... .50 

3— Stillson wrenches for pipe work, 6. 10 and 14 inches. 5.00 

1— Thin automobile wrench ..75 

2— Adjustable S wrenches 6 and 8 inches. 1.75 

1—Pair of nickeled auto pliers. t .'.. 

1—Breast drill (double geared). 3.50 

1—1 lb. machinists hammer .75 

1—4 ox. riveting hammer .50 

1— Heavy engineers hammer (with flat and round face). 1.50 

2— Center punches .50 

1— Set of cold chisels V4 to % inch. 1.35 

2— Cape chisels *4 and V4 inch.50 

2—1 lb. soldering coppers... 1.50 

**2-8 inch calipers (inside and outside)...50 

1—Assortment of files, about 3 each, flat, round, half round, 

triangular and square. 3.00 

1—File card (fine wire brush for cleaning flies). -50 


**A-General assortment of useful tools such as a crow-bar or 
pinch-bar, brace, drifts, (key and pin) socket wrenches 
spring dividers, counter sinks, spirit level, ladle (for melting 
metals), blow torch, gas pliers, electricians pliers, rule, 
gauges (sueh as pitch, thickness, wire, tap, and drill) 
sledge hammer, putty knife, scriber, scraping tools, square. 


spanner wrench etc., approximately. 80.00 

Total.8187.50 


Fig. 4—Plain calipers— 
for spring type see 
page 700. 


*See charts 247-DD. and E. tSee chart 247-B. 

**For measuring tools and how to use them, see charts 288 to 884. 


IABT NO. 247-F—A Selection of Small Tools, Giving Approximate Prices and 81ses —See charts 

285 to 286-B for drill sizes, taps, dies etc. 

k 
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♦Lathe Tools. 

1—5 inch, 3 jaw geared scroll 

chuck .$ 0.00 

1—socket wrench %, ft and %.. 1.00 

1—set of 4 in. "lathe tool hol¬ 
ders" to be used with 14 inch 

lathe.. 5.40 

1—2 jaw drill chuck with No. 1 


or 2 arbor to hold drills up 
to V&inch (see chart 286-A.). 5.05 

3—lathe dogs, %, 1, 1% inch 

each .85 

Blacksmith Equipment. 

1—anvil, 50 to 100 lbs. 

1—forge, with 12 in. fan, 25x30 hearth. 

1—post drill, run of spindle 8% inches, 
and drill to 114 inch hole. 

1—set drill bits Vfc, ft* K. %«. %. 
%, % inch. 

1—screw plate—see charts 247-DD and E. 

1—vise 50 lb. (blacksmith). 

1—set of wrenches (Big 10, chart 247-D). 

1—Flat lip tongs. 

1— 8 lb. hammer. 

2— pair cutting nippers. 

Above outfit of blacksmith equipment can 

be had for about $52.00. 

Other Shop Necessities. 


1—1 ton chain block.$17.60 

1—blow torch . 5.00 

1—4-inch solid jaw machinists vise 

(swivel base) . 8.50 





Tig. 5—Hand forged 
lathe tools—a complete 
assortment. (Also see 

chart 289.) 


Pig. 6—Where there 
is a great deal of valve 
grinding a special ma¬ 
chine is necessary. 


Fig. 7—A valve and Fig. 6—A hand 
valve seat refacing outfit valve grinding 

is necessary. tool with recipro¬ 

cating motion. 


JHABT NO. 247-0—Lathe Tools. Blacksmlthlng Outfit. Other Shop Tools. Valve Grinding Tools. 

See chart 289 "How to Make Lathe Tools." See pages 516 and 631 for * ‘Valve Grinding Tools." 
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Pig. 1—Cylinder reboring reamer: De¬ 
signed for attaching to a drill press. 
Suitable for Ford cylinders. (Stevens A 
Oo., 375 Broadway, New York.) 

This new reamer was designed to enable 
the small auto dealer and repairman to 
rebore the cylinders of Ford cars and 
it new 1&2 inch over-size pistons which 
are now furnished by the Ford factory. 

The reamer is built up with inserted 
blades and fitted with a No. 4 Morse taper 
shank. It can be used in any ordinary 
drill press which is geared down to run 
about 80 rev. per min. 

The time required is about 15 min. 
per cylinder and the finish is in every 
way equal to the original factory job— 
which, as a matter of fact, is accomplished 
in practically the same manner. 

The reamer can be reground to its orig¬ 
inal dimensions at slight cost and any 
special sise of body or Morse shank can 
be furnished to order. 



Fig. 3—Stevens brake lining 
countersinks are designed to cut 
a clean, even hole in any style of 
clutch or brake lining. The shank 
is inch diameter and works 
satisfactorily in either a hand drill 
or power press. Furnished singly 
or in complete sets of the three 
sixes mentioned. 


Fig. 2—•Cylin¬ 
der reboring ma¬ 
chine. Re-bores 
scored, glased and 
weldeH cylinders, 
or those worn out 
of true. Success¬ 
fully rebores any 
site or type of 
engine block from 
1 to 12 cylinders, 
and from 3 to * 
inches in diam 
eter. Rebores any 
ordinary 4 cylin¬ 
der block in less 

than 2 hours, and with an accuracy down to the fractional 
part of a thousandth of an inch. (Marvel Machine Co.. 307 
Thirteenth Ave., Minneapolis. Minn.) 




A fast-cutting, powerful grinder for sharpening twist drills, 
chisels and all shop work, is shown above. Note the drill 
grinding attachment. Mnf’g’d by American Grinder Mfg. Co.. 
Milwaukee, Wisconsin. 



Fig. 4—“Bryant” valve spring compressor. The upper en¬ 
gaging device is inserted between the coils, thereby raising 
the spring away from the disc, leaving the disc and key free 
to be removed. The valve may be “ground in" and replaced 
in position without removing spring or lifter from their places. 
See also page 6?1. 


Fig. 6—“Anderson" universal valve grinder. To use this 
tool it is necessary to make two light impression or center 
punch marks on the flat surface of the valve, (fig. 5-A), at 
an angle, or in the sides of the holes already there. The 
“pinching-bug" hardened steel jaws are then inserted, and 
securely held by turning down knurled nut. Grind by ro¬ 
tating between the palms of the hand. The rod is fastened 
in such a way so as to give a swivel action, permitting the 
rod to be held at any angle while grinding—-the valve re¬ 
maining true on its seat. (Stevens A Co.) 


I 


CHART NO. 247-H—Cylinder Reaming and Re boring Machines Brake Lining ConntersSnkm. 
Valve Grinding Tool. Valve Spring Compressor. 

•See page 653, Instruction 46, Reboring, Grinding and Reaming Cylinders. See also advertisement in back of 
this book for a Reboring Attachment for South Bend Lathes. 
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Machinery 

The machinery equipment, together with 
list of maehinery is given in chart 248. 
This can be added to or parts left out as 
desired. This chart only offers suggestions. 



would probably be arranged different. It 
is shown in one length, but likely would be 
arranged in two sections or more. 

Approximate Cost of Shop Equipment. 
Machinery shown in chart 248 will cost 


approximately .$600.00 

Lathe tools (chart 247*0). 26.00 

Large tools (chart 247*0).. 45.00 

Small tools (chart 247-D E, F.). 50.00 

Wash rack . 8.00 

Other tools as flies, and various small 

material. 22.00 


Total .$750.00 


Equipment. 

The air compressor outfit is important. 
The air pump could be operated from the 
line shaft or by an electric motor, see 
chart 237-B. 

Other Money Making Equipment. 

Small vulcanizing outfit (chart 247-0)..$ 60.00 
Rectifier for charging ignition batteries 

(chart 247*0) . 32.00 

Oxygen carbon removing outfit (chart 

298D.). 15.00 

Oxy*acetylene welding outfit (chart 298D).) 80.00 

Total.$187.00 

Power to run the machinery should bo in¬ 
stalled—either a gasoline engine or an elec* 
trie motor. If electric motor, this is usually 
rented from the electric company. 

The work benches are usually placed 
along the repair shop walls next to the win¬ 
dows (chart 243, fig. 8), and the vise 
is attached to one of them, while the re¬ 
mainder of the tools are so arranged as to 
leave sufficient space for the automobile 
undergoing repair. The work bench is moot 
necessary and should be placed where there 
is plenty of light. It should measure no 
less than 8 or 10 feet l^ng, 2 inch thick¬ 
ness of well seasoned pine, or better, birch. 
Height about three feet. Width about 2 
feet 6 inches. 


♦♦Lathes Suitable for Repair Shop Work. 


Make Swing 

Length 

Swing Swing 
over over 
carriage bed 

Cone 

Hole in 
spindle 

Threads 

Counter 

shaft 

speed 

Gear 

ratio 

Between 

centers 

Price 

Flathera . . 

.16" 

6' to 16 

' 10" 

17" 

1 step 

1% 

2 

to 72 

180 r.p.m 




Springfield 

.14" 

6' 

9%" 

16" 

l%e 

2 

to 86 

150 r.p.m 

lltol 

84" 

$686. 

Barnes.... 

.18" 

6' 

12" 

. .. 

•« 

1% 

1 

to 56 

200 r.p.m 9% tel 

82" 

177. 

Bradford .. 

.16" 

8' 

10%" 

16% 

i* «« 

1% 

8 

to 46 

200 r.p.m 


25%" 

876. 

* Sebastian 

.15" 

6' 

9%" 

15" 

«« 

lfce 

. 


190 r.p.m 


40" 


Booth Bend 

15" 

6 # 

10%" 

15% 

m t« 



• • • • 

200 r.p.m 


.28" 


Davis . 

.14" 

6 # 

9%" 

15" 

< < 

1% 

1% to 40 

200 r.p.m 

10 to 1 

88" 


Champion . 

.16" 

6' 

11%" 

17% 

it «« 

1% 

2 

to 56 

9 to 1 

80" 

264. 


*Al§o made with gap bed without extra charge. Gap 7% Inch long and 8% inch deep. Increas¬ 
ing *wing in gap 7 inches. Oarriage runt over gap without letting down, (see chart 248.) 

Address of mfgr's. of lathes: Flather k Co., Inc., Nashua. N. H.; W. F. and J. Barnes Oo. f 
Rockford, Ill.; Sebastian Lathe do., Cincinnati, Ohio; Davis Machine Tool Co., Rochester, N. Y.; 
Springfield Mch. Tool Co., Springfield, O.; Bradford Mch. Tool Co.. Cincinnati. O.; South Bend Lathe 
Wks., South Bend, Ind. (see adv. back of book); Champion Tool Wks. Co.. Cincinnati, O. 


Capacity 

Universal . 6" x6" 

Star . 4%"x4% 

Goodell-Pratt ... 4 % "x4 % 


Power Hack Saws. 

Stroke Price Made by 

7" quick return... $50. The West Haven Mfg. Co., New Haven. Conn. 
.. self feeding... '25. Millers Falls Co., Millers Falls, Masa. 

. . automatic atop. 80 Goodell-Pratt Co., Greenfield, Masa. 


Chain Holsts. 

Peerless. Differential hoist, % ton $18. % ton $21. 1 ton $28. Standard lift 8 ft. 

Wright. Differential hoist, % ton $18. % ton $21. 1 ton $28. Lift 6, 7 and 8 ft. respectively 

Address of mfgr's. of chain hoists: The Peerless is mfgd. by Edwin Harrington Son k Co., Phils., 
Ps.; The Wright is mfgd. by Wright Mfg. Co., Lisboro, Ohio. 


Drill Presses. 

Spindle Travel Table Travel Spindle Taper 

Barnes Drill .Spindle to table, 26%" 10" 16" Morse No. 3. 

Champion Drill .Spindle to table, 27" 16" Morse No. 4. 

Davis Drill .Spindle to table, 25" 9 " 19" Morse No. 8. 

Canedy-Otto .Spindle to table, 25" 9" 17" Morse No. 8 


Address of mfgr's. of drill presses: Barnes Drill Oo., Rockford, Ill.; W. P. Davis Mch. Co., 
Rochester. N. Y.: Champion Blower k Forge Co.. Lancaster. Pa.: Oanedy-Ott© Mfg. Co., Chicago 
Heights. Ill. Grinders are manufactured by American Grinder Co., Milwaukee, Wiscn. 


tDiameter and Revolution Formula. 

This formula will explain how to find the size of pulleys to use—also see page 563. 


A-a 

O').... © 


DRivc 

PULLCY 


DfliveN 

PULLEY 


D1 x R1 
D1 x R1 


-J- D2 = R2. 
-5- R2 = D2. 


D2 x R2 t R1 = Dl. 
D2 x R2 t D1 = Rl. 


Dl represents diameter of driver. 
D2 represents diameter of drivon. 
Rl represents revolutions of driver. 
R2 represents revolutions of driven. 


♦"How To Run a Lathe" and "First Year Laths Work" are two 64 page pamphlets, fully illus¬ 
trated—which will bs supplied to readers of this book at 10c each. Address South Bend Lath# 
Works. South Bend. Ind.. and mention that you are owner of this book. tSee also page 668. 


**See advertisement of South Blend Lathes in back of book. 
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QiTATt T NO. 248—Lay-Out and Equipment of a Machine Shop foi Average Automobile Work- 
f "How to Bob a Lathe*'—tee foot note bottom of page 617.) 




















































































































































































BUILDING AND EQUIPMENT OF GARAGE AND SHOP. 



End Elevation. Showing the R&fttr Construction 
and the Finishing Facia Boards on the Eaves 


MB j Ilk 


1*0 rACtA eoano StTTMN Aia' 4* n 


J The homo garage shown In the illustration is designed for 
housing one machine, and to give a little space about it so that a 

__ person can clean the exterior of the automobile and do small repairs. 

-?r The first thing to be considered is the foundation, or base, which 

' * v is made of concrete. The earth should be excavated for a depth of 

FfoerPUm. Showing th« Location oi the Siiu. Studa 6 inches and to the exact dimensions given for the floor plan. The 

and Corner Posts Concrete Floor bole is then filled with cinders, well temped in and leveled OU tO P . 

_r'aj*_I A frame, about 4 inches high, is built up of cheap lumber, so that 

^_i — ■ - 1 the space within measures 12 ft. wide ana 16 ft. long, except at the 

—--i-double-door opening where a sloping runway is formed for the easy 

_i_ / entrance of the automobile. A 2 inch layer of concrete—a mixture of 

wo tac* 6om» atmim Aw* 1 part cement, 2 parts sand, and 4 parts gravel, or crushed stone 

is placed on top of the cinders, and a neat mixture of cetnent and 

■ - > — -{ sand, % inch thick is placed on the concrete and made perfectly 

- 1 -j— level. When putting in the concrete, % inch bolts, about 6 inches 

5____t_ l —ZZj long are set in the edge with the threaded end extended about 8 

^ - 1 inches above the upper surface of the cement and in line with the 

"Armt Patton j\ia'4** center of the 2 by 4 inch timber used as a Bill. The detail of this 

Kara i.aveut (<» the B>(t.r PiacM Md th# FinithinK construction is shown in the sketch. About four of these bolts 

th?ESv«“tihVtt«d» * should be set on each side, three on the end, and one on each side of 

the double doors 

11 The comer posts and studs are cut so that their length, together 

with the thickness of the sill and the two pieces for the plate, will measure 8 feet. This 
is the proper length to cut the boards without waste from standard lengths of lumber. 
After raising the corner posts and studs, and nailing the plate pieces on top, the 
Iff ** * — E siding boards are nailed on vertically to the plate and sill, and the battens nailed over 

- » h# i° lnu - 

The rafters are built up in a manner similar to that used on large garages now so 
popular. Each one,'or each pair, consists of a crosspiece that rests on top of the 
plates at the sides and is notched at the ends, to receive the ends of the convex rafter 
pieces. The pattern for one of these pieces, with dimensions, is shown in the drawing. 
After fitting the three main parts to form one rafter across the building, they are 
'"rn tftniTmflrnori fastened together with short pieces of boards, which can be cut from scrap. The rafters 

art set on the plates 16 inches apart from center to center. 

The sheathing boards are nailed to the curved edges of the rafterB lengthwise, and as the material 
list calls for boards 12 feet long, one and one-half lengths will cover the rafters and allow 1 foot projec¬ 
tion at each end for the eave. The facia boards are cut on a curve in the same manner as the rafter pieces, 
and the under side is cut as shown in the detail, so as to make a neat-appearing connection to the end of 
the frieze boards. Straight facia boards are fastened on the eaves, at the sides, in the same manner, and a 
friese board nailed to the under side, the ends being finished, as shown in the detail drawing. 

Prepared roofing is fastened to the sheathing in the usual manner, beginning the layers at the eave and 
finishing in the center, allowing the center piece to overlap on both sides. 

The windows consist of four single casements, two being placed on each side. These can be of any 
size to suit the builder, and can be bought from a mill ready to be set into the openings cut for them. 

The doors can be made up of the Bsme material as that used for the siding and battened together, or, if 
a more elaborate door is desired, they can be purchased at a reasonable price, panelled and with a glass 
in the upper part. If paneled doors are used. 18 boards can be deducted from the siding-material list. 
The double doors will require fastenings at the center, and, in placing the concrete floor, a keeper should 
be aet in the surface cement for the foot latch. The upper keeper can be attached to the end rafter 
crosspiece. The usual hardware is necessary for the small door at the opposite end. 

A garage built up in this manner and well painted will last for years, and if it becomes necessary 
to move it, nothing will be lost except the concrete floor, as the building can be lifted from the bolts and 
taken away bodily.—(Popular Mechanics.) _,_ 


Id * * * . 

jcawCUFTt h' 


nit 


OU. CONSTRUCTION 



OONORETE FLOORS: 

2 bbls, cement. 

4.5 cu. yd. cinders. 

2.2 cu. yd. sand. 

4.8 cu. yd. gravel 

SILLS. PLATES AND STUDS: 

6 pieces, 16 ft. long, 2 by 4 in. 

4 pieces, 12 ft. long, 2 by 4 in. 

20 pieces, 8 ft. long, 2 by 4 in. 

SIDING: 

90 boards, 8 ft. long, % by 8 in. 

90 battens, 8 ft. long. 

RAFTERS: 

10 boards, 14 ft. long, % by 8 in. 

10 boards, 14 ft. long, % by 4 in. 

ROOFING: 

Enough sheathing boards, 12 ft. long to 
eover 260 sq. ft. 

Enough prepared roofing to eover 260 sq. ft. 


List. 

WINDOWS... 

4 single casements. 

FINISHING PIECES: 

2 frieze boards, 18 ft. long, % by 1 ft. 

2 facia boards, 18 ft. long, % bj 4 in. 

4 facia boards, 8 ft. long, % by 1 ft. 

8 corner boards, 8 ft. long, % by 4 in. 

6 door facing boards, 8 ft. long, % by 4 in. 

HARDWARE: 

1 pair of door hinges. 

1 door lock. 

8 pair of heavy door hinges. 

1 foot latch. 

1 upper latch. 

1 large door lock. 

10 lb. 20-penny nails. 

20 lb. 8-penny nails. 

10 bolts, with double washers. H by 6 in. 


0HABT NO. 240—Building a Private Garage. 








620 


DYKE’S INSTRUCTION NUMBER FORTY-SIX. 


INSTRUCTION No. 46 

REPAIRING AND ADJUSTING: Overhauling a Car. Clean¬ 
ing and Lubricating. Removing Carbon. Causes of Loss of 
Power. Compression Tests. Refacing and Reseating Valves 
Adjusting and Timing of Valves. Bearings; constructions, ad¬ 
justment and repairs. Pistons and Rings; fitting, testing, 
etc. Engine Knocks; how to locate and remedy. Reboring 
Cylinders. 


What Constitutes a Car Overhaul. 


Automobile overhauling is essentially a 
process of general cleaning, inspection, 
tightening-up and readjusting, involving, 
perhaps, some minor replacements, all of 
which will be explained further on in this 
instruction. 

Engine. 

Test compression; test for knocks, clean 
carbon, grind valves, adjust valve clearance, 
fit new rings if necessary, re-bore cylinders 
if necessary, take up on bearings; check 
the valve timing, examine valve springs, ex¬ 
amine gaskets. 

Ignition and wiring—test the ignition 
timing, test battery aLd electrical apparatus, 
clean spark plugs and adjust gaps, also 
clean, oil and adjust and tighten the gen¬ 
erator and starter nuts etc., see that all 
ground connections are tight. 

Clean engine: by flushing out old oil 
with kerosene as explained on page 201. 
Refill oil pan with a good grade of oil. 

Miscellaneous engine parts; examine water 
pump, see if water hose requires replace¬ 
ment (see page 193); examine intake and 
exhaust manifolds and see that gaskets and 
joints are tight, (see page 192,) tighten all 
bolts and nuts. 

Radiator. 

The radiator should be disconnected and 
a stream of water forced through it for 
several hours. If scale exists, cleaning 
can be done with a solution of one pound 
ordinary washing soda and five gallons of 
water allowing to stand for an hour, (see 
page 181.) 

Carburetion. 

The carburetor should be removed and 
thoroughly cleaned and tested for float leak. 
Examine the gasoline line and see that all 
joints are tight. 

Clutch and Transmissions. 

The clutch is one part to receive attention, 
and here the repairman should resort to a 
large extent to'the maker’s instruction book 
if it is still at hand. The cone clutches 
are usually faced with leather or fabric. The 
leather can be cleaned with a dry cloth*and 


then painted very lightly and evenly with 
neatsfoot oil. The fabric facing can b* 
given a squirt-gunful of kerosene. Be free 
with oil on all the clutch connections and 
take especial care that the clutch thrnst 
bearing is properly fed. Oil all connections 
from the clutch pedal lever to the clutch 
proper. Do not take up on the clutch spring 
unless you are certain it is needed. 

With wet-plate clutches the housing 
should be flushed with kerosene and the en¬ 
gine turned over a number of times. At the 
same time the engine is turned over some 
one should push the clutch pedal in and 
out. This works the kerosene around the 
plates and tends to remove any gummy de¬ 
posits. Then drain the housing, and repeat 
the operation. That finished, fill to the 
required level with oil. Usually 1 pint is 
used with one-half pint of kerosene. 

With a dry-plate dutch the only thing 
that may be needed is a cleaning with kero¬ 
sene, to remove gum. However, use a 
squirt gun in this case. No matter what 
the type of clutch be free with oil at all 
the various connections. 

Look for small oil holes which are clogged 
with dirt. Oil the clutch cross shaft, the 
clutch collar and all the parts which move. 

Universal joint:. Back of the clutch or 
transmission, there may be a universal 
Clean it thoroughly with kerosene whether 
it is exposed or housed. Allow this to 
dry and then pack with graphite. If you 
have no graphite, get some or use a good 
grade of grease. 

Next, proceed to the transmission. Drain 
the old lubricant, replace the drain plug, and 
remove the cover if there is one. Pill the 
case half full of kerosene and with a clean 
cloth mop it. This is a dirty job but it 
will be worth your while, because the gear- 
set usually is neglected throughout the year 
and is required to give efficient service with 
oil that is perhaps a year old. With the 
case clean add a grade of oil as recommended 
by the manufacturers, or see page 203. 
Don’t put too much oil In the case. There 
usually is a level plug but if there is none, 
allow the level to be about up to the shaft 
of the highest or upper gears. 
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Running Gear Parts. 

‘Wheels: First in order come the wheels. 
The car has been jacked up, and the next 
step is to see that the wheels run true on 
their bearings. There are many ways of 
doing this. A good way is to sight with one 
eye closed, while the wheel is revolving 
Any irregularity in wheel movement is easi- 
1y detected. However, sometimes the rim 
is bent a little and one will imagine the 
wheel is running untrue. Grip the wheel 
dimly with both hands and test for side 
play and up-and-down play by pushing and 
pulling on the wheel in all directions. 

A loose bearing usually causes this trouble 


and in many cases the looseness can be over¬ 
come by tightening the nut slightly. Some 
times new bearings are needed, because they 
are worn excessively. 

Align the wheels as explained in charts 
278 and 279. 

The steering assembly, brakes and other 
parts require the same sort of attention and 
will be taken up in their separate order 
further on. 

Rear axle should be cleaned and lubri¬ 
cated and the drive pinion tested as to it's 
relation with the drive gear* on the differen¬ 
tial. If noisy, it is probably loose and re¬ 
quires adjustment as will be explained un¬ 
der 11 Adjustment of rear axle gears.” 


Cleaning Engine. 


We will take up the usual and common 
work required on all engines. We will first 
start with cleaning and lubricating the en¬ 
gine and greasing a car. About every nine 
ears out of ten require cleaning and 


greasing 



Site pan and clean 
with gasoline or 
kerosene. 





S—Flush the 
case with ker- 

_ Pour through 

the place along aide 
of engine where lu¬ 
bricating oil ia 
poured in — called 
the ''breather." 



Fig. 2 — Remove 
drain plug at bot¬ 
tom of crank case 
to drain old oil. 



Fig. 4 — A f t e r 
crank caBe ia cleaned 
and drain plug 
acrewed in, put the 
best grade or cylin¬ 
der oil In the crank 
cue. 



First start with the engine. Remove the 
drip pan, (fig. 1). Next unscrew the drain 
plug or open drain cock under the crank 
case. Drain all oil into a pan of some 
kind. This oil can then be placed in the 
oil filter, (fig. 2, chart 244) and used oyer 
Again in the transmission, when mixed with 
grease or graphite. 

It will be found that when oil stops drip¬ 
ping; if the starting crank is turned a few 
times by hand a little more oil will be found 
to flow. The best time to drain oil is after 
engine has been run and heated and oil 
•is thinned. (Also see page 201.) 

When the oil has ceased to come from the 
erank case the drain plug is replaced. It is 
not screwed tightly home as it is soon to be 
removed again. Now pour 2 quarts of kero¬ 
sene into the breather pipe, (fig. 3) and run 
the engine again for about 15 seconds. 


If it is not in running condition open 
the compression cocks on the cylinder and 
spin it rapidly by hand. The longer 
this'is done the better, but it is an arduous 
task and if kept up for a minute or so will 
be all that is necessary. The drain plug is 
now removed again and the kerosene is 
entirely drained out. The plug is screwed 
back and fresh oil provided. 

Put fresh cylinder oil in crank case: In 
filling the crank case use only the very best 
cylinder oil, (see lubrication, pages 201 and 
200). A gauge is usually provided to show 
how much to place in the crank case. If not, 
fill the crank case until it is about even with 
the center of crank pin when on bottom 
center. Don’t fail to place drip pan back 
and tighten up all nuts. 

Note: Be sure all drain cocks are free 
by opening them and running a wire through. 

The outside of engine and drip pan can 
be cleaned with gasoline. A brush dipped in 
gasoline to reach inaccessible places and 
also an oil gun to shoot gasoline' in 
•laccessible places will suffice. The lighting 
of a match or any kind of flame, however, 
while cleaning should be prohibited.* 

A modern method for cleaning the engine 
is by means of a sprayer. In large shops 
compressed air is used quite extensively for 
all kinds of cleaning. 

Home Made Engine Cleaner. 

A gasoline or kerosene spray, acting under air 
pressure, will quickly remove dirt and grease from 
the engine or chassis. A device for forming this 
spray is shown. It comprises a metal tank, hold¬ 
ing the cleaning solution, and an aspirator for 
forming the spray. This aspirator is a copper 
pipe, passing through the center of the tank, one 



end being connected to the ah? line and the other 
being drawn down into a nozwte. A small copper 
tube connects this pipe, so that the solution is 
drawn from the tank and forced into a spray by 
the passing air—a foot pump can be used to inject 
air if pressure is not on hand. See also page 740. 
fig. 7, and page 744 for others. 


■•flee Instruction 80—Gleaning and Washing s Gar. , 
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Glean The Exhaust System. 

This cleaning should include the exhaust 
manifold, pipe and muffler. The latter 
should be taken apart and the parts soaked 
in kerosene over night. The pipe and mani¬ 
fold may be cleaned by drawing through a 
pack of kerosene-soaked waste attached to 
a long wire. 

Keeping Oil Off the Radiator Hose. 

To prevent oil from rotting the inlet hose 
from radiator to pump 1 have been giving 
the hose a coat of shellac and then a couple 
of layers of tape and shellac over that. 
The shellac keeps the oil away from the 
rubber. 

♦Parts Washing Table. 

This is large enough to permit any 


part of the car to be cleaned. But more 
important, it may 
be moved to the 
job. A wooden 
basin, or sink, 6 
ft. long, 2 ft. wide 
and 6 in. deep is 
mounted on legs, 
and lined with tin. 
A drain plug Is 
placed in the cen¬ 
ter, permitting the 
dirty cleaning solution to be drawn off into 
a pail hanging beneath the stand. Gasoline 
may be used for cleaning parts, but kero¬ 
sene is cheaper and safer. 



Greasing a Oar. 


of the 
grease 



first things to do when start- 
a car is to screw down oh the 
grease cupB, which forces out 
all grease therein, the cap is 
then unscrewed, grease cup re¬ 
filled and cap placed back-hut 
don’t cross thread the caps or 
they will work loose and be 
lost. 




the interstices. Very frequently, however, 
rust is seen along the joints, showing that 
water can get in, at any rate, and oil will 
work its way in, too, if applied at the edges, 



Fie. 2. The differ¬ 
ential can be greased 
in the same manner 
as well as the wheels 
(if grease is requir¬ 
ed, Bee page 204 and 
208.) This grease 
gun is thoroughly 
reliable and ought to 
be in every repair 
kit. 


In greasing such places as the shaft of a 
cone type clutch (through a plug hole), the 
differential and other places on a car where 
a grease cup is not provided, but where 
grease plug holes are provided the Town¬ 
send grease gun is an excellent device. 
You can grease the differential gears, the 
universal, and every part of the car in 
a few minutes time, without removing the 
covers and all of those nuts and bolts. 

Lubrication of Springs. 

A detail which, if attended to, conduces 
much to easy running of a car, is the 
oiling of those parts of the springs upon 
which the leaves move. It is becoming the 
practice to make provision for proper lu¬ 
brication at this point, which is easily done 
by drilling a hole through each leaf, as 
otherwise it is not easy when the weight of 
the car is on them to introduce any oil into 



but it will probably be found that this can 
be more easily done if the blades are sep¬ 
arated by ipeans of the special appliance 
illustrated herewith. 

Bust in the springs affects their proper 
movement, and causes mysterious squeaks 
as well. The joints of the links connecting 
the upper and lower portions of the springs 
at each end should 
also have a little oil 
applied occasionally. 
It is when perform¬ 
ing this duty that 
timely opportuni¬ 
ty often occurs of ob¬ 
serving defects of loose nuts or broken 
leaves in the springs. The nuts belonging 
to the clips whieh hold the spring on 
to the axle often display a tendency to 
work loose, and if this is not remedied the 
axle will be thrown out of line, with more 
or less serious consequences to tires and 
driving gear generally; or, if the front 
axle is in question, the steering may be 
affected. 

If a car is overloaded much beyond its 
normal capacity, extra work will be thrown 
on the springs which may give rise to break¬ 
age when the car is being driven over bad 
roads. An extra leaf added to the springs 
is advisable for overloads. Considerable 
advantage to the life of the springs is ob¬ 
tained bv having shock absorbers or buffer 
blocks fitted. (see spring covers, chart 
236-E.) 

Other parts of a car to lubricate and 
grease are shown on page 204. 


•See also chart 806. 
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♦Relation of Carbon to Lubricating OIL 


The oil film which protects the friction 
surfaces in your engine is hardly thicker 
than, the page you are now reading. 

It makes no difference how much oil you 
pour into your crank-case. The only oil 
that protects your engine is this .thin film 
between the moving metal parts. 

And this thin film is not the cool oil you 
pour intd your crank-case. In use the oil 
heats quickly. Then the test comes. 

Only oil of the highest quality will retain 
full lubricating efficiency under the heat 
of service. 

Many oils break down under this heat. 
Part of the oil goes off in vapor, just as 
hot water gives off steam. With an oil 
Sim only .003 of an inch thick this vapor¬ 
ization must be reckoned with. 

To get full protection, you must have a 
constant, full, even oil film. You must 
have an oil which will stand the heat of 
service. 

The Cause of Carbon Deposit. 

Due mostly to the use of poor grade of 
lubricating oil or too much oil, and quite 
often to an improper mixture of gas or too 
much gasoline being fed. 

Carbon has many lodging places/ It fouls 
spark plugs and kills the spark. It pits 
the valve seats and weakens compression. 
By accumulating on the piston heads and 
in the combustion chambers, it causes 
knocking and racks your engine with pre¬ 
ignition. 

The amount of carbon deposited in yoiff 
engine depends upon the carburetion and 

gasoline com¬ 
bustion and on 
the character of 
the gasoline as 
well as on the 
quality of the 
lubricating oil 
itself and the 
correctness of 
its body. 

As both gas¬ 
oline and petro¬ 
leum lubricat¬ 
ing oils are 
chemical com¬ 
binations of hy¬ 
drogen and car¬ 
bon, carbon, is an essential element of each. 
See page 158. 

Only the free (suspended) carbon can be 
taken out. To remove the carbon which is 
in combination with other chemical ele¬ 
ments, constituting gasoline and oil would 
result in the destruction of the product it¬ 
self. 

Carbon deposit is likely to occur through 
incomplete combustion of the gasoline or 
through the destruction of the excess lubri¬ 
cating oil which will work into the combus¬ 


tion chamber if the oil is of incorrect body. 
“No carbon 99 oils do not exist. 

To reduce carbon to a minimum, the 
lubricating oil must be of high quality and 
of correct body for the piston design and 
lubricating system of your engine. See 
page 200. 

Lubricating oil adds materially to carbon 
deposit of an engine if the following condi¬ 
tions exist: 

** 1 —Poorly fitting piston rings or scored 
piston rings and cylinders. 

2—Carrying too high an oil level; using 
an oil that is not suited to the engine, both 
as regards body and quality, or carrying the 
pressure in a force-feed system at too high 
a point. See page 199. 

t3—Allowing the oil in the crank-case or 
oiling system to deteriorate to the point that 
it is so thin that even a well-fitting piston 
ring will not prevent a surplus of oil from 
passing into the combustion chamber. 

Relation of Carbon to Combustion. 

An Important consideration is the incom¬ 
plete combustion of gasoline, for from this 
source a large proportion of carbon is de¬ 
posited. When the charge of gasoline and 
air (the proportions of which are deter¬ 
mined by the carburetor adjustment) is 
taken into the cylinder of a gas engine, it 
consists of hydrocarbon vapor and air. The 
oxygen in the air combines with the carbon 
and hydrogen of the gasoline and forms 
an explosive mixture. This mixture is fired, 
and after expansion the products of com¬ 
bustions are expelled from the cylinder 
through the exhaust valve. 

If the amount of air entering the car¬ 
buretor is not sufficient to insure complete 
combustion, we have what is known as a 
rich mixture. This is a slow-burning mix¬ 
ture rather than an explosive one and will 
cause excessive carbon deposit. For ex¬ 
ample, if the wick of an oil burning lamp 
is turned too high, too much oil will be 
drawn through the wick for the amount of 
air entering the lamp to form complete 
combustion. The lamp will smoke, and soot 
(which is carbon) will be deposited on the 
chimney. 

This is exactly what happens in the cylin¬ 
der of a gas engine. The products of in¬ 
complete combustion together with a por¬ 
tion of lubricating oil passing by the pis¬ 
ton rings, deposit a certain amount of car¬ 
bon in the combustion chamber. That por¬ 
tion of this carbon which does not pass out 
with the exhaust is baked on the cylinder 
heads, pistons and valves by the heat of 
explosion. This carbon deposit will build 
up very much more quickly if it has a bed 
to build up on, such as would be produced 
by a lubricating oil. which, when exposed to 
the heat of explosion, would leave a gum¬ 
my deposit. 



+Also see page 202. 

**One cure for *'scored" cylinders has been the judicious use of a special graphite lubricant. 
See page 205. 

tSee page 658, "piston pumping oil," and page 785 a "carbon remover." 
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Carbon Removal Methods. 



Scraping. 

Fig. 1 — Method: 
It is of course nec¬ 
essary to remove pis¬ 
ton— usually from 
the bottom if small 
sice piston—as ex¬ 
plained on page 646. 

Tig. 2—The cylin¬ 
der head Is removed 
and access is gained 
to tops of pistons and 
walls of cylinders. 
This of course ap¬ 
plies to engines with 
detachable cylinder 
heads. 


Tig. 4 — This 
method is em¬ 
ployed when cyl¬ 
inder head is not 
detachable and 
with tools shown. 
The work can be 
done through the 
valve cap or plug 
holes on some en¬ 
gine*. 


Special scrap¬ 
ing tools are nec¬ 
essary: No. 1, 

is for scraping 
the piston head. 
Np. 2, for the 
Cylinder head, an 
shown by dotted 
lines and No. 3. is 
for the cavities over and around the valves and 
such other surfaces that have considerable curva 
ture. Scraper No. 1, should bo used first, and, 
worked back and forth with considerable pressure 
across piston head until the scratching sensation 
disappears and tool seems to glide over the sur¬ 
face, care should he taken, not to gouge grooves In 
the metal. It low ant the free carbon now and 
then, (using a hand bellows), if compressed air is 
not available. Continue scraping until the blast 
of air docs not blow out any more carbon dust and 
be hure to scrape the entire surface, for if Jagged 
patches are left, they will become incandescent 
from the heat of explosion and cause pre-ignition. 

It is Important that none of the carbon gets 
into the cylinders, valves or other parts of the 
engine. Therefore bo sure that valve is well 
seated in cylinder you are cleaning and it is also 
advisable to blow out the carbon with an air blast 
when finished. 

Often after as much carbon as possible has been 
taken from the cylinders, a half-tumblerful of 
kerosene poured into each cylinder and the air 
blast applied, will give good results. Another half- 
tumblerful of kerosene should be poured into the 
cylinders and the engine turned aver a few times. 

The oil reservoir should then ho drained and 
cleaned thoroughly with a clean cloth previously 
soaked in gasoline, and fresh oil put Into oil pan 
(after cleaning and using kerosene,) as kerosene 
will thin the oil and cause it to lose its lubri¬ 
cating qualities and is liable to cause the bearing* 
to score or cut. if any of the kerosene is left 
in engine combustion chamber to work into crank¬ 
case. 

It Is customary to grind the valves after having 
scraped carbon, and after grinding, adjust valve 
clearance. 




Oxygen Decarbonising. 

Fig, 6 -— Oxygen decarbonising method: The valve 
cap on engine ia removed and the piston brought to 
top firing position. A lighted match, wax taper, or 
small piece of burning waste is dropped into the 
cylinder. The operator then directs a let of o xyg en 
on the carbon with which the flame is in contact. 
This causes the carbon to burn fiercely and be en¬ 
tirely con named. By following the horning carbon 
around the cylinder with the jet of oxygen, lb* 
carbon will be evenly burned out, see pages TM 
and 727, This method will obviste the necessity 
of taking cylinders down and scraping and will 
greatly defer recourse to this rather expensive op¬ 
eration. The completeness of the results obtained 
depends somewhat upon the degree of accessibility 
in all parts of the combustion space which the par¬ 
ticular cylinder design affords. 

Routine of process: A tank of oxygen, at an 
initial pressure of about 1,800 pounds per square 
inch, fitted with an adjustable reducing valve that 
brings the pressure down to 10 to 20 pounds. Is 
employed, and the oxygen is applied through a 
torch with a long,, rather fine, flexible delivery jet, 
communicating with the reducing valve through a 
flexible tube and fitted with a trigger valve (FV). 
The delivery jet of the torch when entered through 
a valve plug orifice, can be manipulated to reach 
all parli of the combustion space, if slightly heat 
and cleverly turned and twisted by the operator, 
(see Instruction 46C.) 


The oxygen pressure necessary for successful 
carbon burning is about fifteen pounds. Ibe work¬ 
ing pressure should not exceed twenty pounds. The 
required pressure is secured by means of an oxygen 
reducing valve (see fig. 8, chart 293) with which 
the oxygen cylinder should be equipped before eer* 


\um burning is attempted. 



Fig. G—Chemical method 
of cleaning carbon. 


Chemically. 

Fig. 5—There are sev¬ 
eral preparations an the 
market called decarboa- 
isers; It comes in both 
liquid and powder form. 
This chemical dissolves 
the carbon and will alee 
loosen the rings, see, 
explanation in text, page 
62H. under the heeding 
how a liquid decar¬ 
bonizer is used.” 


CHART NO. 240-A—Cleaning Carbon—different methods—see chart 293 for oyx-acetylene welding 

For decarbonizing, only the oxygen tank is used. 
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Bad Effect of Carbon Deposit. 


Carbon deposit will cause the valves to 
leak by the carbon gumming under the seat 
of the valve—thereby decreasing the power. 

Carbon deposit cakes on the end of the 
piston and on the walls of the combustion 
chamber, which, when engine is hot will 
cause these small particles of carbon to be¬ 
come red hot and cause premature ignition 
and result in pounding, (see pages 233 and 
635.) 


Carbon deposit will also cause the spark 
plugs to become fouled, for if the oil you are 
using will cause carbon in one place it will 
accumulate on the spark plugs also. In other 
words, carbon is a bad thing for an engine 
and ought to be removed. 

Soot or carbon deposit in an engine ac¬ 
cumulates on the head of the piston and 
in the combustion chamber generally. 


Indications of Carbon. 


Carbonisation of engine—general Indica¬ 
tions: If you should note that the engine, 
when fully supplied with water and oil 
and the spark lever in proper position, is 
overheating easily, has weak compression 
and developes a * ‘ knock ” or tf clank 19 when 
on a hard pull, there is probably a large 
deposit of carbon in the cylinder compres¬ 
sion chambers. This may be due to %he use 
of poor lubricating oil or incorrect adjust¬ 
ment of the carburetor. Even though it is 


not affected by these two conditions, a 
small residue of carbon will adhere to the 
interior of the compression chamber, and if 
left for a great length of time, will develop 
the trouble mentioned above. Of course the 
carbon sticking to the inside of a cylinder 
becomes red hot and pre-ignites the charge 
called pre-ignition—see pages 639 and 233. 
See page 202 for smoke indication of too 
much oil. 


♦♦♦Carbon Deposit Preventive. 


Mix 8-5 per cent kerosene to 15 per cent 
denatured alcohol. Pour a few tablespoon- 
fulls of this mixture into the cylinder of 
the engine through the relief cocks. To 
get the best results, the mixture should be 
poured in while the engine is still warm, 
after a run. Then close relief cocks, crank 
the engine with the switch off two or three 
times slowly; this will work the mixture 
thoroughly into the carbon. Then allow the 
engine to stand in this condition overnight. 
Next morning when starting there will be 
considerable smoke, but this will soon pass 
away. The exhaust “cut out M should be 
opened and the engine speeded up, so the 


dissolved carbon will pass out freely. This 
operation, if frequently used, will, to a con¬ 
siderable extent, keep the compression 
chambers and pistonB clean. If there is 
considerable carbon already in cylinders 
before trying this, then it will be neces¬ 
sary to first have cylinders cleaned by 
scraping or by the oxygen decarbonising 
process employed at some repair shop, be¬ 
cause the carbon will probably be hard. 
After once cleaning the piston and by the 
use of this mixture and above all, the use 
of good oil, the cylinders should remain free 
from carbon. It is advisable to change old 
oil at this time, and put in a fresh supply. 


Cleaning Carbon from Cylinders. 


This is a job usually attended to when cyl¬ 
inders are re-ground. The frequency of the 
job depends upon the service, and quality 
and quantity of lubricating oil used, (see 
page 653.) 

Methods of Cleaning. 

There are live methods employed in clean¬ 
ing carbon. The most effective being that 
one which removes the carbon most com¬ 
pletely—probably by hand, but to remove 
piston is sometimes an expensive job and 
other recourses are resorted to as will be 
mentioned. 

(1) One plan is to remove piston as per 
fig. 1, chart 249-A. 

(2) To remove cylinder head as per 
fig. 2.’ 

(3) To scrape with special scrapers as 
per fig. 4. 

(4) To chemically clean and dissolve the 
carbon, see fig. 5. 

(5) To clean by the oxygen decarbon¬ 
izing process as per fig. page 624. 
See also pages 726, 727. 


This last mentioned method, is the most 
generally used and conceded to be one of 
the best. 

No damage to cylinders: The piston of eaoh 
cylinder to be treated is, of course, brought to its 
extreme head-end position before operations are 
commenced, this condition being indicated by 
both valves being closed and the fly wheel mark¬ 
ing showing the engine to be on center, and thns 
no portion of the piston-traveled wall area of the 
cylinder is exposed to flame. In all water-cooled 
engines most of the combustion space is water 
jacketed, the mass of metal is large and the rise 
of temperature, even of the parts not directly in 
contact with water, is quite slow, so that the 
danger even of superficial oxidation is very slight 
as long as reasonable prudence is exercised. Iron 
will burn in an atmosphere of oxygen, but only 
when in very small masses so situated as to re¬ 
tard the dissipation of their heat, and when 
brought up to a very high temperature by the con¬ 
tact of some other burning material having a very 
high temperature of ignition. The laboratory 
experiment of burning an iron wire or watch 
spring in a bell glass of oxygen is familiar to all, 
but the wire must be very fine and tipped with a 
lobule of burning sulphur or equivalent material 
efore combustion can occur. The injurious burn¬ 
ing of the extended surfaces of the relatively large 
masses of a cylinder head, while surrounded with 
water, seems out of the question. 


***It'is important that kerosene is not mixed with the lubricating oil as it will lose its lubricat¬ 
ing qualities. Orank-caee should be wiped out before putting in fresh oil, see pages 201 and 205. 

♦♦♦A carbon preventive called “Woodworth Oarbon-Olear” mnf’g’d by Woodworth Mnfg. Oorp’n., 
Niagara Falls. N. Y. is mixed with the gasoline; one spoonful to five gallons. It is claimed this will 
prevent the formation of carbon. 
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Note: In using oxygen for carbon removal. 
The piston should be placed at the extreme top 
of the cylinder, as the intense heat tends to 
roughen the cylinder walls. The flame should 
not be directed to strike the threads of the 
spark plug hole, and see that the water system is 
kept full of water. The torch should be moved 
constantly to cover as large an area as possible. 

Questions Sometimes Asked. 

Q.—Where can oxy-decarbonizing outfits be 
secured f 

A.—The Prest-o-lite Oo., Indianapolis. Iud., 
make a good cheap outfit, also the Turner Brass 
Works, Chicago; Imperial Brass Oo., Chicago, and 
the Rice Co., Dayton, Ohio, see Instruction 40-0. 

Q.—Can the Prest-o-lite tank be used for this 
purpose ? 

▲.—The oxygen tank of their welding outfit 
ean be used, but lighting gas cannot. 


How Liquid Decarbonlaer is Used. 

’ In giving your engine the first dose (see fig. 5. 

{ >age 624), and where carbon is well aeeumu- 
ated; start the engine and run until warm, 
shut engine down and pour the decarbonizer into 
each cylinder, say about % pint in each, where 
it can act on piBton and rings. Also pour it over 
and around the valves. Leave the engine set over 
night, or at least three hours. After this time, 
start engine up and the carbon will pass off 
through exhaust. The compression and energy 
of engine will develop and you will be surprised 
at the power and results. 

After once cleaning in above manner, about 
once every two weeks, feed the decarbonizer to the 
engine by placing about % pint in an ordinary 
oil can and let it pass in the air intake of car¬ 
buretor while engine is running, it will suck into 
engine and will be sufficient, to keep rings and 
valves clear and to keep carbon from forming. 


Why an Engine Loses Power. 


Pour main causes. When an engine fails 
to develop its usnal power the cause is fre¬ 
quently one of the following. (1) loss of 
compression; (2) deranged valve action; (3) 
faulty ignition; (4) improper carburetion 
mixture. 

(1) *Loss of compression means more than 
simply failure to compress the charge a 
specific amount; it is a common name for a 
condition which not only meanB low initial 
compression and consequent weak explosion, 
but also that a smaller charge is taken into 
the cylinder, that a portion of the dimin¬ 
ished charge escapes during the compression 
stroke without doing even a small amount 
of work, and that a part of the explosive 
force (the only source of power that an en¬ 
gine has), escapes through unauthorized 
channels—altogether a threefold loss. 

Faulty compression comes from a variety 
of causes; cylinders may be worn, scored or 
cracked, pistons sometimes crack, rings be¬ 
come gummed, worn or broken, valves need 
grinding when pitted or warped, their stems 
are sometimes bent so that the valves can¬ 
not seat perfectly, or the stems and guides 
considerably worn. Valve stems become 
gummed and the springs sometimes weaken, 
so that a portion of the charge escapes be¬ 
fore the valve shuts it in. 

Leaks occur around spark plugs and valve 
caps, but are readily found by applying 
a little oil, while engine is running and 
noting if it bubbles. 

(2) Valve action is disturbed by wear, 
usually the valve tappets were not giv¬ 
ing sufficient opening, or set to give too 
much opening, or valves not properly timed. 
Valves not seating of course comes under 
loss of compression. 

* (3) Faulty ignition is occasioned by in¬ 
sufficient or unsuitable sparks, or a spark at 
the wrong time (see pages 307 and 308), 
which may result from imperfect setting of 
spark, weak battery, either primary or stor¬ 
age, or from demagnetization or some other 
trouble peculiar to the magneto. The 
timer should come under suspicion and be 
carefully examined for defects which lead 


to irregular action. Lack of synchronism 
means loss of power, and it is plain that 
missed explosions are fatal to efficiency. 
It is not always easy to detect missing or 
weak explosions and no doubt they pass un¬ 
noticed many times. If vibrator coils are 
used they probably need adjusting, or their 
contacts need dressing, see page 234. 

(4) See page 168 for carburetion 
mixture. 

Other Oauses of Loss of Power. 

Air leaks around Inlet valve stems, mak¬ 
ing it impossible for even the best car¬ 
buretor and the most careful regulation to 
supply a right mixture, as the leakage fluct¬ 
uates and is greatest at the very time when 
the volume of gas used is the smallest, be¬ 
cause there is stronger suction when the 
throttle is nearly closed, thereby complete¬ 
ly upsetting right proportions at all throttle 
openings except the one adjusted, also air 
leaks around carburetor or intake connec¬ 
tions. (see page 162). 

Weak valve springs will also cause loss 
of power as explained on page 636. 

The muffler may have become clogged by 
soot and charred oil, thus preventing a free 
exhaust and consequently a full charge, be¬ 
sides causing back pressure and undue heat¬ 
ing. Gasoline passages may have become 
clogged. 

The oiling system may fail to supply the 
needed amount of oil, or the oil used may 
not be of the former good quality. 

Carbon may have accumulated in the 
cylinders; air valve in carburetor may be 
working badly because of dirt or wear. 

Dragging brakes will consume a lot of 
power. 

Sometimes the addition of a top, etc., is 
not duly allowed for, though every driver 
must have observed what a difference the 
weight of one passenger makes. 

Tn conclusion it is suggested that if a car 
does not run with Its former power the 
cause Is probably not due to any one th in g , 
bnt to a number, each contributing in pro¬ 
portion to its importance. 


♦The explosion pressure runs from three to four times that of compression. If the compression drops 
one-half, then the explosion pressure drops, but the loss is in more than direct proportion. It wouU 
seem that if the explosion pressure was one-half, the power developed would be one-half. Bat ons 
must realise that it takes a certain amount of power merely to keep the engine moving. That la, to over¬ 
come the inertia and friction of the moving parts. This amount is constant. All power develops! 
beyond this amount ia available to run the car. If the compression and power drop to one-half, fast 
as much power is required to run the engine, so that the available power drops in mnch greater degree. 
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♦Compression. 


The advantages of high compression are: 
greater engine efficiency at high speeds and 
greater economy in fuel. The disadvan¬ 
tages, are lack of flexibility at low speeds, 
grp&ter strain on bearings and greater ten¬ 
dency to burn valves and plugs and also a 
tendency to over-heat. 

A greater compression can be carried in an 
overhead valve engine regardless of stroke 
or bore, therefore larger valve openings are 
permissable. 

Naturally this increases the heat, but as 
the valves are in the head, the discharge 
is rapid. The explosion pressure is gener¬ 
ated directly above the piston center which 
receives no side thrusts. 

The spark plugs in an “L” head type are 
usually over the inlet valves wherq the in- 
rushing gas keeps them cool and where the 
Are is most certain—being in the most per¬ 
fectly scavenged part of cylinder, i. e., the 
direct path of the fresh charge. 

In the overhead type, on the contrary, 
they are exposed to the full heat of the ex¬ 
plosion. In a high compression engine there¬ 
fore only well-made plugs should be used. 
One method of protection is to surround the 
plug with a water jacket as much' as possible. 

Abnormal compression is prone to cause 
overheating. Results however can ITe ob¬ 
tained with high compression ratio, which 
cannot be approached with average com¬ 
pression. 

If a high compression is desired in an L 
or T head engine, in order to take advantage 
of the high compression the cylinders must 
be designed with a sufficient long stroke, 



to enable the desired ratio to be obtained 
without raising the piston appreciably 
above the floor of the 
valve pockets, as at 
(L) in the illustra- 
i tion. 

t Compression 
Average of 
Engines. 

The most usual 
compression ratio for 
touring car engines, 
is about 70 or 80 lbs. 

Fig. 1— This illustra- P® r ®<1- inch * without 
tion shows type of pis- the additional ef- 
ton referred to. It will , f ec ts. This, when 

be obvious that the ex- _• 

plosion will develop in running at average 
valve pocket (L) and road speeds, probably 
part of its value lost increases 90 to 100 lbs. 
:» h . e v. &?*£&% or thereabout. The 
any great extent. Hudson 18 110 lbs., 

Chalmers, 6 0 to 7 0 lbs. 

A six, eight or twelve cylinder engine, 
having a much more continuous torque than 
a single cylinder engine, will obviously 
stand a higher ratio of compression. 

The maximum compression is determined 
when throttle is wide open and all pet 
cocks closed. For instance the compression 
in cylinder of a Packard should show 76 to 
86 lbs. pressure at cranking speed with pet 
cocks closed and wide open throttle. 

Compression at time of explosion at in¬ 
stant when piston is at top of stroke is very 
hard to determine. Factors which would 
have to be taken into consideration are: 
character of fuel, degree of mixture, speed 
of engine. In the average engine, pressure 
at explosion would probably be about 260 
pounds. 


Compression Effect and Cause. 


The subject of compression is one of the 
most important subjects connected with a 
gasoline engine—if an engine lacks power, 
nine times out of ten it will be traced to 
poor compression. 

The compression space in an engine is the 
space between the end of the piston and the 
top of the inside of the cylinder at at (L), 
fig. 1. In drawing in a charge of gas into 
the cylinder* ** the piston travels downward, 
but after drawing in the gas through the 
intake valve, the valve closes and the 
piston on its up stroke pushes the gas up 
into the head of the cylinder and compresses 
It. (see page 307.) If the valve leaks, or 
there is a leak otherwise, then the gas will 
not be compressed to as high a pressure as 
if there was no leak. 

These joints must be tight at all times. For 
instance, if the cylinder head gaskets or the 
small gasket in the spark plug, or the spark 
plug itself is not tight, gas will leak out 
and eause loss of compression and lack of 
power. 


There may be a leak in the gasket con¬ 
necting the intake pipe. This is a very 
common cause for missing at low speeds, 
and is best detected by allowing the engine 
to run at the missing speed (see page 162 
and chart 292). Take a squirt can full of 
gasoline and squirt around all the intake 
pipe joints. If you detect any difference 
whatsoever in the running of the engine, 
there is a leak. The remedy is obvious. 

♦♦When cylinders are not cast en-bloc (see 
page 81) care must be taken that gasket| 
are of exactly the same thickness, other¬ 
wise the cylinder with the thickest gasket, 
will be raised higher than the others and 
consequently have larger combustion space 
and as a result have lower compression. 
This in turn disturbs the running balance. 

In two-cycle engines conditions would be 
even worse, for here we not only increase 
eombustion space, and enlarge the lower 
space (which in 2 cycle engines is an in- 
portant feature,) but we also change the 
port timing, as a little thought on this sub¬ 
ject will prove. 


*8ee page 807 and foot note bottom of page 626 and index for "Compression." 

**S«e page 640. tOn engines using kerosene about 65 lbs. is the average. Note foot note about 
difference between compression and explosion pressure. Also see foot note page 909 and pages 793, 
817, and foot note page 909. 
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Asbestos gaskets when replaced are first 
coated with shellac or soaked in linseed oil. 
Copper gaskets are soft and give, therefore 
do not require this treatment. 

When the gas is compressed to the highest 
point, then 9 the spark ignites the com¬ 
pressed gas and forces the piston down 
with great force. If the compression pres¬ 
sure is low the force will be less. If the 
compr es sion power is high the force will be 
greater. 

Leaks will affect the operation of the en¬ 
gine, In weakening the compression, diluting 
the fresh charge by the air that enters, the 
escape of the pressure during the power 
stroke, and the igniting of the mixture in 
the inlet pipe. Therefore the power of an 
engine depends on good compression, and 
good compression must be maintained. 



9—If compression is poor, the probable 
eanae; valves are leaking at the seat, (see also 
page 92.) 


There are many places to look for com¬ 
pression leaks; through the valves not being 
set right or through the valves leaking at 
the seat, through the valve caps not 
being screwed down tight, through the spark 
plugs, relief cocks and piston rings. I have 
also known leaks to occur through a small 
sand hole in the end of the piston. 



Fig. S—Other causes of leaks may be in the spark 
plug, gasket or piston rings, (see also page 162.) 

The most frequent cause of leakage Is 
from pitted valves (see page 630), which by 
not closing tightly, permit the pressure to 
escape. If the valves are in good condition, 
and the spark plugs and other openings in 
the cylinder head are tight, leaky piston 
rings may be causing the loss and should 
be examined. 

The spark plug and the relief cock may 
be made tight by the use of copper-asbestos 
washers, or by a copper washer, that metal 
being soft enough to be forced into the rough 
places, (see chart 292.) 

Leaky valves may be ground in as de¬ 
scribed under 1 ‘valve grinding.” (see page 
630.) 


Other Causes of Loss of Compression. 


It is probable that the cylinder wall, 
cylinder head, or piston head is cracked. A 
crack in the cylinder wall will admit water 
to the cylinder from the water jacket. If 
a hole is suspected, a test, can be made on 
the cylinder to see if there is a leak by 
putting a foot pump connection to the water 
jacket of the cylinder, fill water jacket with 
water and apply the air pressure and see if 
bubbles of water ooze through, inside of 
cylinder. If this is the case then these 
holes must be made tight. 

If water la found in the crank case, it is 
evident that there is a leak through cylinder 
from water jacket. It is possible, sometimes, 
to stop these leaks with salarnmoniac. See 
” index 11 for this subject. 

To detect a crack in the piston head, it 
must first be scraped clean of the carbon 
deposit and examined carefully. 

Sometimes there will be a discharge back 
into the carburetor; this indicates a leaky 
Intake valve, providing it is not first found 
to be in the fault of carburetor adjustment. 

Sometimes a discharge in the muffler in¬ 
dicates a leaky exhaust valve, but not al¬ 
ways. It will require an experienced ear to 
detect the difference from that of an unfired 
charge being exploded in the muffler, due to 
carburetor adjustment find that of a leaky 
exhaust valve. 


When the piston rings have been cut and 
scratched by long use, or running without 
oil, the leak will be into the crank case, and 
when this part heats so that it is uncomfort¬ 
able to touch, it is an indication that it 
exists. The only remedy is the reboring 
of the cylinders, and the fitting of new piston 
rings, or if not too badly scratched new 
piston rings may suffice. Piston rings most 
be handled carefully, for they are very 
brittle. To place new ones in position, see 
chart 261 and page 657. 

When piston rings are not pinned in posi¬ 
tion, they may work around in their g roove e 
so that their split ends are in line, and this 
will often give the compression an opportu¬ 
nity to escape. Therefore, see that the split 
ends are not in line, (see chart 2b 1.) 

Piston Bings Cause of Leaks. 

If the piston rings are in good condition, 
they will be smooth and shiny, as will also be 
the cylinders walls. If the rings are dull 
and dirty in spots and streaks, it will in¬ 
dicate that the flame passes between them 
and the walls, leaving a sooty depesit. 

Badly fitting piston rings may be caused 
by the rings sticking in their grooves, be¬ 
cause of gummy deposit from the lubricat- 
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ing oil; rings that are stuck in their grooves 
will not press against the cylinder walls and 
will cause loss of compression. Kerosene oil 
will cot this gum, and free the rings. If this 
is suspected, a little kerosene poured into the 


cylinder and distributed by cranking the en¬ 
gine will cure it. 

Leaky gaskets cause loss of compression: 
On page 717 and page 162, the different 
places for gaskets are shown. 


♦♦Testing Compression. 


The compression is much easier to test 
than the carburetor or ignition apparatus. 

♦To test the compression of the engine one 
has but to crank it slowly (with switch off) 
and note the comparative resistance of each 
cylinder and the resistance of all in general. 
If the resistance of the compression of one 
or more cylinders is comparatively poor, 
under ordinary conditions the valves of 
those cylinders need grinding. If the resis¬ 
tance of all of the cylinders is not up to the 
regular standard, then, perhaps, all require 
regrinding. 

A method of testing with a special gauge 
is shown in fig. 4. 


Fig. 4—Testing with 
a compressometer: This 
is a special gauge de¬ 
signed for testing the 
comparative pressure of 
each cylinder. 

It is attached to the 
engine cylinder by re¬ 
moving li spark plug and fitting compresso-meter 

instead. The engine should be turned over two 
or three times either with the self-starter or crank. 

Compression of the cylinder to which the 
oompressometer is attached is indicated on the 
instxiunent as the maximum hand (short one) re¬ 
mains at the highest point so indicated. Note 

the two hands; the short one remains fixed at the 
highest point reached during the test. 

As yon test each cylinder separately, enter the 
reading on a slip ef paper, then compare the re¬ 
sults. Those cylinders showing low compression 
are leaking and the cause should be found and 
remedied. 

A cylinder with goad compression cranks 
with a springy resistance. If it cranks very" 
freely, it may be considered an evidence of 
poor compression and the cylinders should 
be tested for compression one at a time, as 
follows: 

The compression relief cocks (if a six cyl¬ 
inder) on five of the cylinders, say Nos. 2, 
3, 4, 6, and 6, should be opened and the com¬ 
pression of No. 1 noted when turning the 
engine over. Then close relief cock No. 2, 
open cock No. 1 and crank again to test 
No. 2 and so on until the six cylinders are 
tested. 

A leak through one or more valves gen¬ 
erally is accompanied by misfiring and loss 
of power. A slight leak through all of the 
valves is accompanied by loss of power, but 
often without misfiring. 




Grinding the valves will probably remedy 
this, if the leak is not due to leaky piston 
rings. Sometimes leaky piston ring trouble 
can be remedied by first giving the engine 
the kerosene treatment and tightening up 
the spark plugs and valve caps. 

To test for a leak at the valve cap, spark 
plug, and relief cock: Pour oil over the cap 
on top of the cylinder block and if bubbles 
occur when the piston is moving, upward, it 
is an indication that there is a leak. It 
can be corrected by simply tightening the 
cap or it may be necessary to renew gasket. 
Pour water into valve cap to detect leak 
where spark plug or relief cock is screwed 
into it. Leaks very seldom occur here, but 
when they do, remedy b‘y merely tighten¬ 
ing up. 


A compression leak between the piston 
and cylinder walls is rather difficult to test 
—probably the best way, is to first correct 
valve compression leaks and valve cap leaks, 
then if the compression is still poor, then the 
leak must be between the piston and the 
cylinder wall. This can be corrected by 
taking out piston and putting in new rings. 

The owner of a car, however, win very seldom 
be troubled by a compression leak between the 

S iston and the cylinder wall as the rings are held 
i close contact to the cylinder walls by spring 
tension. This means that when free they are a 
little larger than the bore of the cylinder and they 
are sprung into place in the grooves of the piston 
afid inserted into the cylinder, wear is taken up 
and contact surface perfected by the action of the 
spring tension. 



Fig. 5 —To test for intake valvu and 

piston ring leaks—a suggestion. 


To test for Inlet valve leak: Place a hose 
over the carburetor air intake as per fig. 5. 
With throttle wide open, have some one 
crank engine with switch off. Place hose to 
ear; if a hissing sound is heard when piston 
is on compression stroke, the inlet valve is 
leaking and needs grinding. 

Crank as before; if a hissing is heard, the 
pressure is escaping past the piston ring, 
down wall of cylinder into crank case. In 
this case new rings are required or maybe 
kerosene treatment will suffice. 


*8ee page 627; “maximum compression determined with throttle wide open." 

♦♦If after these teets compression is not restored, the trouble is a serious one, requiring removal of 
cylinders. The piston rings may be broken, scored, or badly worn, or the cylinders may be 
scored also. Such troubles require a well-equipped repair shop, as new rings must be fitted and 
the cylinders reground. Keep in touch, so to speak, with the compre^o** in your engine if you 
with to obtain best results. 
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When spark plugs are constantly oily and 
fouling, this is an indication of oil passing 
from crank case past a loose ring. 

It is also indicated by excessive lubri¬ 
cating oil smoke (blue) passing out exhaust, 
the oil works up past rings. 

Spark Plugs Indicate Valve 
Condition. 

The condition of spark pings will sometimes in¬ 
dicate condition of valves. If the end of the 
•park plug is oily it indicates too much lubricat¬ 
ing oil or leaky piston rings. If black soft soot, 
like that which accumulates in a lamp chimney, 
this indicates that too much gasoline is being fed 
to the cylinder through intake, causing too rich 
a mixture. This may come from improper car¬ 
buretor'adjustment or an air leak in intake mani¬ 
fold. If the end of the pings are oily and sooty, 
this would indicate that the valves leak, as this 
permits burnt gases being drawn into the mixture, 
which would result in poor combustion and lack 


of pressure in cylinder, also permitting oil to paae 
and foul the plug. 

Prussian Blue for a Valve Test. 

To test valve head seat: Buy a ten cent 
tube of Prussian blue at any paint store. 
Loosen the valve spring, and blue the face 
of the valve and then turn it one quarter 
around in the valve seat. If the seat shows 
a clear clean line of blue, you have a per¬ 
fect fitting valve. If there are points yrhere 
the blue does not touch, you have worn or 
warped valve or a faulty seat. 

To test valve seat: Reverse the operation 
and place the Prussian blue on the valve 
seat, repeating the one quarter turn. If 
there are points where the blue does not 
touch, the valve and seat both require 
attention. 


Valve Troubles. 


To determine if valves need grinding or 
reseating: Valve grinding will ordinarily 
remove small pits, but if badly pitted or if 
valve head is warped (caused by excessive 
heating), out of line with its seat, or if 
shoulders appear on the valve face or valve 
seat, they should first be re-seated with a 
special re-seating tool and then ground to 
a smooth surface. 




Fig. 6 


Fig. 6—Note 
the black 
spots on valve 
face and valve 
seat. This per¬ 
mits the es¬ 
cape of gas. 
If ground or 
reseated the 


•pots will be removed and valve 
will seat tight, if pitting is not 
too deep and valve spring not 
too weak. 


Pig. 6A—Exhaust valve stems often become 
carbon coated and when engine is driven at high 
speeds the temperature increases, causing expan¬ 
sion, and the result is the valve will be given a 


taper effect which will not permit valve to seat 
properly. Often times this is the cause of a leaky 
valve and stem should be cleaned thoroughly and 
sufficient clearance allowed between valve stem 
and valve guide. 

Refitting New Valves. 

When valve stems become badly worn, it is 
almost a certainty that the guide or hole through 
which the stem passes is also worn out of round. 
The cheapest and best way to remedy this, is te 
ream out the guide hole 
and install another valve 
with an "oversize" stem, 
as shown in fig. 21. 

The reamer set (fig. 
20), includes a case 
hardened guide, which 
fits in the valve cap 
recess and insures that 
the finished hole will be 
true and in perfect 
alignment. 

The over-size valve 
stems vary in sise by 
64ths of an inch and 
usually 1-64 larger is all 
that will be found nec¬ 
essary, unless too badly 
worn, (see page 609.) 



tig. 20 — Guide 
reamer for reaming 
oversise valve guide. 


Pig. 21 — Valve 
with oversize stem. 


Grinding Valves. 


Valve grinding is necessary when either 
the inlet or exhaust valves leak. The ex¬ 
haust valve has a 
tendency to leak 
more than an inlet 
valve because it 
is more exposed to 
the heat. 

To test if valves 
need grinding, see 
above “Prus¬ 
sian blue test. ’ 1 
Also try the com- 
Fig. 2 — A home made presnion. Weak 
valve spring lifter. compression usual¬ 

ly results from leaky valves also leaky 
rings, therefore be sure it is the valve and 
not the rings. 




•To grind valves is not a difficult process. 
It is merely a slow and pains taking job, 
and is better 
done the more pa¬ 
tient and untiring 
the operator is. 
Don't let any one 
tell you that it re¬ 
quires an expert or 
a mechanic, a • 
such is not the 
case. 

Pint remove tbs 
intake pipe (if it 
is in the way). Re¬ 
move the valve 
cap. Use some 


1—Remove pin 
in end of valve stem. 
A spring lifter will 
make this 


easy. 


•If the repairman finds difficulty in grinding some of the valves, owing to the fact that the abrasive 
will cut the surface very slowly, it is because that particular engine has a very hard alloy steel 
Tungsten valve. When fitting new valves call for Tungsten metal valves. However, good valves 
are also made with cast iron heads welded to si eel stems. 
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form of spring holder so that the tension cf 
the spring is relieved while the key is takhn 



Valve cover removed exposing 
the valve springs. 

oat from under the spring. These springs 
are very stiff and will require a special 
spring lifter of some form which can be 
secured at any supply house or you can 
make a serviceable tool, of a % inch iron 
bar, about 18 inches long and split at one 
end, as per fig. 2, (page 680.) After the 
key is removed, then the valve is lifted out 
of its seat, (see also page 92). 

Second, place some valve grinding com¬ 
pound on‘the face of the valve. The usual 
proceedure is to first apply a coat of oil 
on the seat, then distribute it with, 
the tip of the finger; then dip the finger 



Pig. 3—Lift valve ponnd around edge 
oat of cylinder. of valve. 


into the emery (flour of emery) and apply 
this to the seat. Put on an even coat and 
don’t plaster it all around the surrounding 
metal parts. Take your time. 

There are special prepared grinding compounds 
which can he secured at supply houses. It comes 
in three grades No. I, No. 2, and No. 8. The 
first is coarse and cuts heavily; the second does 
not cut so much, and the third polishes. 

Third, place valve back into seat; then 
use a screwdriver or a brace with a screw¬ 
driver bit, placing the point in the recess, 
with which most valves are provided. 

♦Grinding Cage 

The above instructions are for grinding 
the poppet type of valve in an 4 'L” or '*T’’ 
type of cylinder. If the valve is of the, 
‘‘cage” type, used in some of the I 
head cylinders, then the cage must be re¬ 
moved as shown in illustration, fig. 2, 
chart 250. The cage is placed in a counter¬ 
sunk hole in the bench, with a spring under 
the valve to raise it. In fact it is a good 
idea to place springs under all types of 
valves when grinding as shown at top of 
this page—right hand illustration. 

If the spring is tied as shown in fig. 3, 
chart 250, it will be easier to replace. 

To tell when valve Is ground or has a per¬ 
fect seat, see page 630; **Prussian blue 
teat.” Another method is to mark the valve 

♦To grind overhead type valves with valve seat in 

valves where they are operated by overhead cam- 


gar* There are various ways to grind 

valves; with a breast drill or brace 
&—> and acrew driver bit or by hand. 

A with a regular screw driver, or by 

II machinery, see also pages 682, 688. 
V 616, 616 and 602. There are nu- 
fr merous valve grinding tools on the 

B market. 

If A spring should be placed un- 

l\ der valve as shown. This will al- 

low the valve to raise from its 
seat occasionally. Place a cloth in 
S—the opening to cylinder to prevent 
s Or the grinding powder and dirt get- 

gpfl pr ting in. And be snre and take it 

M out when through. 

Fourth, turn the valve half a revolution 
back and forth in its seat, and occasionally 
lift from its seat and shift around. Don’t 
turn round and round. 

When the pits on the valve are almost 
removed, continue the operation with flour 
of emery of a finer grade instead of the 
coarse grade; remove the valve oftener, ap¬ 
plying more oil and less emery each time, 
until a good seat is obtained all around: 
then finish up by polishing the seats with 
oil. Kerosene is most effectively used in 
finishing, and the smoother the finish ob¬ 
tained the less chance for a leak. Be sure 
valve stems are free in the guides. 

Remove valve and clean both head and 
seat with kerosene and don't overlook clean¬ 
ing the valve stem. 

Xf a polished seat Is desired, finish as follows: 
When the valve is ground to a dull, smooth sur¬ 
face, remove and clean valve face thoroughly. 
Do not clean valve seat, but leave upon it the 
compound which remains from the last grind¬ 
ing. Replace valve and give twenty or thirty 
tnrns. Remove again, clean valve, but not seat 
as before. Replace valve and repeat until the 
desired polish is obtained. The polished seat 
may look somewhat better, but the dull smooth 
seat gives much better results, as has been proven 
by test. 

When grinding valves, a pressure of about 
3Vs lbs. is sufficient. More pressure than 
this will cause grinding compound to cut 
rings in the vhlve or seat. 

A valve that is properly seated will 
bounce back when dropped into its seat. If 
it stops with a dull thud, either the grind¬ 
ing is not perfect or the valve stem is bent. 

After grinding valves adjust the valve 
clearance as per pages 94 and 634. It is 
advisable however, to allow the valve tap¬ 
pets to run loose for a period of several days 
before adjusting them to the minimum 
amount of clearance or space. 

Type Valves. 

face with a pencil, as shown in fig. 3, 
chart 250. 

Reseating Valves 

Is explained in chart 250. Ordinarily 
valve grinding will answer, but if valves 
are badly pitted, warped or a shoulder ap¬ 
pears, then it needs refacing and reseating. 

Q.—I have a Mitchell 6-50-1914 model. Valve 
seats have been ground till the valves drop a l 4 
inch into seat and the valve is not level with the 
combustion chamber till the piston has de¬ 
scended % of suction stroke. Valves are 2^4 ins. 
Cylinder bore 4^4, stroke 6 ins. Would it do to 
reseat with a 2% inch reseater and use 2% inch 
valves f 

A.—Tour suggestion to use 2% inch valves is a 
good one. Leave the seat narrow so it will last 
longer. 1-16 to % inch is wide enough for the 
seat in the cylinder. Ton can get the valve 
blanka at the St. Louis Machinist Supply Com¬ 
pany, St. Louis, Mo., or most any auto supply 
house. 

cylinder head, see page 636. To grind overhead type 
shaft, see page 918. 
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Dremr Head 
Fating 
'Adj, Cange Screw 



Fig. 2.—Cage typo of 
valve. To grind this 
type, remove cage and 
valve and grind in same 
manner aa the poppet 
valve, see fig. 3, page 
90, fig. 4, page 94. 

Overhead operated 
valves on an engine 
not equipped with remo¬ 
vable heads are of the 
cage type (see pages 90 
and 91). They are also 
of the 4 *valve in head" 
type, see pages 90 and 
109. 


Fig. 3.—To test the finish of a valve 
face after grinding: mark it with a lead 
pencil as shown about Vi in- apart or less; 
after putting valve in place and oscillated 
about V4 turn, if all marks are erased the 
job is satisfactory. (The marks on valve 
"W" are the pencil marks to be erased.) 
The Prussian blue test, is also a good 
method for testing, see page 630. 

Tie the valve spring before trying to 
replace It. A simple method is to com¬ 
press a valve spring between the jaws of a 
vise. Whilst compressed it is tied up with 
a loop of wire or string in two or three 
places. When the spring is thus tied up 
under tension its replacement is easy. 
This is not necessary if a valve spring 
lifter is at hand, see page 630. 


Refaclng Valve. 

The subject of valve grinding is treated on page -630. Where 
valves are badly pitted or warped, or where shoulders appear, this 
will then require more than mere grinding. A special tool is there¬ 
fore required to reface the valve and for reseating the valve seat. 

The dresser head for refacing the valve and a reseater for ream¬ 
ing out the valve seats—both being adjustable for different sise 
valves, is shown in figs. 6 and 6. 

Refaclng a valve is shown in fig. 5. This method was the ap¬ 
proved method when valve stems were made of steel and had a cast 
iron valve head electrically welded to stem, but now, many manu¬ 
facturers are using hard tungsten steel valves, therefore the usual 
way a tungsten valve is refaced is by putting it in a lathe and emery- 
ing it down. 

The McCullough valve refacer however, will save the necessity 
of doing the work in the lathe and will accurately reface any valve, 
tungsten or other kinds of metal valves in one or two minutes time, 
see fig. 7. 

Reseating Valve Seats. 



Fig, 6.—Illustrating the method for 
refaclng a valve with a Hoaly re fac¬ 
ing tool. 


Culler Carrier 


Perl Cent trio | Device 
Rescaling Cutter 



Fig. 6 -—Illustrating the method 
of truing tip a valve seat and 
reammg worn valve stem guide. 

(llfulj Toni k \\< Co,, Buffalo. 
Now York.) 




Truing up a valve seat in the cylinder is usually done with standard sires 
of valve reseating cutter, one type is shown in fig. 6. 

When reseating valve seats the novice must be careful, to not cut loo 
deep into the seat and thereby lower the valve stem. In fact, it is advisable to 
adjust the valve clearance after either grinding or reseating valves. After re 
seating, always grind the valve in order to make a good tight seating, (see fig, 
8, of an improved method of reseating valves.) 

A perfect seat Is assured when a white line extends clear around both t bi¬ 
valve and (he seat, when giving the prussian blue test. The width of the h > 
is immaterial, but the narrower the line, the better the compression wi U h> 
because there is less area for the pressure of the val\e spring to act on. 
over, it ia not well to have the ring less than V4 inch wide. 

A valve seat should have a bevel of not less than 45 degrees. Lean than 
this the valve will stick. A good angle is 60 degrees. 

It will be noticed that some valve stems seem to wear very much on one 
aide. This may be caused by one or more of three things, vis: the hole is not 

concentric with 
valve seat — which can 
be remedied by 
seating in a radial 
drill press; the top of 
the valve lifter is not at 
right angles with the 
valve stem, wedging it 
off to one side, or thn 
same may be true of the 
valve cap on the stem of 
the valve. These two 
latter troubles can L* 
remedied by the judid 
ous use of the file. 


Fig. 7.—The McCullough valve refacer. Will 
reface hard tungsten valves and other kinds. 
Cutting surface ia carborundum cloth, glued to 
steel discs, an emery wheel ia furnished with the 
outfit, also a valve reseating tool aa shown in 
fig. 8, (write B. L. Fry Mfg. Oo., St. Louis Mo. 
for descriptive folder). 


Reaming Guide*. 

Worn valve stem guides 
allow air to be drawn 
through, which canaem 
an imperfect mixture. In 
this instance the valvn 
stem guide ought to b* 
reamed out and an over 
aise valve put into itn 
place, (see fig. 21, page* 
630 and 609.) 


Fig. ft.—McCullough valtt If- 
seating tool consist* of ■ cat 
horuudum cloth « one held ts 
the face of the valve ms shorn. 
The valve is used just the uta? 
ivb a reamer The doth tutttnf 
the sent in the cylinder exact¬ 
ly the same bevel as that *f 
the valve face. Ko n 1 a me re 
required. There is nothing I* 
replace but the carboruadi* 
cloth. Emory cloth or sand pa 
per will dn quite ms well tat 
will not East hr long. 

100 or more valves can W 
rcfaced with on* cloth disc, 

7. and 10 or 12 valves cam I* 
ref send with one cloth «ea 
MfgM by B. L. Fry Mfg. Os, 
St. Louis, Mo. 


I 
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An emergency tool for grinding Ford 
valves may bo made from an 8 in. length 
of broom handle and two nails. The two 
Mfl« are driven into the sawed off end 
of the handle, until only about one inch 
of the nail is left. The heads of the 
nails are then filed off and bent until 
thoy will lit into the drilled holes in the 
valve top.— 




A simple tool for facilitating valve 
grinding is illustrated. The body of the 
tool is made of 1% -in. flat stock, 3/16 in. 
thick and about 6 in. long. The upper 
end is forged round and fitted with bit- 
stock hand rest, the lower end carrying 
the Jaws for engaging the valve. A short 
length of round stock riveted on provides 
a convenient handle. A similar tool 
with a screwdriver point may be made 
for valves with a slotted head.— 



The cylinder head of the 1914 and 
1916 Maxwell should not be removed 
unless absolutely necessary, but - when 
removed valve grinding ia facilitated by 
bolting the head to the bench in the 
manner shown Not only are the valves 
more accessible, but the light at the 
bench is usually better than at the re¬ 
pair stand.— 




GRINDING BUICK VALVES 
A simple way of, grinding a Buick 
valve cage to a perfect seat is shown 
herewith. Through the center of the 
cage insert a round iron rod which has 
been threaded for a nut at the two places 
shown. Then tighten the nuts. With the 
rod as a handle, the cage can be ro¬ 
tated easily.— 




COLE 8-VALVE TOOL 



justment. 



Fig. 27—Another method of re¬ 
leasing spring tension to re¬ 
move pin or washer on end of 
valve with use of a flat wrench. 


VALVE LIFTER 


Valves designed to be ground by means 
of a spanner wrench may be lifted from 
their seats by means of a valve lifter 
made from a spring steel rod, A piece 
of 8/16-in. round rod, about 14 in. long. 
Is heated and bent in the form illus¬ 
trated, after which the coil is spring tem¬ 
pered. The points are flled down until 
they are a snug jit in the holes in the 
valve top. Valves may be ground and 
readily lifted out for inspection by means 
of this device.— __ 



VALVE SEAT PIN 


VALVE SPRING 

VALVE SPRING SEAT 
VALVE STEM 


Fig. 61—Method of oom- 
grossing valve spring on 

a Ford. 


VAWI lifting 


CHABT NO. 250-A—Handy Devices for Valve-Grinding. 

(Motor World.) 
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Noisy Valves—figs. 2 and 3. 

Difficulty is frequently experienced in 
locating noises in and about the engine, pro¬ 
bably Decause there are so many of them 
that it is difficult to determine where to 
begin. 

Attention to the valve-stem clearance usu¬ 
ally becomes necessary when the valve be¬ 
comes lowered as the result of repeated 
grindings. 

The best way, perhaps, is to go about it in 
a systematic manner, starting with the most 
likely sources, as in the valve lifts. 




Referring to the accompanying figure; place a thin piece of metal under a suspected valve stem, as 
shown in fig. 3, and when the noisy one is found the insertion of the tool will cause the clicking to cesse 
abruptly and will remain quiet until tool is removed. 

The repairman can generally find a tappet that is badly out of adjustment in a very short time by 
simply working the tappets of each cylinder up against the valve stems and down again, with his fingers, 
while the pistons of the respective cylinders are on their compression strokes. 

Proper adjustment of the valve tappets will help in reducing the noise which invariably occurs when 
there is any wear. 

♦The proper space between the ends of the push rods and valve stems is as explained in charts 44 and 226 
and pages 95 and 110. The smaller the space, the less noise; but sufficient space must be allowed due te 
expansion when the engine is warm and irregularities in shape of cam or roller. 

Sometimes one or two tappets may need adjustment, while others may be in good shape; in such eases 
there will be a clicking sound at regular intervals. 

9 Valve Adjusting—fig. 1. 

In the absence of a suitable gauge for regulating valve space, many repairmen use a piece of paper 
as shown at (0) fig. 1. It is folded once ana slipped between the ends of the stem and tappet, the lock 
nut N is loosened, and the stud S in screwed up or outward until it just begins to pinch the paper and 
prevents it from sliding about as readily as at first. The paper is then removed and the lock nut is tightened. 


When both the Inlet and exhaust valves have been adjusted in this 

manner, each one should be individually tested with a single thickneas 
(a thickness gauge is best—see chart 284, also see chart 228 for the adjust- 
ment or gap necessary for leading engines) to see if the valves remain tightly 
closed throughout their required period. This is best done by sliding the 
single thickness of paper back and forth as the engine is being turned slowly 
from the closing to the opening points of esch valve. The marks on the 
fly wheel may be usod to advantage in this operation if accessible, but they 
are not necessary. One can slide the paper under a stem and turn the 
engine over until the paper is seised, indicating valve opening, then a 
little farther until it is free again, which marks the closing of the valve; now, 
by turning still farther and continually sliding the paper about, if it is 
not seised before the regular time for the valve to open (according to eithor 
the position of the piston or crank handle), the adjustment is about right, 
but if the paper is prematurely seised the space is insufficient. The valve 
in each cylinder should be adjusted in the same manner.* 


Valve Guides. 

Fig. 7—Replacing valve guides: The valve 
guides of T- or L-head motors may be driven 
from the cylinder casting from above. The fit¬ 
ting of new guides must be done with more care, 
however, as a slight distortion of the guide will 
cause the valve to stick. The puller illustrated 
is ideal for this work, as it applies a steady, 
even pull to the guide in a manner that cannot 
spring it out of shape. An old cylinder cap is 
drilled and tapped to carry the threaded rod, 
which may be made on the lathe in a few 
minutes. 

Many valve guides are not bushed but are 
simply drilled passages in metal of engine, as 
per fig 7, page 94. 

In this construction, the guide is reamed larger 
and an oversise valve put in as per pages 680 and 
609. Where separate bushings are used as in the 
illustration above, the old guide is driven out 
from the top and a new bushing drawn in from 
bottom as shown. 

On older model (Dodge cars) the valve guide 
was integral with cylinder and a drill bores 
out worn guide. Then a .556" reamer is run 
through. Then a finishing cut taken with a 
reamer. Average clearance is .002 to .008. 


CHART HO. 251— Adjusting Valve Clearance. Replacing Valve Guides. Removing Valve fif 

also see pages 95 and 110; charts 228 and 284. 

♦On some engines the exhaust valve Is given slightly more clearance than the Inlet valve. For iastaasi 
the Pierce-Arrow gives .008 for inlet and .004 in. space for exhaust—also on the Dodge. 



Fig. 10. 


Fig. 9—Valve adjusters: where no provision is 
made for adjusting the valve clearance, adjusfeen 
made of steel lined with fibre (to reduce neiae) 
can be had of supply houses. 

Fig. 10—Valve caps—are placed over eaeb valve 
and are finely threaded and provided with ce ppw 
gasket (8). The threads should be coated with 
graphite when removed—else one will have difi* 
culty in removing. (1) shows a castellated type 
which sometimes is sunk into head of cylinder and 
requires a special tool to remove. 
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Adjusting Valves and Tappets. ' 


The result pf Improper valve clearance 
will cause lack of power as explained on 
pages 94 to 99. Noise will result as stated 
in chart 251. 

To find which valve Is noisy (clicking 
noise) fully explained in chart 251 and 254, 
another method is shown in fig. 2. 

To test: Let the engine run so that the 
noise is heard and then grip each valve spring 
firmly and pull it 
up with the hand 
against spring 
tension, as 
shown, so that 
the valve is not 
active. This is 
equivalent t o 
running the en¬ 
gine with seven 
valves (if a four 
cylinder engine). 
Each valve 
should be lifted 
in this way and when the- noise ceases, 
the noisy valve is the one which is being 
held, (also see chart 254). 

When adjusting valve clearance, remem¬ 
ber that if no space at all is left between 
the valve and plunger, then the valve will 
not seat properly; therefore, it is important 
to get the distance exact. 

Valve Springs. 

If the springs of the exhaust valves be¬ 
come weak from use or heat, the pistons 
will draw burnt gases into the cylinders, 
past the valves with the incoming gasoline 
charge, giving an improper mixture. The 
valve springs should be tested occasionally 
to see if they are full strength. The aver- 
are strength of a valve spring should be 
thirty pounds. At high engine speed ex¬ 
haust valves nearly always permit some 
leakage, but at high engine speed this is an 
advantage, (see page 742, fig. 2.) 



Fig 2 — Holding up valve 
with engine running. 


Valve springs that are too stiff are to be 
avoided because they may close the valves 
with so much force as to break the stems at 
the key, or the heads from the stems, and it 
is a certainty that the seats will be pounded 
out of shape, even if the valves do manage 
to stand the constant hammering action. An 
excessively stiff spring consumes power 
which might be used to a better advantage 
and there also is considerable noise. * ** 

To Increase the tension; stretch the spring 
a mere trifie by slightly opening up the 
coils with a screwdriver or by securing 
one end coil of the spring in a vise and 
tying a cord or the like onto the other end 
so as to get a grip, 
and then stretching it 
a little in the ordinary 
way. 

Another way to in¬ 
crease the tension is to 
place a couple of wash¬ 
ers under the lower end 
of the spring. 

To test for a weak exhaust spring, insert 
a screw driver between the coils, thereby 
increasing the tension. If missing stops 
then remove spring and stretch it about an 
inch or put in a new one. 

The reason of missing of explosion from 
a weak exhaust spring is, that when ' 

the throttle is closed, the piston cannot get 
much charge, and consequently it sucks the 
exhaust valve open and draws back some 
of the burned gases, which spoils the small 
charge in the cylinder, thereby causing it 
to miss fire. 

A weak inlet valve spring also makes 
itself evident by the mixture back-firing 
into the carburetor. Springs too weak to 
hold the valves on the cams will also pro¬ 
duce clattering noises owing to belated seat¬ 
ing of the valves.* 



♦♦Knocks. 


Knocks are usually caused by the follow¬ 
ing parts being loose or worn:— 

(1) Lower connecting rod bearings; 

(2) Upper connecting rod bearing or wrist 
pin; 

( 8 ) Main crank shaft bearings; 

(4) A loose piston; 

( 8 ) Timing gears; 

(0) Cam shaft; 

(T) Fly wheel; 

( 8 ) CarbuVetion not right; 

(9) Running too far advanced on the 
spark; 

(10) Worn valve stems; 

(11) Pre-ignition; 


(12) Badly worn or broken rings; 

(18) Piston striking some projecting point. 

Locating Knocks. 

Minor causes: Before making tests, first 
determine if the cause of the knock is not 
due to the minor causes, which are easy 
to locate:— 

(1) If cylinder is free from carbon and 
knock is not caused by pre-ignition 
(see pages 233 and 639). 

(2) If knock is due to running with 
spark lever too far advanced, (see 
page 68). 

(8) If carburetion is properly adjusted. 
(4) If valve clearance is correct. 


*8queaks from exhaust valve# may sometime# be stopped by dropping a small quantity of pow¬ 
dered graphite down the guides. If the valve tappets are noisy and no adjustment is provided, a 

great improvement can be effected by having steel caps with insert fitted. The smallest amount of 
clearance between the stem and tappet should be allowed. (see Ford Instruction.) 

Valve guides which are worn will often cause missing or uneven running. If worn bad they must 

be reamed out and a bushing fitted the correct size, see fig. 6, page 682. 

**See also page 790. 
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Valve adjusting: To determine 
the proper valve clearance, crank 
engine by hand, turning until valve 
tappet has reached its lowest 
position. 

The space between top of push 
rod and rocker arm should be about 
0.005 inch, or thickness of ordin¬ 
ary sheet of tissue paper. If more, 
loosen jam nut and turn push rod 
until proper clearance is had, after 
which tighten jam nut. 

The necessity of valve adjusting 
will show itself by excessive click¬ 
ing of tappets and by poor running 
of engine. 

14 shows one of the push 
rod plungers removed for inspec¬ 
tion or replacement. The pressed 
metal guide is fitted into a slot 
cut in the top of the push rod 
plunger, and can be removed and 
new rod installed if needed. 
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/ i \ i Removing cylinder 

' il \ a head rocker-arm and 

7\ )) \ X) / y shaft: Disconnect 

tfcV jf \L . ✓ upper radiator hen 

v I I connection. Remove 

- , I each of the boRa 

p<***•* — eOgoJLJ f) holding cylinder bead 

, , j to cylinder casting 

3 M and lift the head off. 

JR /A | The valves, rocker 

■JM, _ arms and bearings, 

m ^ ' being attached te 

jf V,Li ^ uead, will remain 

Jm mXmm with it. Now remove 

1/ the rocker arms and shafts as shown 

■mi in fig. 16. Before removing, benr- 

_, Ing caps should be marked with a 

\enSw ©enter punch so that they will net 

I jsao become mixed when replacing. 
L/vsuet Before replacing valves it in a 

good' plan to scrape off all car b — 
deposit from combustion chamber 
and piston. Also examine copper 
asbestos gasket before replacing 
cylinder head. If not perfect, a 
J Ja new gasket should be used. 

•ff/ When replacing cylinder bead 

*P bolts turn each one until head Just 

*] touches cyl. head—then tighten 

l each one evenly—a little at the 

time—none should be drawn tight 
until all are set tnng. (see fig. 
10, chart 259-A.) 

Removing valve: Remove the small wire 
holding the valve spring cap pin in plaoa. 
With a screw driver and your fingers prose 
down upon the valve spring cap until spring 
has been compressed enough to admit pol¬ 
ling out the pin (fig. 17). Remove each valve 
separately, using care not to mix them in any 
f way, as they must go back into the same 
valve holes. 


or inepec* s/LvS Zl WY Grinding: Secure a light coil spring and 

le pressed > T" , *k * v place it around the valve stem before ro- 

ito a slot k . plaoing it for grinding. Smear the corn- 

push rod 4 t - . pound thinly on the beveled edge of the 

ooved and , , valve head and on the seat in the cylinder 

led - i. _ . head. Place valve in the up-turned cylinder 

rtm. _ bead and grind as shown in fig. 18. 

Valve timing: After having assembled the engine, with the ex¬ 
ception of the cam shaft gear, insert the starting crank and torn 
until the piston in cylinder No. 1 is at its uppermost position. 
\e*m9m By removing the spark plug in that cylinder a screw driver or red 

3\ can be inserted (fig. 19) and the position of the piston at its farthest 

> \ upward movement can be determined. This is called the top cmrtw 

| \ position of pistons 1 and 4. 

* OamSt Rotate the cam shaft so that the push rod operating No. 1 intake 

vv. Act* valve lightly touches the rocker arm. The opposite end of the rocker 

'Jr \ arm should be against the valve stem. The cam shaft gear then caa 

\\ S | be installed and properly secured. 

.. JcJ The exhaust valve should be set up in the same way, that U, it 

i/yrJ'V/ should dose at the same time that the intake valve begins to open. 

—— As the cams ere integral the opening and closing of the valvee m 

* cylinders 2, 3 and 4 will come at the proper time, so it is only nec¬ 
essary after having secured the settings for cylinder No. 1 to adjust 
the push rods for proper clearance. 

Fig. 21—Timing gears: These are . Si4 fcffn 
housed in an oil-tight compartment at r ^ '-7 

the forward end of the engine. They - - 

are the crank shaft gear, cam shaft [LJ /> ^ 

gear and generator shaft gear. They // __^ 

are lubricated by the engine. Should *" *** r 1 ** ” 

it be necessary to remove them, care _^ i\ ** SSm 

should be exercised in replacing to \ • 

see that the marks on the rims of the | ‘ p " "***^^ 

gears match, as shown in fig. 21. Gen- jg:w 

erator gear has no marks, as it is 

immaterial where meshed. p u. 


rtm. ll-CftoAtt ratTM. 


tSgya , 


VS_o 




Valve timing in degrees; the intake The oiling system is the constant splash 
valve begins to open and the exhaust system—see page 197. Light cylinder eil 
valve is fully seated, when the piston should be used, also light cylinder oil te 
has traveled Vie inch or 16° below top lubricate the rocker arms and push red 
center. Inlet closes 52* after bottom felts. Keep felts saturated with oil. Oil 
and exhaust opens 40* before bottom, fan often. 




CHART HO. 252—Example of Valve Grinding of Overhead Valves in a Detachable Cylinder Heel 
Adjusting Push Rods. Valve Timing—(Chevrolet “490” as an example) see chart 171, 
for Timing the Ignition of Chevrolet and page 496 for Spark and Throttle control. 

Chart 258 omitted (error in numbering). 
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After determining that the above la not 
the cause, then test from the outside of the 
engine with a sounding bar, so that the loca¬ 
tion of the knock will be determined, or at 
least some where near to it. 

It is particularly important to learn at 
just what point in the engine the trouble 
exists, and what the cause is likely to be. 
With this information to start with no un¬ 
necessary parts need be removed, and much 
time will be saved. Aside from this, it is 
well known that an engine is always marred 
moVe or less by tearing down and this un¬ 
necessary expense should be avoided as much 
as possible. 

We have often seen several good auto me- 

♦Piston 

The usual cause of knocks is mentioned 
in lines previous. Another knock (which is 
caused by loose fitting pistons) is explained 
in the illustration, fig. 7, chart 254, called 
“piston slap.” 

This is a knock that is very difficult to 
locate. About the only method for locating 
it is with the sounding rod and removing 
pistons and examining them. I-t is apparent 
that this knock can occur even though the 
piston rings fit tight. 

Piston slap Is due to the piston striking 
first one side of the cylinder, then the other. 
The looser the piston is the greater the slap. 

If piston is a good fit, slap is negligible, 
which is the case in the ordinary engine. 
The slap may be due to worn cylinders or 
in the case of aluminum alloy pistons It may 
appear only when the engine Is cold, at 
which time the pistons are contracted and 
are much looser than when they are hot. 

There may be two or more distinctive 
piston slaps during the cycle. However, it 
is likely that the only one that can be 
heard is the one that occurs when the pis¬ 
ton shifts from one side of the cylinder to 
the other at upper dead center just as the 
explosion is taking place, as shown in fig. 

7, chart 254. When the piston Is on the 

Other Causes 

The troubles which are commonly the 
cause of a knock that developes on a hill and 
which is not perceptible on level ground are 
as follows: Lean mixture, magneto set too 
early, valves seat poorly, carbon in cylin¬ 
ders, poor valve adjustment, loose wristpin 
bushing, loose magneto shaft coupling and 
sticking valves. The cures for these may 
be taken up in order. They are as follows: 

Lean mixture can be cured by opening the 
needle valve slightly or by closing the air 
valve. The former is preferable as it is 
easier to make a correct fuel adjustment 
than by an exact air adjustment. This ad¬ 
justment should be made on the road. Take 
the car out on a hill and run it up in the 
condition that it is at present. Return to 
the bottom of the hill and make a change 
in the mixture by turning the fuel adjust¬ 
ment. When this is done run the car up 
the hill again and note if there is any de- 


chanics stand around a knocking engine, and 
each one name a different cause for ths 
trouble. Taking an engine apart is a costly 
piece of work and often much labor and ex¬ 
pense could be saved if the cause could be 
accurately located before the parts are dis¬ 
turbed; in fact, the knock is not always in 
the engine itself, although it may sound so, 
but may be found in some of its attachments 
or fittings, and could perhaps be easily rem¬ 
edied by the operator if he only had the 
means of locating it. Therefore the sound¬ 
ing bar plan is a good one. 

After determining about where the knock 
is located then further testing is outlined 
in chart 254. 

Slap. 

compression stroke, it is in contact with the 
right side of the cylinder. As the erankpin 
swings by dead center, the inclination of the 
connecting-rod is changed from right to left, 
thus forcing the piston to the other side. 
Under the full explosion pressure the piston 
will strike a very heavy blow when it makes 
the change. 

The piston remains in contact with this 
cylinder wall throughout the stroke, and 
when lower dead center is reached, the pres¬ 
sure on it is entirely relieved, so that it is 
quite likely that the piston is then able to 
more or less float between both walls. 

On the exhaust stroke the piston is thrown 
gently to the right side of the cylinder, due 
to the downward pressure of the inertia, as 
well as the slight exhaust pressure. It is 
very doubtful that this ever causes an audi¬ 
ble slap. 

The piston remains in contact with this 
wall throughout the suction stroke; then the 
downward pulling force of the connecting- 
rod is resisted by the suction on the piston' 
as well as the inertia. 

At very high speeds inertia may change 
some of the details of this explanation, but 
these can hardly be of interest. 

of Knocks. 

crease in the knock. If there is none or the 
change is only slight it is time to pass to 
the next cause. 

Climbing a hill with spark too far ad¬ 
vanced will always cause a knock, (see 
pages 67, 68 and 491.) 

The cylinder nuts if loose will cause a 
knock and vibration (see page 584). End 
play in the magneto or pump shaft and 
often the coupling may be loose. Lack 
of proper lubrication causes most of the 
worn-out knocks which are heard, while 
many come from natural wear. The timing 
gears, for example, run in a bath of oil and 
yet, in time, the teeth become worn and 
with the excessive backlash or play, a 
rattling and sometimes knocking is heard. 

Knocks are frequently caused by con¬ 
necting rods being slightly bent out of true 
(in fitting cylinders down over the pistons) 
—this wUl also cause a “piston slap. 1 ' 


See also page 686. 
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PLACE FINGe« ON PuACt THUMB OVEP 
CONNECTING *00 CNO Of ROD AN 0 
fND AND WHIM PIN PtACt TO CAR 
BEARING. 

Fig. 1—To test for a knock; place 
Anger on edge of bearing and connect¬ 
ing rod—have some one slightly rock 
engine, with switch off—the looseness, if 
any, will be felt. This plan can be used 
on Ford main bearings, but not on upper 
end of connecting rod, as it cannot be 
reached, but on some of the other engines 
it can. 

Fig. 2.—A sounding rod (rod of iron or 
steel) is useful to locate source of knocks. 



Detecting noise of engine 
by sound, with a Sonoscope. 
Same principle as sounding 
rod above. Made by Ameri¬ 
can Elect. Co., Chicago. 
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Places to Look for Knock. 

Although not all are shown, 
above, most of the common engine 
noises and knocks are caused by 
either poor tappet adjustment, a 
worn valve stem guide, play in 
push rod guide, a loose piston or 
worn cylinder or loose cylinder 
nuts. Any of these will cause the 
engine to knock and they should 
be remedied immediately to pre¬ 
vent further complications. 


Testing For Knocks. 

First examine the valves: Noises from worn valve stems, pash 
rods or guides, are usually caused by too much apace between 
the end of the valves and push rods, and is usually the causs af 
most clicking noises. They can easily be detected by “testing 
for noisy valves* ’ as explained on page 684. 

Wrist pin knocks can be tested as follows: On some engines 
it is possible to reach the piston or wrist pin and place year 
Anger on it and bushing bearings and have some one rock engine 
slowly with the crank; then “feel” for the looseness—if wrist j 
pin cannot be reached, here is another plan; while engine if 
running, short circuit spark plugs, one cylinder at the time, to 
cause it to miss, while engine is running slow or idle. When 
doing this, if piston pin is loose there will be a noticeable knock. , 
The surest method is to remove the piston and connecting rod. sad j 
test on the bench. 

To test for loose pistons; remove spark plugs and put \k 
pint of heavy oil in each cylinder, crank by hand slowly until 
oil works to the piston rings—replace spark plugs and start engine 
—see if the same noise occurs—if not, the heavy oil has cushioned 
the piston from cylinder and stopped the knock temporarily. Oil 
will soon get hot and run from the rings and piston and knock 
will occur again. 

The piston, if loose, has a tendency to strike the* cylinder 
wall, as shown in Ag. 7 and explained on page 637. The rings 
may be tight, yet if piston is loose, this knock will likely occur. 

The cam shaft and timing gears can easily be detected with 
the sounding rod. The timing gears will have a sound or growl 
that is entirely different from a knock. 

When testing with, the sounding bar, place thumb over end 
of bar and then place ear close to thumb. The closer you get to 
the noise the louder it will be. 

To test for loose fly wheel; allow engine to run idle about 
500 r. p. m., then throw off the switch and wait till it alowa 
down to about 75 or 100 r. p. m., after which throw the switch 
on with spark slightly advanced. Repeat this a few times. and 
if fly wheel is loose there will be one distinct knock each 
time the switch is thrown on. Another method in tooting 
for a fly wheel knock is by rocking it, (remember the fly 
wheel may be o. k., but some other part attached to it. 
such as the transmission or the clutch collar, may be loooe). 

IlPc ' A connecting rod lower bearing knock can be definitely 
Ir determined by removing the hand plate at bottom of crank 
case, place your finger on one edge of the bearing and crank 
[J shaft. Have some one rock the Ay wheel or starting crank 
gradually one way and the other (switch off). If loooe 
you will feel it. 

Main bearings can be tested in the same manner. A 
main bearing knock can also be determined when running 
car, by suddenly throwing into high speed or when pulling 
a stiff grade. If main bearings are loose, a distinct knock 
can be heard. 



Fig. 7—Piston slap—see text page 637. 

A very common trouble with aluminum pistons, which 
when cold contract and leave space between cylinder wall 
and piston. After engine is warmed up the pistons ex- j 
pand and noise ceases. Aluminum expands twice at mu ch 
as cast iron. The Franklin car overcomes this by cutting | 
three slots In skirt of piston with s spring ring placed ta 
bottom which holds the lower part of piston to walla—as 
the expansion increases the ring tension gives accordingly. 


CHABT NO. 254—Locating and Testing for Knocks. Using a Sonoscope. Piston Slap. 

A spark knock is due to advancing spark lever too far, causing combustion to take place before piston reaches tey. 
A gas knock is due to excess of gas. as suddenly opening throttle wide open. This knock also results from too 
rapid combustion, but the gasoline we have today does not burn so rapidly as to cause a knock—see page 1C1. 
A compression knock, due to any cause which decreases the space between head of piston and combustion ckam- 
—*°e page 640. 
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Pre-Ignition; Cause of Knocks. 


It often happens that the mixture is ig¬ 
nited before the spark, passes. This is 
termed 4 4 pre-ignition. ’ 9 

A rich mixture, or the burning of the 
lubricating oil, will leave a deposit of car¬ 
bon on the piston head and combustion 
chamber. The intense heat of the explo¬ 
sions will heat this, and often it will remain 
glowing until the suction and compression 
strokes, exploding the mixture before the 
proper time—this causes a knock. 

If the points of the spark plug are too 
thin and fine, they will get hot enough to 


glow in the same manner, and in such a case 
spark plugs with heavier points should be 
used. 

Small points of metal, due to rough cast¬ 
ings or other causes, should be filed down, 
using a fine file. 

If the water circulation stops, or if the 
air cooling is not effective, the cylinder 
walls will get hot enough to ignite the 
charge, in which case the engine will con¬ 
tinue to run after the ignition has been cut 
off. The remedy for this, of course, is to 
make sure that the engine is properly cooled. 


Additional Tests for Knocks. 


To locate the cause, first drive the car 
until the engine becomes warm or reaches 
its average temperature; second, select a 
run of about one-half mile, running into a 
grade of about 8 to 12 per cent, of what¬ 
ever length may be had. 

Drive the car from 10 to 15 miles per 
hour on the level road and maintain this 
speed up the grade, if possible. At this 
SDeed the engine should run quietly. 

But, if, on the other hand, a slight but 
distinct metallic rap is heard, whether it be 
one, two, three, or four times to a revolu¬ 
tion of the crank, push rod or rods will be 
found to have too much play. 

Should it be a slight knock, which slightly 
increases as the car mounts the hill, mark 
this first; worn piston rings, which mo¬ 
mently stand still in the cylinders 
while the piston travels its first 1-64 of an 
inch, or whatever the wear may permit, at 
the beginning of the power stroke. Second, 
it may be worn pistons which are being 
driven against the cylinder walls at the 
beginning of the power stroke. 

This knock may instead have a distinct 
metallic sound which occurs once to every 
explosion and greatly increases as the throt¬ 
tle is opened or more gas is admitted into the 
cylinders. If this be the case mark it car¬ 
bon deposit in the combustion chambers and 
on the piston heads, which becomes very 
hot and ignites the gas, causing pre-ignition. 


Should the knock be either heavy or light 
but of a muffled sound, occurring either 1, 2, 
3 or 4 times to two revolutions; this can be 
marked connecting rod or rods; which may 
be loose on the crank shaft, or the piston 
pins, or bushings may be worn. The one 
or more causing the knock may be located 
by holding down on the coil vibra¬ 
tor, or in any other manner that will dis¬ 
continue the spark at the plugs separately. 
For example, if by preventing cylinder No. 
1 from firing the knock ceases or is one less 
in two revolutions, then the trouble lies in 
connecting rod No. 1. 

Should the engine pound, having the sound 
of a block of wood striking the ground, 
which will occur once to every explosion, 
but may be heavier at the explosion of any 
one cylinder, mark this crank shaft main 
bearing. In very bad cases this pound can 
be felt by the driver. 

Again a flywheel that is loose on the 
shaft will cause the same kind of a pound 
(this, however, is very seldom). But if the 
driver will listen very closely he will dis¬ 
cover that a crank shaft bearing has a 
double pound which occurs very close to¬ 
gether, so close that when first heard it 
will sound like one pound. 

A spark knock can be more readily felt 
than heard, because the power of the engine 
is being held back by its own ignition. 


*A Seised Piston. 


Occasionally the repairman receives a call to 
start an engine that has the symptoms of a 
seised piston, and has resisted the best efforts of 
owner of the car to start It. At such times the 
repairman must exercise the utmost ingenuity, for 
the owner has generally tried all the easy methods 
before he arrived. 

In such cases, the first thing to do Is to make 
sure that it is the engine and not some other part 
of the transmission or the rear axle that is at 
fault. The rear wheels should be jacked up, the 
emergency brake released and the gear shift lever 
placed in neutral. The wheels should turn freely 
and there should be no binding in the rear axle 
system. 

The spark plugs should be removed, or the com¬ 
pression cocks opened, to relieve the compression. 
Then if the crank cannot be turned over by hand 
or by means of the starter, or by the two working 
together, the car may be towed with the gears in 
high and the clutch disengaged. As soon as the 
car has attained some momentum, the clutch may 


be allowed to engage* gently, care to be taken not 
to allow a and den motion which might strip tbs 
gears in the rear axle or even break a shaft. 

If this does not free the engine, kerosene can be 

poured into the cylinders and allowed to remain 
for a conple of hours. This will have a tendency 
to dissolve any old oil which may have gummed the 
pistons to the cylinder walls. Then the car may be 
towed again and an attempt made to turn over the 
engine by engaging high gear. The engine can be 
turned ovn more easily in high than m low gear 
because it does not have to revolve so rapidly. 

After one has succeeded In turning over the en¬ 
gine, one should open the drain cock in the bottom 
of the crankcase and drain out the mixture of 
kerosene and old oil. Then the new oil should 
be added, the radiator should be filled with hot 
water in order to expand the cylinders, and the 
spark plugs replaced. After starting, the engine 
should be run slowly under its own power for some 
little time, in order that the new oil may work to 
all parts. 


^Moaning that piston Is stuck to cylinder wall—caused by excessive heat which can be dne to: 
lack ef water or lubricating oil or running a new engine at too high a speed—see pages 208, 189 
and 489. 
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’Eliminating Compression Knock by Adding a Thick Oaakat. 


A knock caused by too high compression sounds 
like a carbon or advanced spark knock. The com¬ 
pression may be reduced by placing a thick gas¬ 
ket between cylinders and crank case. 

With some makes of engines this repair is a 
common one, particularly when the car is equipped 

D with a heavy closed 
body.t In such cases a 
better job may be done by 
making the thick gasket 
of cast iron. It is made 
in a similar manner, but 
must be planed or mill¬ 
ed to a uniform thick¬ 
ness and smooth finish. 
Otherwise the cylinders 
will be thrown out of 
alignment or the joints 
will not be tight. 

(1)—Remove the cyl¬ 
inders. (2)—Place the 

cylinders on a bench, 
and clean both the cyl¬ 
inder flange and engine 
base thoroughly. (3) — 
From a sheet of tin, make a template, fig. 2, 
which is an exact reproduction of the base of the 
cylinders, except that all the openings, such as 
piston and bolt holes are about % in. larger than 
those in the cylinders. The template is used as a 
pattern for marking out and forming the cylinder 
raising gasket, and permits the gasket to be made 
without going to the cylinder each time to see if 
It is being done right. A copper asbestos gasket 
does not have sufficient clearance to be used as 
a pattern. (4)—Procure a sheet of red composi¬ 
tion board thick. 



Fig. 8—Gasket cutting 
tooL 



Pig. 2 — Tin template, 
and finished gasket. 
Lower cut shows gas¬ 
ket in position. 


(5)—Using the tem¬ 
plate as a pattern, a cribe 
out the cylinder and bolt 
holes, and the outside 
form onto the red com¬ 
position board. <6>— 
Using a gasket cutting 
tool, as shown in fig. 8. 
and a drill press, care¬ 
fully cut out the piston 
holes. Make these % 
in. larger than the cyl¬ 
inder bore. 

(7)—Drill the bolt 
holes slightly larger 
than the diameter of 
the bolts. (8)—With a 
band saw, or key hole 
saw, cut the composi¬ 
tion board to the out¬ 
side shape of the pat¬ 
tern. (9)—Remove all 
burred edges with a file. 
(10)—Place the com¬ 
position board onto the 
engine baBe, and bolt 


the cylinders in place, as shown in fig. 2. Shellac 
should be used sparingly to prevent leaks. 

By doing this the cylinders have been raised, 
giving a larger compression space and less com¬ 
pression. The result is that the compression 
knock disappears and the engine will pull much 
better. 

Note—It will be necessary to readjust valve 
rods after cylinders have been bolted down * 
securely. (Motor World.) 


Engine Bearings. 


With the exception of lubrication, the 
most important factor in the operation of an 
automobile is the condition of the bearings. 

The three principal kinds of automobile 
bearings are: Plain bearings, ball bearings 
and roller bearings. The most important 
and those requiring the particular attention 
of the motorist, are the engine’s three or five 
main bearings; the four or more connecting 
rod bearings; and the wrist pin bearings— 
all of which are usually plain bearings, lined 
with "either bronze or babbitt metal bush¬ 
ings. 

The plain bearing: Formerly, hard steel 
and phosphor-bronze bushings were regard¬ 
ed as the best combination, but in modern 
practice where large bearing surfaces can 
be used, white metal or babbitt is usually 
employed in preference. 

In the case of small bearings which must 
sustain a heavy shock—such as, for exam¬ 
ple, the big ends of the connecting rods— 
white metal is scarcely hard enough to re¬ 
sist the spreading action of the impact. 
Phosphor-bronze or a composition metal, is 
therefore necessary here, but where sufficient 
surface can be obtained to ensure against 
this tendency, white metal—owing to its 
anti-frictional properties—is generally con¬ 
sidered preferable. Being composed largely 
of lead the result of a failure in lubrication 
from any cause is merely to melt it out 
without harming the shaft, which would 
probably occur if a tough metal like phos¬ 
phor-bronze were used. 

The secret, therefore, of a successful white 



metal bearing, or indeed 


The Ryerson rein¬ 
forced bearing consist¬ 
ing of a bronze skele¬ 
ton used in combination 
with babbitt or other 
bearing metals. A new 
type of bearing bushing. 

plained on pages 


a bearing of any 
kind, is a true and 
highly-polished sur¬ 
face on the journ&L 
The white metal 
bearing can then be 
fitted comparatively 
tight, and will rap¬ 
idly accommodate 
its surface to that 
of the steel, and 
long life will be en¬ 
sured if the lubri¬ 
cation is correct. 

Grooving plain 
bearing bushings to 
allow for free circu¬ 
lation of oil is ex- 


203 and 644. 


Ball bearings: These are very good on the 
main shaft, but to ensure success they should be 
large, (see page 109, note 1 ” balls used on Stuts 
engine), for it must be remembered that the 
surface contact of a ball with its race ia practi¬ 
cally a mathematical point. For this reason they 
are not found to be successful as big-end bear¬ 
ings, for the impact is too great for such a small 
surface. 


Roller bearings: These have, of course, a very 
much greater contact area than ball bearings (see 
pape 36), and have, therefore, been found to be 
quite successful in big-ends, but they must be very 
carefully fitted, so that perfect alignment is as¬ 
sured. They will under these conditions stand up 
for an incredible time. 


It might be profitable to observe here that where 
there is a whip, even of small degree, ordinary 
ball-bearings should never be need unless they are 
of very great size. In a short, stiff shaft with a 
center bearing, ordinary sizes and types are sat¬ 
isfactory, but otherwise double row bearings of 
the self aligning order should be choeen, and 
there are at least two reputable makers who 
stock this variety. 


’See also page 027. 

tTo keep engine from pounding, at low speeds with open throttle. 
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fAdjustment 

The bearings which are most dealt with 
on an engine are the crankshaft main bear¬ 
ings, and the upper and 
lower, connecting rod 
bearings. 

The main bearings on 
a crank-shaft are pro¬ 
vided with bushings, 
upper and lower, which 
are made of white metal 
or composition alloy 
and are split as shown in 
lower illustration. 




The bashings (B & B 1, fig. 13) are placed 
in the bearings which have between them 

thin metal 
shims, (two 
types of which 
are shown in 
figs. 14 and 
15.) When 
Worn, a shim 
is removed (one 
from each side) which allows the two bush- 


of Bearings. 

ings to be drawn closer together over the 
shaft. 

The same principle applies to the lower 
connecting rod bearings, but on the upper 

connecting rod 
bearing, the 
bushing is in 
one piece, ana 
not split (as 
will be noted 
in figure 10, 
page 645.) The 
khi 14 subject of bush¬ 
ings will be treated mere in detail further on. 

Worn Bearings. 

Whenever a bushing has become wor l 
until the inner surface is no longer absi- 
lutely round, it makes itself known by a 
peculiar knock. On examination it will be 
found that the fit is loose and that the 
shaft has an excessive amount of * * play” 
or lost motion and in the case of a main 
bearing, the shaft is out of alignment—see 
page 643 for crank shaft alignment. 



fAdjustment of Main Bearings. 


Ordinarily the main bearing on crank 
■halt, if slightly loose, only requires to be 
taken up as most bearings are fitted with 

shims. 

Taking up main bearings: first, take down 
the oil pan. To do this remove all the bolts 
underneath and all bolts at each end of 
pan. Then remove lower oil pan. The 
bearings on most engines are fitted with 
bran or other forms of separators of a 
standard thickness made up of thin shims 
in various gauges, .001 in. to .005 in. thick. 

Shims: On modern bearings there are 
usually three shims of different thickness, 
under each side of the bearing cap. The 
thinnest shim being at the bottom. 



Fig. 16. The lamlnnm shim.—note 
the laminated layers. In the illus¬ 
tration, the top layer is being started 
with a knife blade, enough to get a 
hold, then it can be peeled off. 

The latest type of shim is the laminated 
shim shown in fig. 15. It is made of thin 
layers (.001 inch to .005 inch in thickness) 
of laminum which can be peeled off as de¬ 
sired. This type of shim can be used in the 
crank shaft main bearings and also in the 
connecting rod lower bearings, per page 837. 

*To make proper adjustment simply re¬ 
move one or more thin shims from each side 
of the bearings. Be careful not to make the 
bearings too tight, see page 838. 

The bearing cap, usually referred to as 
the lower bearing, must be drawn up tight. 
Not against the shaft but against the shim 
or spacing sleeve as shown at (A) fig. 3 page 
643. If drawn tight against the shaft, it 


will burn out, and if left loose it will pound 
and perhaps strip nuts off the cap screws. 
A really mechanical job cannot be made 
without shims or their equivalent. 

The rear main bearing is the bearing 
which usually requires attention first on ac¬ 
count of weight of fly wheel and torque. 

To test after taking up; turn the start¬ 
ing crank with pet cocks open. If you 
can spin the crank shaft it is not quite tight 
enough. It should be adjusted so moderate 
pressure on crank will allow shaft to turn. 

Many mechanics, when taking np bearing! teat 
by getting bearings just tight enough so fly wheel 
can be moved. In other words after a little prac¬ 
tice they can tell just how tight bearing ought to 
be by being able to barely turn crank shaft by 
hand, by means of the fly wheel. 

To test after 
scraping a bear¬ 
ing; the crank 
should turn by 
hand but with 
slight resist¬ 
ance. See also 
pages 837 and 
838. 

Remember there is a possibility of getting 
the bearings too tight, and under such con¬ 
ditions the babbitt is apt to cut out quickly 
unless precaution is taken to run the engine 
slowly-at the start. 

When bearings have been taken up don’t 
forget to see that all nuts are securely tight 
and the cotter pins inserted. 

If the bearing is not fitted with shims, 
which is unusual, then it will be necessary 
to dress the sides of the bearing so it will 
make a closer fit. . 

All of the weight and most of the wear is on 
the lower part of the bearing called the lower 
bearing cap. For this reason there is not much 
wear on the top. The 1910 Ford engine did not 
have a hushing in top of the crank-shaft bear¬ 
ing at all. 



•The bearing bnsbing is never scraped or removed, unless it is burnt or damaged. **See pages 203 and 
644. showing oil grooves in these bearings. tSee also pages 837 and 838. 
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A Scored Crank 
Shaft. 



Fig. 1.—Gleaning up roughened sur¬ 
faces of crank shaft with very fine 
emery doth. 


jr 1 When fitting betr- 

n n hM I tags the craak-akaft 

4 1_I p 1 should first be aatajn- 

xT ? LHJ m taed by seeing or feelr 

Ing if there are ridges 
■ f TL or uneven surfaces on 

R \ /V it. If so, it will cut 

*u F1 «‘^ 6 ~" Sc0 rSJ? °f 1Bk f hAft * Note “ '49 the bearing and cause 

the ridges. This is only a slight . _ fl4>4 

•core. This can be polished off by Fig. 1.—Gleaning up roughened sur- trouble, ana ntting OX 
encircling the shaft with fine emery faces of crank shaft with very fine bearings will be a 

cloth saturated in oil and making emery doth. waste of time, 

a steady, even motion up and down. _ „ . 

The crank must be thoroughly washed If crank-shaft is scored, by ridges or rings being 

afterwards to remove emery dust. on it, then place it between grooved wood blocks 

and carefully emery it down (fig. 1). Pine emery 

<— i -w ■ - sa - * =r=r ~"~» cloth in strips 1% inches wide and well oiled should 

' v —' * 3 be used as shown. Emery tape is better if obtain- 

Flg. 2. — A grinding tool or “lap” for able. Note the emery strip encircles the shaft, and 

tracing up a worn shaft when proper a long steady movement is imparted to it in order 

grinding machine is not available. that there is no tendency to make it oval. 

If crank-pin Is found out of true, by tasting with calipers, that is not circular, then the beat plan la 
to have abaft ground true on a special grinding lathe. If this is not possible, then file up the untrue part 
with a very smooth file as accurate a circular Shape as possible, testing frequently with the calipers. A 
lead “lap” is then made in clamps (fig. 2). This is bored out to a sise, and paper or card shims inserted 
between the two halves so that the two halves can be gradually closed down by the bolts onto the crank- 
pin. This lap is dressed with fine emery and oil and worked around the crank-pin by hand till a good 
surface is obtained. 

♦Scraping and ‘ 4 Spotting In” Bearings. 


Fig. 2.—A grinding tool or ”lap” for 
tracing np a worn shaft when proper 
grinding machine is not available. 


The bearings on a crank-shaft are the lower 
connecting-rod bearings and the bearlngB 
which carry the crank-shaft, called the main 
bearings. In modern engines these are usu¬ 
ally babbitt or white brass or some similar 

metal which is 
soft, easily cub 
and tough. To 
scrape in a set 
o-\ bearings usu- 
' ally requires 12 

Fig. 4.—Using a scraping tool t o 20 hours, 
on . bearing anrf.ee. depending upon 

— " i bearings not 

* CCAPt °" - being out of 

bccAivy v ^ line. 




f&fiFT— g Connect i n g- 

rod bearings: 

Fig. 3. —Bearing scraping tools After sufficient 
which can be secured at any Arter sufficient 
supply bouse or made of old shims have been 
files. removed from 

between cap and rod so that bearing fits tight 
on shaft, the rod nuts are taken off and the 
■haft bearing surface given a very light coat¬ 
ing of 1 ‘marking” compound. 

The marking compound is Prussian blue which 
can be secured at any supply house and comes 
ready mixed. A little dab on the fingers is 
sufficient to wipe on the shaft as a very light 
eoat is required. If too much is given it will 
run all over the bearing and spots will show 
which should not be scraped. 

Making or “spottlng-in” bearing: Put 
connecting rod in place, put on cap and draw 
up tight. Be sure caps are fitted on according 
to the punch marks on cap, and rod is on 
right side forward. Then rock back and 
forth and swing it around shaft twice. 

Next remove nuts and bearing. The ‘ ‘high 
spots 11 inside of bearing will be found marked 
in blue, showing that at these points the 
erank touched, but the part which is white, 
the crank did not touch. Therefore, the 
problem is to get the high spots down until 


the bearing will mark all over, by scraping, 
which iB a slow, tedious job, for if too much 
metal is removed it cannot be replaced. 

This marking or ‘‘spotting In’* process Is 
repeated from time to time till the whole sur¬ 
face Is marked as shown in D, fig. 8. In 
practice it is not possible to get every white 
mark off the bearing, and if say, not over 
one-tenth of the total surface, let it go, it 
will wear in. 

Adjustment: When scraping is completed 
and all nuts down, the rod should be just 
stiff enough to turn by hand and if placed 
in a horizontal position it should not fall by 
its own weight, but should move when pushed 
by hand. If fitted too tight seizure will 
result. 

After the scraping Is done the burnisher 
shown In fig. 3 may be run over the e ntir e 
surface of the bearing to shine it up mad 
smooth the surface. 

The scraping bools can be made of half 
round files as the quality of steel and temper 
is just right—or purchase at a supply house. 

The rod bearings should now he tested for 
parallelism (see pages 659, 646, 649). The' 
piston pin and the crank-throw must be 
parallel, and the bearings that they move in 
must also be parallel, or binding and rapid 
wear will take place. 

If the small end bearing of the connecting 
rod is worn it will be necessary to make a 
new bush and ream it out to a true fit on the 
piston pin to about .002 inch clearance (see 
foot note, page 645). 

Scraping main bearings, see page 643. 




Fig. 8.—Showing appearance of markings as ike 
scraping proceeds. See page 644 showing oil grooves. 



DHABI NO. 255— Scored Crank Shaft. Scraping Bearings. *Seo pages 837, 838; fitting bearings. 
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REPAIRING AND ADJUSTING. 


—continued from page 641. 


Adjustable Bearings. 


If bushing is cut or bunt, then it can be 
scraped and replaced as explained below, 
or a new metal bushing, with shims can be 
fitted, drawn up and run until worn in— 
using plenty of oil. 


•♦Draw filing: The two bearing halves 
i Also be brought closer together, by draw 
filing (fig. 8), 
the lower part 
of main bear¬ 
ing cap. It is 
clear, however, 
^ \ \ that this does 

Fi*. S—In filing down the boar- BOt make the 
ing face, hold the file In this bearings exact- 
position, and draw it across the i v rolin d so 

?»<•« with the left hand. Do not X . rot !“ <1 ’ ?° 

attempt to file on the return that It Will 

have to be 

**fitted.” This is done by scraping. . 



Unlike most engines, the Boo main bearings are 
adjustable from 
the outside, and 

it is only neces¬ 
sary. to remove 
mu-d pan to reach 
them. A. are 
spacing sleeves 
and B, are lock¬ 
ing studs. Take 
up bearings with 
socket wrench 
(SW) until shaft 
turns a little bit 
hard. 

Connecting rod 
bearings are ad¬ 
justed through 
the handholes in 
the side of the 
crankcase. Con¬ 
necting rod lower 
ends are “hing¬ 
ed” on the Reo. 



tScraping Bearings and Crankshaft Alignment. 


Scraping the connecting-rod bearings and 
how to test by “spotting-in * 9 the bearing is 
explained on page 642. Scraping is re¬ 
sorted to when a bushing is burnt or dam¬ 
aged. t 

The adjustment and fitting of main bear¬ 
ings is also explained on pages 837 and 838. 

Before marking or scraping the main 
bearings, each bearing cap is to be set down 
tight with the nuts and tried for tightness, 
the other bearings being loose at the time. 

To scrape the main bearings: The upper 
bearings are finished first, therefore crank 
case is laid up-side down, per fig. 2, page 646. 

All the upper main bearings are worked 
at one time, so that the shaft will align. 

♦Orank shaft alignment: Very likely the 
center bearing will be high and the shaft 
will rock on it. If so, it will have to be 
scraped down till there is no rocking and 
until all the bearings mark all over. Great 
vibration as well as wear, can be caused by 
neglecting this. If center bearing is too 
low, which would be shown by no marking 
at all, then the end bearing will have to be 
scraped out till the center bearing marks 
all over. 

In marking or * ( spotting-in 9 9 these bear¬ 
ings the weight of crank shaft is sufficient. 
Do not put on the caps at all as they would 
force or spring the shaft down and mark the 
low part of bearings. 

The cap or lower main bearings (after up¬ 
per bearings are completed) are treated in a 
similar manner as the connecting rod caps, 
page 642. They are scraped down to a per¬ 


fect marking. A very Important point Is 
to “spot-in” and fit the rear cap first and 
test it for Btiffness then loosen it, then 
“spot-in” and test the next and loosen it 
and the other the same. After doing this 
then tighten down on all. Otherwise, if 
each bearing is tightened as you proceed, 
the bearing being fitted could not be prop¬ 
erly tested for clearance. 

After “spotting-in’ ’ main bearings, caps 
are tightened down and “run-in” by belt 
power, using plenty of oil. Caps are then 
removed, bearing surface examined, then 
replaced and proper clearance given by re¬ 
moving a shim, if necessary. 

Adjustment; when lowei caps are fitted 
and nuts drawn up tight, the shaft should 
turn with some resistance. Some repair¬ 
men judge the amount of resistance by be¬ 
ing able to move the crank shaft with one 
hand (per page 641), or if bearings are be¬ 
ing taken up under engine, by just being 
able to move or turn fly wheel. The bear¬ 
ings must not be so tight they will overheat 
and seize. 

If the shaft turns too hard, do not think that 
loosening up the nuts is the remedy. In such a 
case an extra thickness of shim brass will have 
to be put in so that nut can set down tight and 
still allow shaft to turn. 

Connecting rod lower bearing is often “burned- 

in,” by fitting new bearing caps and then run on 
power for a few minutes, then cop is removed, sur¬ 
face examined to see if cut, if so it is scraped, 
then correct clearance given with shims (.003 to 
.004"). 

Connecting rod upper bushing is usually refitted 
with new bushings and reamed to .002 to .003" 
clearance. 


Bearing Pointers. 


After fitting bearings, run engine at moderate 
speed for first 500 miles, using plenty of good oil 
to work bearings in. See also page 793. 

Before marking and after scraping, dust metal 
chips out with a small paint brush. 

See that oil grooves are not clogged and are 
deep enough (see psge 644). 

Wash aU parts off with gasoline or kerosene. 


Have the scrapers sharp and never try to scrape 
with nicked scrapers. 

In renewing bearing bushings, care must be 
taken that they are or about the same thickness 
(ft metal, as the original ones. If too thick the 
pistons will be pushed higher into cylinder and 
alter the compression and cause vibration. On 
two-cycle engines it would change the port timing. 


•A Beamer, per page 792, fig. 66 is used extensively for aligning crankshaft. **See also page 708, for 
draw filing. 

tBsarings are also sometimes (“burned-in’’ or “run-in“), where a quick job is desired, by fitting 
new bushings, one at the time, then bearing caps are drawn tight, then belt power applied until 
worked in. The caps are removed, beafrings inspected and high spots scraped down, proper clear¬ 
ance given by removing shims, if necessary and caps then fitted. It is always best to scrape a 
bearing and spot it up first, however. 
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Bearings. 

Strictly speaking, the bearings of a ahaft are. composed of two different metals. The real bear¬ 
ing is cast integral with the engine or machine of which it forms a part, and the other part (on which 
the shaft really bears) is known by various names, such as linings, bushings, brasses etc. They are w a d s 
Of Tarions metal, such as babbitt, phosphor-bronse, white metal alloy etc. 

The adjustment and replacement of bearings In an engine, or some part of the transmission, such aa 
a gearbox, is a matter requiring a good deal of skill and experience to effect. 

With the exception of the small end of the connecting rod (figs. 1, 2, 3) all bushings are split length¬ 
wise (fig. 7). The small end of the connecting rod has a plain phosphor bronse bush (fig. 6) forced in 
fairly tight. When worn, a new bush is fitted which is turned and bored to a free fit without any trace of 
rocking or end movement. 

The split bushings (fig. 7) in time wear oval, mainly on the lower half. In most cases a slip of 
metal called a “shim or liner" is inserted between the upper and lower halves of the hearing, which 
pieces can be filed down or one or more layers peeled off, (if laminated shims are used) for adjustment. 

Many bearing^ are “lined" or bushed with “babbitt-metal," bronse or anti-friction alloy. When 
worn, the bearing halves are relined and bored out true. The surface is tinned and the molten metal 
run in either solid to fill np the bore completely or around a mandril smaller than the shaft. A true 
bore to fit the shaft is then made in the lathe and the bearing cut through, after which the nec¬ 
essary oil channels are cut in the surfaces, (see figs. A and B below.) 



Piston or Wrist Pin Bearings. 

Fig. 1—One common way to remove a 
bushing. Jaws J of vise are opened far 
enough so end of rod R rests upon them and 
at the same time give sufficient clearance 
for bushing to pass between as it is driven 
out. To drive out bushing B, a drift D 
(usually bar of steel) and a hammer are re¬ 
quired. 

Fig. 2—A hotter way; jaws J of tho vise 
are opened wide, a piece of pipe P, large 
enough to clear the bushing, is placed against 
tho inner surface of one jaw, the rod is care¬ 
fully adjusted and pressed against it to 
hold it in place until the drift or solid pin 
N is adjusted into place, then draw vise to¬ 
gether to squeexe the bushing out of the 
rod R into the pipe P. If no vise is at 
hand with a large enough opening, recourse 
can be had to method shown in fig. 3. 

Fig. 9—Another plan; a bolt B, some 
washers W, a piece of. pipe P. a nut N, and a 
wrench H may be employed as shown. By 
this method, a bushing may be removed 
without danger of springing or burring np 
connecting rod end. 

To remove a tight piston pin, first extract 
tho locking rings, then plunge the piston in 
boiling water. This will release the grip of 
the piston on the pin and permit it to slide 
oat. 


When a bearing is adjusted, it must also occupy tbr 
same relative position as before in its bed, and to effect 
this, packing the lower half with very thin sheet phos¬ 
phor bronse or foil may be necessary. Various thick¬ 
nesses from 1-1000 inch up can be obtained for this pur- 

S ose. A good practice is to slightly "ease off" tho bear- 
lg at the dividing line, to avoid any risk of binding. 

It is of great Importance to tho running of a bearin g 
that the shaft be dead true and cylindrical and the sur¬ 
face quite smooth. 

When fitting a plain bush (fig. fi) very moderate pres¬ 
sure should suffice to drive it in place. A tight fit may 
cause the bush to bulge, necessitating reaming out to 
make it fit. 

A bush that Is an easy fit requires dowel pinning ta 

prevent it turning round. Particular care should bo given 
to cutting oil channels, and to note, in the ease of plain 
bushes, that the oil holes are drilled all the way through. 

Hardened steel bushes can be used, providing the shaft Is 
case-hardened to resist wear. 

This type of bushing requires grinding after hardening, 
and the running clearance should be a shade more than 
for phosphor-bronse, Ample oilways should be cut In the 
surface as per B, below, (see also page 208). 

Oil Grooves in Bearing Bushing. 

Another important feature is the shape of tho oil groove s 
themselves. The usual practice is to make the grooves as 
shown in the figure at A, like a letter X. The result 
of using this style of groove is that the areas of tho bear¬ 
ing *t p.p, run dry. A careful series of tests has shown 
that the type of oil-groove shown at B and aada in tha 
form of the letter H, gives results far superior to tho 
other. Some very bad cases of poor lubrieation and 
heating bearings have been cured entirely by tho simple 
expedient of changing the type of oil groove from that 
shown at A to that 
shown at B. (E. W. 

Roberts in ' 'The Gas 
Engine.") 

Keep ollgrooves out of 
the pressure side of your 
bearing, whenever the 
pressure is one sided, as 
in the crank-pin bearing. 

—see also page 203. 



3HABT NO. 256—Bearing Bushings. Wrist or Piston Pin Bashing Removal, oil Channels. 
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♦Piston or Wrist Pins. 


The piston or wrist pin Is the pin on which 
the upper part of the connecting rod swings. 

It is sometimes made of solid steel but usu¬ 
ally of hollow case hardened steel tubing. 
It is also called “gudgeon” pin. It is non- 
adjustable, therefore when worn the pin or 
bushings must be renewed. 



Pig. 10—Piston pin 
is stationary — note 
the bushing is in 
upper end of con¬ 
necting rod. 


The stationary piston-pin, fig. 10, has a 
bronze bushing in the end of connecting rod 
which oscillates on the piston pin. The pin 
is held tight by a set screw. 

Oscillating piston-pin is where pin is 
clamped to upper end of connecting rod, as 



C, fig. 11. The bronze bushing in this in¬ 
stance is pressed into bosses In piston and 

piston pin oscillates in the bronze bushings. 



Fig. 11—Piston pin oscillates in bushings in piston 
bosses. Note connecting rod is clamped to pin at 0. 


To remove piston pin when stationary, see page 
650, fig. 22. Another method for holding the 
pin in place is by means of a spring pressed 
plunger which is in the inside of the boss in¬ 
side of piston. To remove pin in this instance 
a small wire forces plunger up and pin is driven 
out. 

To remove bronae bashing in upper end of 
connecting rod or piston bosses is sometimes a 
difficult task (see figs. 1, 2 and 8, page 644 and 
fig. 22, page 650). Quite often a reamer is used 
to ream them out. The idea is to renew the 
bushings. 

The piston pin may also be worn, therefore ex¬ 
amine and replace it when renewing the bushings 
if worn. As a role, wrist pin and connecting rod 
bearings are apt to wear soner than the main 
bearings. Therefore test for looseness per page 
639 and below, before working in the bearings. 


♦♦Connecting Rod- 

To test to see if a connecting rod Is loose: 
remove lower crank case. Take hold of rod 
and see if there is end play, by a vigorous 
push up and down, if so, the looseness can 
be felt. 

Don’t mistake the side play however for 
the looseness, as a slight amount of side 
play Is necessary. 

The connecting rod, lower end Is divided 
Into two parts, usually with shims placed 
between, see fig. 14, page 641. 

What has been said in the reading matter, 
concerning the main engine bearings also 
holds good for the connecting rod bearings. 
The two bearing halves may be brought 


•Lower Bushing, 

closer together by the removal of some of 
the “shims” between them or dressed down 
with a file, if shims are not provided. It 
is policy to take off enough metal to allow 
for a few shims, so that when taking up ie 
again required, it will only be necessary 
to take out 1 or 2 shims—see page 838. 

In the majority of engines the removal 
of the lower half of the crank case is nec¬ 
essary before the connecting rods can be 
reached. 

Note that there must he abont tV Inch 
side play between the sides of the connect¬ 
ing rod hearing and side of crank shaft 
arm—also at upper end. (see pages 659, 
646, 649 for aligning connecting rods.) 


Pistons. 


Pistons are made of cast iron for all or¬ 
dinary uses. In many instances where speed 
is desired, an aluminum alloy Called 
“Lynite” is being adopted. 

The cast Iron piston expands less than 
steel or aluminum alloy pistons. The latter 
expanding under heat 
more so than cast steel. 

The piston proper, is 
made with grooves for 
rings, which are generally 
placed on the upper por¬ 
tion as shown in illustra¬ 
tion on page 74, also fig. 
6, page 649. 


In many instances the piston also has 
a ring below the center. 

The average piston Is fitted with three 
rings. Quite often there is an oil groove 
cut in the piston at the bottom or piston 
skirt, which improves the lubrication ma¬ 
terially. see fig. 6 page 74 and page 202. 

Where speed is desired, the lower part 
of piston is frequently drilled with holes 
and piston is made of aluminum alloy to 
lighten them as much as possible (see in¬ 
dex “Tuning an engine for speed.”) 


^Aluminum Alloy Pistons. 



It Is claimed by manufacturers of same to be 
superior to cast iron for the following reasons: 

They are about one-third lighter. The inertia of 
the reciprocating piston is reduced approximately 


67 per cent. This cuts down side pressure or 
thrust on the walls of the cylinders and reduces 
friction and the consumption of lubricating oil. 
The great heat conductivity of aluminum alloy 
—continued on page 651. 


♦The piston pin bushing is usually a bronze bushing pressed into place and in case of renewal will 
have to be driven out per pages 644, 650. If piston pin becomes loose it will score cylinder, per 
page 653. tOldsmobile Co. recommend .002" clearance in upper end of connecting rod which is 
necessary to take care of different expansions between bronze and steel when heated. **See also 
pages 837 and 838. $Foot note, page 651. 
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•Fig. 1.—Testing con¬ 
necting-rod. A jig or 
fixture foY testing the 
alignment of connecting- 
rod assemblies is shown. 
The crank bearing of the 
connecting-rod is at¬ 
tached to an arbor that 
is part of the base, and 
the piston swung across 
the face of the disk that 
is fastened to an up¬ 
right. This disk is 
made similar to a face 
plate and is necessarily 
at right angles to the crank bearing arbor. Any misalignment 
is instantly detected and corrected by bending the connecting- 
rod so that the side of the piston forms a line contact with 
the surface of the disk. This prevents the possibility of un¬ 
equal wear of cylinders due to off-center pistons—(Motor 
World). 


Fig. 2. —Crankshaft testing. The crankcase may be used as 
a fixture for testing the alignment of the main bearings of the 
crankshaft with little difficulty. The case is placed on the 
bench in the position shown, a strip of pasteboard about 1 in. 

wide and %4 in. thick 
placed beneath the 
front and rear bear¬ 
ings of the crank¬ 
shaft. By these the 
shaft is raised from 
the center bearing 
and side play pre¬ 
vented. A pointer is 
then clamped onto 
the side of the case at the center bearing, and by turning the 
shaft the amount it is out of true is determined. This method 
is not only better but quicker than testing in a lathe. 




Fig. 4.—Removing pistons is necessary when working on 
the wrist pin. 

The method of removing piston (Overland for example) is 
to take off the bottom half of the crank case and then remove 

the connecting rod 
bearing cap from 
the rod attached to 
the cylinder which 
it is desired to re¬ 
move. The bearing 
cap is held by two 
bolts fastened by 
castellated nuts. 
When these are re¬ 
moved the rod can 
be swung to one 
side out of the way 
of the crank shaft 
and the entire as¬ 
sembly withdrawn 

rig. «— of withdrawing plot on and connoeting-rod iNtmMy from the Cylinder 
after in bottom half of tho arankcaaa haa boon r om o vod the man nftr 

illustrated, fig. 4. 

The piston pin can then be driven out with a punch after 
which the bushing can be readily removed. 

This plan however cannot be used on engines where the pis¬ 
tons are too large, or a 5 bearing crank shaft or on a 6 cylin¬ 
der engine. The procedure is then to remove the cylinders 
and lower part of crank case and loosen the connecting rod 
saps and take pistons from top of cylinders, or it may be 
necessary to raise cylinders from off pistons. 


•Fig. 11. — Connecting 
that the two bearings of 



rod alignment: It is essential 
the connecting-rod be in perfect 
alignment. Not only should 
they be parallel, but they 
should also be in the same 
plane. The jig illustrated is 
designed to test these with 
one setting. The connecting- 
rod is held on an arbor, and 
a second arbor placed in the 
wrist pin bearing. Knife 
edges are used to check the 
alignment of the two arbors, 
one pair for parallelism hori- 
sontally, and one for vertical 
parallelism, the rod being 
swung from one test position 
to the other. (Motor World.) 


Fig. 3 .-One 
method for 
testing for a 
loose bearing 
is shown in 
the s k e t e h. 
Run the car 
over a pit, if 
possible, al- 
though the 
bare floor 
will do. 

Raise the car by means of a jack to 
suit the conditions for testing. If the 
rod bearings are to be tried, run a jack 
head against the lower half of the con¬ 
necting rod bearing and work the jack 
handle up and down. The smallest amount 
of play can be detected in this way, 
especially on the main bearings, where 
the pretfure of the jack is applied on the 
crank shaft against the weight of the ear 
and '‘play." 

Figs. 5 and 6.—One method of straight¬ 
ening a slightly bent crank shaft is shown. 
This shaft is bent as indicated by the 
dotted line, A, fig. 5, only to a very much 
less extent, the bend not being visible to 
the naked eye except when the shaft is 
revolving in a lathe with a tool or other 
object held stationary, close to the center I 
bearing surface. , 




Fig. 5—Bent crank-shaft. 

In testing for a bent crankshaft, one 
should not be misled by a bearing surface 
of the shaft that is probably worn out of 
round; the test should be made at the side 
of the bearing where little or no wear is 
liable to take place. 

There are few repair men who will un¬ 
dertake to straighten a bent crank shaft, 
and by many it is claimed to be impos¬ 
sible to make a lasting repair to a shaft ! 
which is out of true. However, as the | 
repairman is occasionally called upon to 
fix-it-up, one means employed is shown. | 



Fig. 6. Method of straightening. 


The shaft K is fixed between the 
centers 0 of lathe, blocks B, are placed I 
upon the lathe-bed for a fulcrum, and I 

a bar of iron R, or preferably of wood. ' 

is used as a lever. If an iron bar is ; 
employed a piece of brass, wood or 
lead should be placed between it and 
bearing surface of shaft for protection. 

Assuming that the shaft is bent as in¬ 
dicated by the dotted line A, fig. 6, it is • 
pried up with the bar till it assumes the I 
position indicated by the dotted line B. 
and while held in this position an assist¬ 
ant holding a piece of brass. M, on the 
bearing surface with one hand, and with 
a hammer in the other, strikes the shaft 
a sharp light blow. 

The bar and blocks are then removed. ^ 
the lathe started, and the shaft tested 
again for results. This treatment is re¬ 
peated again and again until the shaft is 
straight as indicated by the line 0. It is 

f generally a long and tedious job. depeud- 
ng greatly upon chance and the ability 
of the operator of the bar to guess the 
proper amount of pressure to apply and I 
the proper place to apply it. j 


HEART NO. 257—Testing Connecting Rod and Crank Shaft Alignment. Straightening a Rest 
frank Shaft. Testing for a Loose Bearing. Removing Pistons. 

*See also, page 659 and foot note page 649. 
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OHABT NO. 258_Example of Fitting Main and Connecting Sod Bearings of Overland Model 70 

—Continued in chart 269. (Motor Wo*M.) 


rig. 1—All ttrtnlnal* should be 
marked In aama simple manner, te 
Vac 11 Itste the as e sm bly. Price Uge 
are uaed in the above method 


3 * 

HWfRXS MCMBCX 


Pig. t—tpeelal puller ter removing 
the fan pulley flange from the 
crankshaft. It may only be used 
when the engine le In the car. and 
la attached te the «anoe belts 


sprockets la prevented by the use aA 
this puller, it can only be used ftt*> 
the timing -ever and chains are e*l^ 


removing valves 

The following outline of work will give the render 
an £8 to how to use system in connection with 
repair work. While the example treats on main and 
connecting rod bearings, still the main features and 
manner of doing the work will apply to other work 
of a similar nature. There is a right time and a 
wrong time to remove each part. The following 
order has been found the most efficient by the 
Overland Service Station in New York and was pnb- 
lished in “Motor World,” a leading automobile 
publication. 

Indications of Wear. 

Heavy, dull pound—main bearing. 

Lighter knock, usually worse when engine is idling 
—connecting rod bearing. 

(Inspection of the bearings is always essential 
before taking the engine down, as the trouble 
may be somewhere else.) 

How to Determine Where? 

1- Remove pan. 

2- Remove hood. 

3- Draw oil from base. 

4- Remove base. 

6-Place jack beneath flywheel, and work it up and 
down. Any play may then be felt in the main 
bearings, see fig. 8, page 646. 

6—Work connecting rod bearings up and down, to 
determine looseness. 

Note—A chain or tackle block, secured to the 
ceiling, is necessary to remove the engine from 
the frame; and some sort of a stand to rest, it 


on when removed. These, the standard shop 
tools, and the few special tools described later, 
are all that ia essential to efficient work. If the 
connecting rods only are loose, they may be 
tightened without removing the engine from the 
frame. Looseness in the main bearing necessi¬ 
tates a complete removal and tearing down of the 
engine. 

L-Find the trouble. 

2—Study the location of the defective part, and ita 
relation to other parts. 

^-Determine the commonsense method of getting at 
the defective part—and do not remove any part 
unnecessarily. 

4- Lay out, either in your mind or on paper, the 
successive steps necessary to do the work. Effi¬ 
ciency demands that you do all possible work an 

one part from one position. 

5- If necessary, mark each part on removal. 

6- Place each part as it is removed, in some syste¬ 
matic order, either in a parts, box or on the 
bench. 

7- Oheck up each part on re-assembling, and make 
certain that all nuts are tight. 

To Remove Engine. 

(Note—Have you got the common tools neces¬ 
sary to do the work right where you can get 
them instantly, or are you going to spend half 
your time running for themf) 

1- Drain radiator. 

(This will be draining while you remove the 
lamps.) 

2- Remove lamps. 

3- Remove radiator hose connections, brace, and re¬ 
taining bolts. 

4- Remove radiator. 

5- Remove all wiring terminals marking each one aa 
shown in fig, 1 so that they may be returned to 
the proper binding post. 

6- Remove throttle and spark control, connecting 
steering post with engine base. 

7- Remove oil pipe connections, and gasoline pipe, 
after turning off gasoline. 

8- Di8connect exhaust pipe from manifold. 

9- Remove torsion tube yoke pins from yoke. 

10- Remove bolts from universal casing. 

11- Remove fan belt and pulley retaining nuts an 
crankshaft flange. 

12- Remove fan belt pulley on crankshaft, using 
special puller shown in fig. 2. 

18-Using rope sling, and chain blocks, hoist engine 
forward, removing it from fr&mo. 

—see next paga. 
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«—AccMdbillty l« MMntlai in «n 
repair ana nacaaaltatas aama aort 
•f a stand. After removing the crank 
case base and the cylinder head, the 
• stand Illustrated may be used to held* 

the engine upright or. bottom iigV 


Fig. 8—Engine (bottom 
•ide up) bolted to hones. 


—continued from chart 258. 

14—Drop engine onto two horses, connected by iron 
straps, as shown in fig. 6. 

16-Remove clutch spring bolts ns shown in fig. 8. 

16- Remove 8 bolts holding rear support to engine 
base, and take off entire assembly. 

17- Remove clutch. 

18- Mark flywheel and crankshaft flange with cen¬ 
ter punch, so that it may be returned as taken 
off. Remove flywheel bolts and flywheel. 

19- Remove cylinder head. 

20- Remove connecting rod bearings, marking both 
rods and cape so that they may be reassembled 
exactly as taken off. 

21- Remove connecting rod and piston assemblies. 

22- Turn engine bottomside up, and fasten to horses, 
as shown in fig. 8. 

28—Remove timing gear case, exposing timing gear 
and chain. 

24— Turn crank until front and rear throws are at 
top dead center. The distributor should then be 
making contact with No. 1 brush. If not, turn 
crank over once. Then mark face of gears as 
shown in fig. 7 if this has not already been done. 

25— Using puller shown in fig. 5, remove crank¬ 
shaft sprockets. 

26— Remove front crankshaft bearing assembly bolts. 

27— Remove rear crankshaft bearing assembly bolts, 
and draw crankshaft out towards the rear. 

(By careful inspection, get some idea of the ac¬ 
tual amount of looseness in the bearings; then 
remove the bolts holding the halves together, 
completing the tearing down.) 

The Repair. 

(Note—The work of refitting bearings is tedious 
even for the best mechanic. Do not expect to 
fit one bearing in less than two hours, if it is 
badly worn; and do not be disappointed if the 
bearing seems to get worse instead of better at 
the start of the scraping process.) 

1—*Carefully file a small amount of metal from the 
face of each bearing cap. To do this, clamp the 
bearing in a vise and holding the end of a fine 
flat file loosely between the left thumb and fore¬ 
finger, the right holding the handle, draw the file 
with the left h$nd across both edges of the bear¬ 
ing cap, per fig. 8, page 643. Do not remove more 
than .002; try the bearing, and if still loose, file 
again. 


2- Clean both shaft and bearing with waste, 
wet with gasoline. 

3- Paint the shaft with a solution of Prussian 
blue and water. Allow to dry. 

4- Clamp bearing halves together on shaft* 
and turn three or four times with the hand. 

6-Remove. The high points in the bearing 
will be blue, and must be scraped down. 

6- Again clamp the bearing to the shaft, and 
repeat blueing, scraping and testing, un¬ 
til the bearing is properly “spotted in.” 
When spotted in, but litle of the bearing 
half will be untouched by the scraper. An 
equal amount of material must be removed 
from each bearing half; and when prop¬ 
erly fitted, the shaft will register contact 
over practically three-quarters of each 
bearing half. 

7- Replace bearings, after oiling, and be sure 
that they do not bind. A small amount of 
binding may be removed by poening down 
the caps of the bearing with a ham¬ 
mer. When right, the bearings should be 
free enough to be turned by hand with¬ 
out great effort. 

8- Check up the alignment of each piston with 
its rod and bearing, by the use of a ground 
arbor and square, fig. 9, (page 649.) see 
also chart 257. With a micrometer or cal¬ 
ipers, check up roundness of connecting 
rod bearing on crankshaft; and if out of 
round, the best practice is to send them to 
a specially equipped shop for regrinding. 

9- Replaoe crankshaft and crankshaft bearings. 

10- Replace flywheel, making certain that it is re¬ 
placed exactly as removed. 

11- Replace No. 1 connecting rod assembly, and re¬ 
move shims, until bearing binds. 

(This assures that there will be sufficient mate¬ 
rial to permit scraping to a seat.) 

12- If binding is excessive, and the crank cannot 
be turned, replace one pair of shims, after filing. 

18-Clean shaft and bearing, paint shaft with Prus¬ 
sian blue, and proceed with scraping as with 
main bearing. 

14- When bearing is properly spotted in, oiled and 
tightened, an even resistance should be felt when 
turning the crank. 

(First hard, then easy turning indicates a poorly 
fitted bearing or an oval crankshaft. Again 
check with calipers.) 

15- Scrape and tighten each connecting rod bear¬ 
ing in turn, having the others loose while so 
doing. And be sure to follow the marking placed 
on the rod and bearing, so that each assembly 
is replaced exactly as it came off. 

The Reassembly. 

1- Make certain that all nuts are tight, and that 
all cotter pins are in place. 

2- Soak every bearing with cylinder oil. 

8-Replace sprockets on front end of crankshaft, us¬ 
ing a lead hammer, brass punch, or wooden block. 

4- Turn crankshaft until pistons 1 and 4 are at top 
dead center. 

5- Turn camshaft sprocket until point (1), fig. 7, 

comes opposite point (1) on the main sprocket. 

6- Turn magneto sprocket until point (2) lines up 
with point (2) on camshaft sprocket. Distribut¬ 
ing brush should now be in contact with cylin¬ 
der of No. 1 terminal. 

7- Wrap chain around sprockets and fasten the 
master link. 

8- Replace timing gear case. Use shellac in re¬ 
placing gasket. 

9- Replace fan pulley. 

10- Replace fan bracket and belt. 

11- Slide clutch into place. 

12- Replace rear engine support and bolt into place. 

13- Replace clutch springs, as shown in fig. 8. 

14- Replace cylinder head. See fig. 10, page 649. 
(Note—Oarbon should be scraped out, and valves 

reground and adjusted first). 


BAST NO. 250—Continuation of Chart 258. Fitting Bearings. (Overland.) 
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-continued from chart 259. 

15—Replace base. Use cork packing, and shellac 
only one side. 

15—Swing engine back into frame. 

17— Holding drive shaft up, slip universal into place. 
The block and tackle are required for this job, 
and at least two men are needed; one to guide 
the universals, and one to manage the engine. 

18— Replace universal yoke. 

19— Bolt universals together. 

20 — Bolt engine to frame—and make sure retaining 
bolts are tight. 

21- Replace pedal mechanism, brake rods, etc. 

22 - Connect the exhaust manifold. 

23— Connect oil and gasoline connections. Turn on 
gasoline. 

24— Connect wiring terminals. Hake certain that 
marks are followed. 

25- Replace radiator and radiator hose connections. 
Use rubber coment on all joints. 

26- Replace controls from steering column to dash. 

27- Refill radiator. 

28- Place 9)4 qts. of medium oil in base. 

28-Spend 5 min. checking through all nuts, bolts, 

screws, pins, etc. 

30-Start engine. Do not use starter, but crank by 
hand, or tow car while locked in high, if ex¬ 
tremely stiff. If engine will not start after a 
reasonable amount of cranking, inspect wiring, 


gasoline and spark. But do not continue to 
crank blindly. When started, do not allow en¬ 
gine to race, but allow it to run slowly for a 
peribd sufficient to remove some of the stiffness. 

31-Replace pan. 32-Replace hood, (from Motor 
World)) 


"&3 ldT 

^6 Si WT 
<o> © o ® ® 

H—gf -IH .. 

••Fig. 9 (left illus¬ 
tration) . A ground 
arbor and a square 
should be used to 
check up the align¬ 
ment of the con¬ 
necting rod and pis¬ 
ton assembly. This 
should be done both 
before and after 
scraping the bear¬ 
ings. 

Fig. 10 (right illustration). In replacing the cyl¬ 
inder head, tighten the stud nuts in the order shown 
above. This will avoid warping or springing the 
cylinder head, and assure the tightest possible fit. 
No nut should be drawn clean down before all are 
set snug. 





cl 

side micrometer" (1M) in cylinder per fig. 2, and 
determine inside diameter of cylinder. 



How To Measure Piston and Bing Clearance. 

clearance: Place "in- ▲ fthlckness gage is then applied as shown in fig. 5 
and distance determined. As a general rule the 
clearance should be .004" per inch of cylinder di¬ 
ameter. This rule does not hold on patented rings 
as the Leak-Proof ring clearances are as follows: 


no 4 

2 

to 

3" 

diam., 

.010" 

opening. 


3 

to 

4" 

diam., 

.016" 

opening. 

—jrT'X 

4 

to 

5" 

diam., 

.018" 

opening. 

7m\\ 

5 

to 

6" 

diam., 

.022" 

opening. 

6 

to 

7" 

diam.. 

.026" 

opening. 


♦Then place an "outside micrometer" (OM) over 
piston, per fig. 8, to determine outside diameter of 
piston. 

Then place the inside micrometer (1M), fig. 4, as 
shown, in between the outside micrometer, and note 
the clearance. 

Method of ring clearance in opening of ring: 

Place piston without rings into cylinder. Then slip 
ring into cylinder behind piston, as shown in fig. 5. 
Pull piston up against ring in order to square ring 
:ylinder. 


This amdftnt of clearance permits the rings to con¬ 
tract without the ends coming in contact, caus¬ 
ing distortion and subsequent scoring. 

To measure ring clearance in groove, see fig. 6. Re¬ 
move all grit and see if groove walls are straight 
and not worn. The rings should fit freely into the 
grooves and should be from .001 to .002 narrower 
than the groove. See also pages 658, 659. 


up in the cyli 




Miscellaneous. 


An expanding cyl¬ 
inder lap, made 
from a worn out 
piston. Head of 
piston is remov¬ 
ed. One wrist 
pin bearing is 
tapped, then split 
piston as shown, 
so that a plug 
screwed into tap 
hole will cause 
piston to expand. 
An old connect¬ 
ing rod and han¬ 
dle is then pro¬ 
vided. Ground 
glass and oil are 
used for lapping 
compound. 

. 12. Truing up 
Ive tappets when 
worn, is shown in 
illustration. 



Fig. 11. Piston pin remover: A 
(fig. 11A) is flat iron tapped to 
take screw 0. Flat iron bands are 
attached so they can be placed 
around piston, then pressure of 
screw forced against wrist pin 
(piston pin), see also page 650. 

Fig. 13. Valve tappet guide puUer 
made of short section of 2" iron 
pipe or any size ^ 

larger in di. than | 

guide. A washer is 
then placed over the 
top of pipe. A bolt 
which will go through 
guide hole and two 
nuts, will complete 
the puller. 


LL 


M 




CHART NO. 200-A—Continued from Chart 259. 
cellaneous. 


How To Measure Piston and Bing Clearance, 


♦See page 698 for explanation of a micrometer. ••There are three disalignments possible in piston and connectini 
rod: Off-set in direction of crankshaft; bend to right or left in direction of crankshaft; a twist in connectini 
rod—see also pages 659, 646. tSee pages 699, 697 for Thickness Gage explanation. 
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Pig* 1 *o I taelwir* thawing hH«m ImIi for taping pin ant and ring! 



ri|i 1. ■ iU 9 —Tkrpg typo* H topping (Mb 



Fig. 28—For romoYlng piston pin or bushings, s 
rod is turned to slide freely through bushing end 
then threaded S. A. E. standard. The pulling bush¬ 
ing is made slightly smaller than hole in piston, see 
also, page 649. 


Lapping Tools. 

Fig. 2 shows a simple design of an expanding 

lapper. Such a tool as this may be used in the 
drill press, an up and down and rotary motion being 
supplied at the same time. Fig. 1 shows another 
tool of this type. Its construction is readily un¬ 
derstood. 

An expanding piston lapper which may bn used 
for lapping rings or cylinders is shown in fig. 3. 
The two operations should not be simultaneous, 
however. When the cylinders are slightly scored, 
the marks should be removed first and then the 
new rings should be lapped in. 

When no piston is available the rings may be 
lapped between two blocks of wood as shown in 
fig. 4. 

Bings may be placed in an old piston. A new 

piston should not be used because it will wear 
away to some extent and this is objectionable. 
Fig. 5 shows how the lapping is accomplished. 
Another method is to cut off the head of the pis¬ 
ton and use the wristpin for a handle, as shown 
in fig. 6. 

Fig. 7 shows a simple expanding lapper made 
from an old piston. A piece of tubing ie brased 
into one piston boss and another tube to fit snugly 
inside of it is brazed into the other boas. The 
two halves are kept in line by slotting the two 
tubes and inserting the member shown at the 
bottom of the sketch in these slots. Adjustment 
is obtained by screwing out on the screw as 
illustrated. 

Fig. 8 shows how a cylindrical block of wood, 
closely fitting the cylinder bore, may be need 
when an old piston is not available. Emery and 
oil are put on the cylinders and the lapping pro¬ 
ceeds in the ordinary way. Grooves are cut 4n 
the surface to aid in the distribution of the 
abrasive. Adjustment for wear is provided by a 
slit which Is opened by a wedge. 

Fig. 0 consists of a tapered arbor over which 
is placed a lead sleeve; the position of the sleeve 

determining the exact diameter of the tool. The 
arbor has a key which prevents slipping. The 
sleeve is cast in place and then the slot is cut to 
receive the key. The expansion of the tool is 
accomplished by driving it further up the arbor. 
Reduction in size is obtained by moving it in the 
opposite direction and compreesing it. 

Lapping Pointers. 

If the cylinder surfaces are in good condition 
only the rings need be lapped. The purpose in 
lapping the rings is to make them fit tightly against 
the cylinder surfaces. 

The lapping process consists in moving the rings 
back and forth in the cylinders in the presence of 
a mixture of ground glass and cylinder oil, or car¬ 
borundum and cylinder oil.* The abrasives should 
be the finest obtainable, (see page 658.) 



Fig. 20—Another piston lap¬ 
ping handlo: When it is desirable 
to lap a piston of a detachable- 
head engine without removing the 
cylinder easting, the tool shown 
is a time-saver. It is made of or¬ 
dinary tt-inch pipe, a T at the 
lower end slipping over the wrist- 
pin of the piston. The wristpin 
used in lapping should be made of 
fibre, as a metal one is likely to 
•core the cylinders. Ground glass 
and croons mixed in equal parts 
is used at the finish and ordinary 
valve grinding compound at the 
•tart. 


When the rings bear all around, the work Is finished. This can 
be seen with naked eye. 

If the cylinders are slightly scored they should be lapped with 
an old piston. It is not desirable to use a new piston because it 
will be worn away and for the same reason new rings should not 
be used in the piston during the lapping process. 

If cylinders are badly scored an old piston with old rings should 
be used and after all marks are removed the new rings should be 
lapped in place, using an old piston. 

When the cylinders are badly scored an expanding lapper may be 
used instead of the old pistons, (see page 649.) 

Aluminum pistons cannot be treated in the same way aa cast iron 
because they are too soft. High spots on the pistons may be re¬ 
moved by means of a semi-cylindrical brass lap shown, into which the 
piston fits. 

Removing a Gam Shaft—Dodge as an example. 

To remove the camshaft the radiator must be taken off and then 
the front gearcase cover. The camshaft may then be pulled out 
after the valve push-rods are tied up so as not to catch the cams as 
they slide by, and after the camshaft retaining pin (which will be 
found on the right side of the motor directly back of the ignition 
unit) has been removed. This pin fits in a deep groove in the center 
journal. In the first 40,000 or 50,000 ears the pin is held in place 
by a setscrew, but the newer cars have a spring. 


I 


i 


! 


7HABT HO. SBO-B—How to Lop Platans and Piston Kings. 

'Another lapping compound for piston, ringR. etc., is engine oil or coal oil and flour of emery. For s v«ry 
fine finish use valve grinding compound secured at supply stores. It is often made of crocus which is fin**’ 
than emery and is usually used on razor straps. 
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—Continued from page 645. 

lessens the carbon deposit on the piston head and 
the deposit is more easily removed. In ease of 
extreme heat it is claimed the lymte piston will 
not ''score" or cut the cylinder walls. It is a 
proven fact, that the lighter the piston the 
quicker it will operate, therefore greater speed 
and flexibility is the result. 

•The main drawback however, is the "slap" 
which often occurs as explained on page 687, un¬ 
less the pistons fit or the clearance is exact. 

♦♦Piston 

A piston does not fit the cylinder wall 
tightly, if it did, it would seize and stick 
when it was heated, as it expands with heat. 

The piston rings fit tight however, but be* 
ing split and of spring tension, they fit 
the cylinder at all points—or at least they 
should. For this reason clearance must be 
allowed between the wall of cylinder and 
piston, per measurements, page 649. 

Oast iron pistons require less clearance 
than those made of aluminum alloy, because 
they do not expand so much under the same 
degree of heat. The piston should fit the 
cylinder wall with little looseness. Usual 
practice being to have piston .001 inch 
smaller than the bore for each inch of pis¬ 
ton diameter at the point where the most 
beat is present—which is at the top. 

More clearance is required at the top 
because here, the heat is greatest therefore 
greater expansion. 

The clearance is usually graduated. If say 
.005 inch clearance is given at the bottom, 

Questions Answered 

(Ql) How many ring* are generally used on tour¬ 
ing car engines? 

A—3 or fonr. 

(Q2) How many rings are generally used on rac¬ 
ing car engines? 

A—1 or 2. 

(QS) What clearance should cast-iron pistons have 
on an average? 

A—.001 per inch of piston diameter at skirt. 

(Q4) What clearance should aluminum-alloy pis¬ 
tons have on an average? 

A—.002 per inch of piston diameter at skirt. 

(Q6) What is the proper method for reboring cyl¬ 
inders ? 

See pages 653 and 616. 

*(Q6) What is the difference between concentric 
and eccentric piston rings? 

A—A concentric ring is one of equal thickness 
throughout its entire circumference. An 
eccentric ring is not.— At a point opposite 
the split in ring, it is made slightly 
thicker, see fig. 6, page 655. 

(Q7) Why is an eccentric ring used? 

A—Piston rings are made eccentric in order to 
maintain a uniform wall pressure on the 
entire periphery. Rings of this type are 


When cold, the clearance of an aluminum piston 
is considerably more than cast iron therefore 
until engine is warmed up there is more or less 
slapping noise As the heat increases however, 
the piston expands and the noise disappears. 

The writer knows of one instance where the 
lower part of an aluminum piston which had a 
tendency to slap, was grated with a file, like a 
nut-meg grater, this reduced the noise to a con¬ 
siderable extent, due to the fact that the clear¬ 
ance space was reduced by the roughening process. 

Clearance. 

the middle would be about .006 and at 
top say .007. 

Q.—What is the clearance of cast iron pistons? 
For aluminum pistons "lynite etc." For semi- 
steel pistons? 

A.—fLynlte .002 in. for each 1 in. diameter 
at skirt and .004 in. for each 1 inch di. at top of 

piston. 

Cast Iron and semi steel require but one half 
the clearance of lynite. Steel expands sligntiy 
more than .cast iron. 

Above clearance measurements may be re¬ 
duced to produce quiet running but the danger 
of seizing will be increased if engine is run at 
full power or speed for several miles. 

If pistons are fit very close to cylinder it 
will run very quiet but may heat and stick 
and cause engine to slow down or stop if 
driven at a high speed. In fact all new en- 
gines should be driven at moderate speed for 
the first 1000 miles—see pages 203, 489. 

If pistons are fit moderately loose, they 
will make noise but will not cause trouble 
if kept well oiled—regardless of hard work 
or fast running. The practice is to give 
greater clearance for higher speed. 

on Pistons and Bings. 

always cut at the thin point. In order that 
the wall pressure be maintained at the 
points of a ring of this character it is 
necessary to compress the material at the 
inner periphery. This sets up a certain 
bending moment which would break a con¬ 
centric ring at a point diametrically op¬ 
posite the cut. For this reason the ring 
is weighted up or made eccentric, thereby 
giving extra material opposite the cut or 
split part of ring. At the present day. 
rings of this type are being made in which 
the scale, due to casting, is left on the 
inside of the ring and the ring finished on 
the 3 outer surfaces only. 

A concentric ring generally has some other 
feature embodied which creates the cylin¬ 
der wall pressure. Some times it is sup¬ 
plied with a spring steel band on the inside, 
some time8 by a number of small flat springs, 
or by circular spring wire. Some times two' 
concentric ringe are used, and so fastened 
to each other so as to have the split dia¬ 
metrically opposite each other. Some ad¬ 
vantage is claimed for concentric rings 
over eccentric rings, f</r instance, the car¬ 
bon that accumulates back of the ring will 
tend to lock an eccentric ring sooner than 
a concentric ring, thereby preventing the 
natural shifting of the ring around the 
piston groove. 


*See page 688, fig. 7 for Franklin method fer remedying aluminum piston slap. The Sterling engine 
(used on the Scripps-Booth, which has aluminum alloy pistons) has a strip of piano felt placed un¬ 
der the lower piston ring. Manufacturers of aluminum alloy pistons: Butler Mfg. Co., Indianapolis, 
Ind.; McQuay-Norris Co., St. Louis, Mo. 

tVariea with different manufacturers, see also page 649. 

fWhen aluminum alloy pistons are used the connec ting rod bearings must be fitted slightly looser and 
clearance between piston and cylinder wall greater —see page 649 how piston clearance is measured. 

••The amount of clearance depends upon the speed of engine, efficiency of cooling system, type of water 
circulation, length of water jacket. If engine is * •hot-running’’ or heats quickly, clearance is in¬ 
creased proportionately. If ‘‘cool-running," give less clearance. It will vary, depending on above 
conditions—see also page 649 and foot note, page 653. 
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Fig. 6—How to romedy spark- 
plug foaling from ate of too much 
oil. For convenience the drawing 
has been divided in quarters to be 
designated as 1 2, 8 and 4. 



Fig. 8—Another suggestion: To 
euro excessive lubrication to which 
some old cars are sublet to, the 
pistons should have * narrow 
groove turned in the skirt with the 
lower edge of the groove beveled. 
With a No. 80 drill about six holes 
are drilled at equal distances 
around the piston and at an angle 
through the groove The sharp 
edge at the top of the groove acts 
as a scraper and the surplus oil 
passes through the drilled holes, 
returning to the crankcase. No 
ring is placed in the slot, see 
chart 286*A, and page 202. 



Fig. 9—The collection of carbon 
on the top of the piston head is 
often greatly accelerated bv the 
lathe center mark in the head, and 
where possible this hole should be 
avoided or filled up. It is the 
starting point at which the carbon 
begins to collect and soon there is 
a mound at this point. The rapidi¬ 
ty with which carbon collects can 
be greatly reduced by smoothing 
the walls of the combustion cham¬ 
ber, especially the top of the pis¬ 
ton. The surfaces should be pol¬ 
ished with emery and crocus cloth. 


Remedying Excessive Oil with Piston. 

At 1 fig. 6, at A,is shown a popular method for overcoming 
some of the troubles due to an excess of oil. Note the chamfered 
lower edge of the second ring groove, B; 1-82-inch holes are drilled 
from the chamfered edge to the inside of the piston. This is for 
return flow of the excess oil. An extra large hole in each aide 
over the piston pin bearing and running into same will improve 
its lubrication and insure long life. The number of small holes 
around the chamfered edge should be determined by the extent 
of the fouling. 

At 2 is shown the chamfered lower edge of the second zteg 
groove and the small holes drilled through piston In the re c e ss ed 
space about the middle. Here, as at 1, the number of holes should 
be determined by the extent of the fouling. 

At 8 is shown the chamfered lower edge of the bottom or oil ring. 
This very simple method is highly successful, a great deal easier to 
perform and is the one employed in the repair shops of the 
various Ford branches. 

At 4 is shown the method employed in 1, as applied to the lower 
ring. Ford pistons before the latter half of 1918 did not have this 
lower oil ring, therefore the ring wear and travel is limited to the 
space covered by the three top rings. Since this leaves a space 
a couple of inches high at the bottom of the cylinder which remains 
smaller than the top, it will be seen that over-size pistons that will 
fit the top will not go through the bottom of the cylinders and if it 
is desired to cut these in it will be found necessary to lap them 
in. Lapping should be done with an old piston, the rings left in and 
pinned to keep them turning with the piston. Lapping is best done 
by power under a drill press with a dummy rod tapered to fit the 
press. The piston should be rotated and raised and lowered twenty- 
five to thirty times per minute. 

Oversize pistons are not needed where any of the above methods 
for correction of fouling are used—their only function in such cases 
being to lessen the noise from piston slap. It is safe to say that 
a set of cylinders which offer objectionable noise from piston slap 
have been neglected in the matter of lubrication or are very old 
in service and in such cases the connecting rod bearings are always 
out-of-round in direct proportion to the wear of the cylinders and 
it will be found impossible to keep these rods tight and thus do 
away with the noise, loose rods occasion, (see also page 202.) 

Cause of Smoke and Indications of Color. 

If the vapor is black and foul smelling it is caused by too rich a 
mixture (too much gasoline); this can be remedied in carburetor. 

If the smoke is white or blue, the engine is supplied with an 
excess of oil. 

If smoke is gray, there is too much fuel as well as a surplus of olL 

The reason an engine excessively supplied with oil smokes is that 
if there is too much in the crank case the entire lower portion of 
connecting rod will dip into it and the lubricant will be forced 
into the cylinder to work by the rings on the piston, then into 
tho combustion chamber. If there is surplus of oil, more than what is 
needed, then a remedy is to chamfer and drill holes as shown in fig. 
6, and 8 (also page 202) these having a right angled edge at the top 
side and sloped toward the base, so as to scrape the oil from the 
walls on the down stroke. • 

Another method formerly used was a baffle plate 
as shown at BP in fig. 10. This is a simple plate 
of sheet metal in which a slot is cut, through 
which the connecting rod works, thus preventing 
an excess amount of oil finding its way into the 
mouth of the cylinder. 

If spark plugs are constantly oil soaked, this 

indicates leaky piston rings. The oil passes the 
rings, hence the cause. It can also be caused by 
the 4 'piston pumping 4 ' oil as explained on page 
653 and below, even though ring is a good fit. 

Vacuum Cause of Piston Pumping OIL 

When you see blue smoke issuing from the exhaust it indicates too 
much lubricating oil is being consumed. 

If this occurs regular at all speeds, it is generally due to piston 
rings. 

If only occurs when engine is run at low speeds for long periods, 
or idling at the curb, it is due to either cause as follows: 

When engine is run fast a vacuum is not produced in the cylinder, 
because so much gasoline and air is drawn into cylinder. 

When engine is throttled down only a little air is allowed to enter, 
therefore more of a vacuum is produced. The tendency being for the 
vacuum to suck up oil from crank case past the piston rings. 

You no doubt have seen many a car start off from a standstill 
after the engine has been running slowly for a time and watched 
clouds of smoke coming from the muffler. Gradually, as the car 
gets under way the smoke gets less and finally no smoke is evident, 
unless the mixture should be too rich, in which cgse the smoke is black. 



CHART HO. 260—Piston Relation to Smoke and Excess Oil—Cause of Smoke and Color. 
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Relation of Piston and Rings to Smoke 
and Excess OIL 


This subject is treated in chart 260 and 
below. Note that while rings may be in 
good condition, yet it is possible to pump 
oil past them by action of the piston. This 
is very common on some engines. 

♦Piston Pumping Oil. 

Quite often the combustion chamber will be 
constantly oil soaked, thereby keeping the 
plug fouled and cause missing. The front 
or rear cylinders are prone to this and it 
appears that it is . due to the fact that a 
necessary amount of oil must be carried in 
the crank case and when car is going up or 
down hill the rear or front cylinders get an 
excessive amount of oil and the piston as¬ 
sists by pumping it past the rings. This is 
common where there is excessive clearance, 
especially in old engines and quite often in 
new ones, where there is excessive clearance 
to begin with and poor fitting rings in addi¬ 
tion. 

Another cpmmon causor-is too high an oil 
pressure. It is by no means unusual to see 
pressures of 30 lbs. employed. 

Very few people are aware of the fact 
that the piston and cylinder walls in a well- 
designed engine should not be placed in the 
actual path of the big-end splash. 

At ordinary engine speeds the inside of 
the crank case is in a condition of what can 
be aptly described as “oil fog, 11 and al¬ 
though all the crankshaft bearings are fed 
directly with liquid oil, the cylinder itself 
should be supplied by “fog 11 only, which is 
much denser than one might imagine and 
quite equal to its work in thiB respect. 

Any actual splash which gets on the 
walls simply leads to waste and carboniza¬ 
tion through the oil getting past the rings 
into the combustion head and being burnt. 

Another method adopted by*many, is to 
taper off the top of piston so that the oil 


instead of gathering on the head will gather 
in the space around the outside diameter 
between piston and cylinder walls, where 
it does the most good. 

A third cause of oil waste is to be found 
in the piston rings. 

If worn slightly oval they will cause leak¬ 
age if their position is not rigidly 
maintained. 


It is always advisable, therefore, to pin 
them, and the best way to do this is to drill 
and tap the cen- 

i ter of the ring 

I groove and screw 
f in a fillister head¬ 

ed peg or screw; 
Fig. 8—A pinned piston this head is now 

ring. filed in half and 



one of the steps of the ring lengthened to ac¬ 
commodate it. The edge of the step prevents 
the peg unscrewing, and a very permanent 
and satisfactory fixture is assured. 


Under racing conditions, where the piston 
is a very slack fit and a minimum of fric¬ 
tion essential, a slight advantage in engine 
speed is obtained by using a surplus of oil, 
for it is well to explain that in describing 
these various methods of reducing oil con¬ 
sumption the ideas aimed at are (1) econo¬ 
my and (2) prevention of rapid carboniza¬ 
tion. It is not intended to convey that any 
actual mechanical harm is done to the en¬ 
gine by over-oiling. 


Remedy. 

Where there is excessive clearance a good 
plan is to make the ring act as a scraper 
and beveling off the edge of it's groove as 
explained on page 662. 

The lower and exposed edge of the ring 
catches the oil during the down stroke, and 
forces it through the holes back into the 
crankcase again. 


♦♦Cylinder Reboring, Reaming and Grinding. 


When an engine runs without oil, the 
cylinder wall may have become scratched 
or “scored." (see page 202.) 

In fact, cases have been known where cylinder 
was getting plenty of oil, yet rings being loose, 
the flame from combustion would work past the 
loose ring and prevent it from receiving proper 
lubrication, causing it to heat and cut cylinder. 

Cause of a scored cylinder is frequently 
due to a loose piston pin, which scores, or 
cuts cylinder wall, thereby permitting a 
leak between wall of cylinder and ring. 

♦♦A scored cylinder can only be remedied 
by reboring, reaming, or grinding and this 
i^ a job that ought to be done where a spe¬ 
cial reboring or regrinding machine is in¬ 
stalled. When a cylinder is rebored, over¬ 
size pistons and rings must be fitted. 

♦♦If cylinders are not scored too deep 
they can b* lapped in with an old piston 


covered with oil and emery, per pages 650, 
649. 

The first troubles caused by worn or 
scored cylinders are fouled spark plugs and 
excessive carbon deposits due to oil leak¬ 
ing past the piston and rings, compression 
also escapes by the worn parts, causing loss 
of power and wasting gas and oil. A very an¬ 
noying knock or clatter known as “piston 
slap", soon developes. The longer the en¬ 
gine runs the worse this condition becomes. 
An engine in this condition is not only 
wasteful but also very noisy and disagree¬ 
able to operate. 

tS. A. E. Standards for Oversize 
Pistons. 

There has hitherto existed no uniform 
practice as to the amount of metal removed 
in regrinding worn cylinders, with the re- 


tThe 8. A. B. has never a adopted any standards for piston clearance because the difference in mate¬ 
rials, in cooling, and design of both pistons and cylinders, affect the amount of clearance necessary, 
see foot note, page 651. 

*See also “vacuum cause of pii 
filling up cylinder scores with 


iton pumping oil,’’ page 652. **There la now an electric process of 
hard solder alloy, thus saving time of reboring, etc. 
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suit that difficulty is experienced in se¬ 
curing new pistons of correct size, from the 
manufacturers. 

With a view to eliminating all unnecessary 
expense and delay, the following standards 


have been accepted by the society and 
be obtained from most engine manufacturers. 

**10 thousandths inch (.010*) large for 1st *♦ 

20 thousandths inch (.020*) large for 2nd 

80 thousandths inch (.030*) large for 8rd 

40 thousandths inch (.040*) large for 4th 


^Questions Sometimes Asked Relative to Reboring, etc. 

Q-l—Ts there a special hand machine on the 
market for reboring and regrinding cylinders f 
A-l—Yes. They are advertised in different 

motor papers, see index “Address of Auto Trade 
Publications." see also chart 247-H and page 520. 


give a satisfactory polished surface. Reamers will 
not run true in the greater majority of cases, for 
example examine the cylinders of those who are 
reaming to-day. The majority are returning to 
grinding." 


Q 2—Can this be done on the lathe f 

A-2—Yes by bolting the cylinder to the carriage 
and use a boring bar; or clutch the cylinder in 
the lathe and use a grinding attachment. 

Q-3—If not, what kind of a machine, and 
where would I get it? 

A-8—There are many makes advertised. 

Q-5—What would you advise charging for 
reboring cylinders 1 

A-5—$1.00 per inch of bore, that is a 4-inch 
'bore cylinder would be $4.00. 

Q-6—Would it be cheaper to order new cylin¬ 
ders from the factory f 

A-6—Yes, unless properly equipped. To be 
properly equipped would not pay unless there was 
considerable work of the kind. 

Q-7—Would it be necessary to have overBise 
pistons and piston ring* ( 

A-7—Yes. If enlarged. If new cylinders were 
used the old pistons and rings may or may not 
be large enough. 

Q-8—Where can I get these oversize piston 
rings! 

A-8—From any piston ring manufacturer, or the 
manufacturers of the engine. Some of the Arms 
supplying pistons, rings etc., are Butler Mfg. Oo., 
Indianapolis, Ind. There are many others men¬ 
tioned in motor trade papers. 

Q-9—1 saw in your book about lapping cylin- 
inders where they are scored, but not scored 
deep. You say to lap them with an old piston. 

A-9—Yes, use a discarded piston or something 
of the proper size (see chart 259-B) that will fit 
when covered with oil and emery or whatever 
compound you use. 

Q-10-—Which is best; to grind, ream or re-bore a 
cylinder t 

A-10—There seems to be a difference of opinion 
on this subject. The following is a statement made 
by Butler Mfg. Oo., Indianapolis Indiana. 

"Grinding generates the hole, it does not fol¬ 
low the former bore as a reamer or boring tool. 
Iron which has seen service and is full of oil is 
hard to ream or bore, because the tool will not cut 
as well in the saturated iron, and thus cut deeper 
on the opposite side. Where the iron is soft the 
reamer or boring tool will cut deeper than where 
hard, thus one cannot have a true hole. Reamers 
press the iron and requires lapping of cylinders to 


vvuuutvu w uitu juu uicijr do inter 

ested in has arisen in the construction of engines. 
This is the condition of the cylinders and pistons 
as put out by the manufacturer. In this day of 
rapid production, you will find on careful investiga¬ 
tion, the cylinders and pistons in the majority of 
$500. to $1,500. cars to fit very poorly. The 
cylinders are reamed and you know the effect of 
reaming and the experience any one has with a 
reamer large or small. It is impossible to make 
a straight and. true hole in the majority of cases. 
We believe this investigation is worth your time 
and attention. You will find the average car 
manufacturer and service station attempting to 
get-by with leak-proof type of rings and claims 
of other causes for an unsatisfactory engine, but 
our experience has been the majority of the 
causes of missing of cylinders, over consumption 
of gasoline and oil, lack of power and snap, and 
inability to make proper carburetor adjustments is 
due to improper fitting of pistons to cylinders and 
bad cylinders. Please do not understand we are 
knocking on the engine builder of to-day, we are 
not. This is simply facts which every one in the 
game has to contend with. For this reason we 
regrind the cylinders and grind the pistons in¬ 
dividually." 

The following is a statement from the Marvel 
Machinery Oo., Minneapolis Minn., (see also chart 
247-H): 


"Reaming is all right if you are working on a 
very thick heavy cylinder wall and where you are 
trying to do the work fast and as economically as 
it is physically possible. Boring, on the other 
hand, with the proper tools, can be done per¬ 
fectly on a very thin cylinder wall. It also leaves 
the cylinder walls in a much better condition than 
reaming. Besides, you are able to secure a closer 
micrometer accuracy by re-boring than you can 
by any other method of trueing up cylinders." 


The Universal Tool Oo., Detroit say: 

"Our cylinder reboring tool which weighs com 
plete but 60 lbs. will rebore a cylinder from start 
to finish and will give a perfectly round section 
as near as is possible in commercial practice with¬ 
in 0.001 in. of roundness, and capable of taking as 
much as 1-16 in. oversize in one operation." 

Q.—What is the extreme amount of metal which 
can be removed from cylinder in grinding or 
reboring f 

A—Varies from .020 to .125 in. Dependant 
on the original thickness of metal comprising the 
cyl. walls when made. Just as little as possible 
to insure roundness. 


♦Piston Rings. 


A piston must be fitted with piston rings. 
The piston itself is slightly smaller than 
the bore of the cylinder in order that it 
may move up and down easily. The rings 
are fitted in grooves as shown in figs. 4 and 
6, page 74. See also page 649. 

There are usually three rings to a piston 
which are fitted above the wrist pin, some¬ 
times there are four rings, one placed be¬ 


low the wrist pin center. (see fig. 6, 

page 650.) 

A concentric and eccentric ring is ex¬ 
plained on page 661. 

The grooves in which the rlngB fit an 
slightly larger than the ring, in order that 
the ring may have room for expansion. If 
the groove is too large, the compression wiM 
leak between the groove and the ring. 


*S«p foot note bottom of page 655 for size of piston rings used on leading cars 
**The meaning of 1st, 2nd, 3rd and 4th is this; if cyl. is scored or cut, say .009 inch deep, then 
i! 0 * 6 • .010 inch oversize piston. If cut .011, then bore it for a piston .020 inch—but not 

between the two. In other words quite a number of auto manufacturers furnish pistons larger 
than their standard product by increments of .010 inch, thus making it possible to regrind scored 
or worn cylinders to these 8. A. E. standards and procure pistons from stork. K 

*A re-boring attachment can be secured of the South Bend Lathe Works for use on South Bend Lathes 

u A a lrc ,Y lft £ d< ? cr T lp j ive of . thi8 attachment can be secured by writing to 
the South Bend Lathe Works, South Bend. Indiana—if you mention thiB book. 
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Tlie expansion of piston rings is very 
necessary. If the expansion is not equal 
at every point of the circumference the gas 
will blow by the uneven space. 

To permit the ring to expand, a gap or 
joint is provided as shown in figs. 5 and 6. 



Pig. 6—Step cut piston ring with stepped or 
lapped joint which prevents leakage of pressure 
at the joint. 

Note eccentric shape of ring. If conoentrlc it 
would be same thickness all tne way around. 



Fig. 6—Mitre cut piston ring with a short bev¬ 
eled joint. (Note the long bevel joint on the In* 
land—opposite.) Easier to make than the 
Inland type, but not quite ao effective in prevent¬ 
ing possible leakage. 

Piston rings working around in the 
groove: It is not an unusual experience to 
find a set of piston rings possessing a pe¬ 
culiar weakness for working around the 
grooves till the slits arrange themselves 
more or less in line. 

It is a common belief that if the Joints 
come in line an escape of explosion pressure 
from the combustion chamber to crank case 
is bound to occur. This is not always nec¬ 
essarily the case. It must be remembered 
that if the rings are made the correct Bize, 
the ends should close up, certainly to within 
1-64 of an inch, when the ring is in the 
cylinder. There is not, however, much of a 
passage for an escape of gas; and then 
there are also the walls between the other 
grooves interposing between the joints. 

If the ends of the rings do not meet, then 
a leakage of some consequence may occur. 
The piston itself does not make as close 
contact with the cylinder bore as the rings; 
hence if there is an appreciable width of slit 
existing in each ring, it is not difficult to 
eee that some of the high pressure gaB might 
worm its way into the crank ease. It 
is rather a puzzle why the rings should 
move round at all. One theory iB that the 


explosion communicates a very minute (al¬ 
most imperceptible) rotative movement to 
the ring, and a slight escape occurs to the 
others, and so on, the path of escape tend¬ 
ing to shorten itself. 

Pinning the ring with small pins about 
120 degrees apart, and then very carefully 
notching the ends of the rings with a very 
small round file, so that the semi-circular 
notches just dose over the pins is one 
method for preventing the rings working 
around in its groove, (see fig. 3, page 668.) 

Care should be taken that the pins are 
screwed tightly into the piston and do not 
stick out as far as the surface of the rings, 
otherwise they will be very liable to damage 
the cylinder. 

tImproved Bings. 

Since the advent of the patented ring, 
pinning is not necessary as it is claimed 
the gas cannot 
pasB this ring at 
the joint or else¬ 
where. The illus¬ 
tration shows four 
popular patented 
rings; one called 
the Leak Proof, 
another the Inland 
another called the 
Burd High Com¬ 
pression and an¬ 
other called the 
Harward. There 
are many others. 

The Leak Proof 
is of two parts, 
whereas the In¬ 
land is made of 
one piece with a 
long joint, t 

There is one point to consider however, 
in using rings of this kind. They may pre¬ 
vent lubrication from reaching the upper¬ 
most part of cylinder and result in a scored 
cylinder wall. Therefore it is sometimes 
advisable to first try one ring of the gaa 
tight style and place it at the top and then 
see if the results are satisfactory. Bee if 
compression is satisfactory and if an excese 
of oil passes—providing this was the trou¬ 
ble before fitting the rings. 

Newly fitted rings also require careful 
running and plenty of oil until worn in. 



Piston Bing Leaks; Cause and Effect 


If the rings are not equal in expansion 
on all of its surface and does not fit true 
tu the cylinder, the result will be loss of 
compression, hence a loss of power. An¬ 
other result will be a smoky exhaust as ex¬ 
plained on page 202 and 652. 

Under the head of * * Compression ’ ’ the va¬ 
rious causes for leaks were enumerated. 

Leaky piston rings cause the loss of com¬ 


pression by permitting the compressed gas 
in the head of cylinder to pass between the 
walls of the cylinder and rings. 

If the rings are in good condition they 
will be smooth and shiny, as will also be the 
cylinder walls. 

If the rings are dull and dirty in spots 
and streaks, it will indicate that the flame 
from the combustion passes between the 


*81se of piston rings used on Leading Cars can be determined by referring to the bore of the dif¬ 
ferent engines under "Specifications of Leading Oars*' (charts 229 to 284). Those sites used most 
should be carried in stock. Charts 247A and 247BB. $See advertisement. 

tSeo page 609. A late model ring made by the McQuay Norris Oo., St. Louis, mnfg'r of the "Leak- 
Proof** ring, is called the "Superoyl" ring. A small oil groove or reservoir is cut around the lower 
edge of ring. It is intended to be installed in the top groove of each piston. It is a concentric 
ring with an oil reservoir cut into it at an angle of 45 degrees from the intersection of the cylinder 
wall and the low*r groove bearing face of the ring, thus providing a scraping edge. 
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rings and cylinder wall, leaving a sooty de¬ 
posit, as will also the compression pass, 
reducing the power of engine. 

Causes of Leaky Piston Bings. 

(1) Bings sticking In their grooves be¬ 
cause of gummy deposit from lubricating 
oil; rings that are stuck in their grooves 

Testing Piston Bings 

In order to find out if the rings leak, try 
the piston and see if the gas is escaping 
through the rings into the crank case. This 
can best be accomplished by removing the 
lower part of crank case, after which turn 
the crank so that the piston makes its com¬ 
pression stroke, and listen for a bubbling 
sort of hiss in the crank case. Test each 
cylinder separately by opening the relief 
cocks in the cylinders not being tested. 
First determine which cylinder it is that is 
leaking. There is no mistaking this sound, 
since the crank chamber acts as a resonator, 
and even the slightest leakage is distinctly 
audible (also see page 629). 

If the sound of gas escaping past the pis¬ 
ton continues for an appreciable time (up¬ 
ward of a minute or so) the chances are that 
the use of an oil of slightly heavier * 1 body , 9 9 
for cylinder lubrication, will cure the fault. 

However, If the escape Is of short dura¬ 
tion, the matter is more serious, involving 
as it may a cracked piston, scored cylinder 
walls, or broken, warped or gummed rings. 

If this is suspected, flush out the cylinder 
combustion chamber with an oil-gunful of 
gasoline, making no attempt to fully remove 
the liquid. Again put the piston on lower 
dead center, and with the aid of an electric 
lamp and a small mirror, observe the bub- 

Bemedylng Piston 

Gummed rings: After long periods of 
running, a deposit of charred, or partially 
charred lubricating oil is liable to form be¬ 
hind the ring and interfere with its free 
movement; it is a good plan, therefore, 
when overhauling the engine to slip off the 
rings from the piston and thoroughly clean 
out the grooves. 

A kerosene oil treatment to loosen rings: 

I have known engines to lack power from 
merely the rings becoming gummed up. 
This trouble can be remedied by first run¬ 
ning the engine until it is warm, then stop, 
take out the spark plugs, fill each cylinder 
full of kerosene by pouring the kerosene 
through the spark plug holes. 

Plug up the holes with old spark plugs 
and then crank the engine several times 
by hand so that the oil will work its way 
down around the rings; leave this oil in 
oyer night and next morning crank the en¬ 
gine quite a number of times until you think 
the oil has passed into the crank case. Drain 
the crank case. After draining and putting 
in fresh lubricating oil, start the engine. 
The engine will smoke considerably to be¬ 
gin with, but this will soon pass away. This 


will usually not press against the cylinder 
walls, (2) rings may have become broken, 
(3) the joints of the rings may be in line 
allowing the compression to escape, (4) rings 
may be worn or cut from lack of oil, (5) 
rings may not be wide enough, for the 
grooves, (6) the oil pressure may be too 
great and oil of too thin a body used. 

and Cylinder for Leaks, 
bles caused by the escape of the gas about 
the lower edge of the piston. There win 
naturally be no bubbles at this point, if 
the piston head is fractured, but it may be 
possible to see the crack through which the 
leakage occurs. At any rate, if enough 
gasoline has been left in the cylinder, one 
will be able to see it trickling down the 
connecting rod or inner piston walls, should 
such a crack exist. 

If the cylinder walls are scored, one will 
see the liquid at but few points about the 
lower edge of the piston, and, as the gaso¬ 
line washes the oil away, possibly the score 
marks also will be seen. 

In case the trouble is with the rings, the 
bubbles will be more evenly distributed 
about the periphery of the piston and will 
be all of about the same size. Should this 
latter be the condition, the use of a kero¬ 
sene injection (about an ounce each night 
after running the car into a garage) for a 
few nights will in all probability, eliminate 
the leak if the rings are only gummed. If 
this latter is not effective, the job is one of 
replacing rings. 

If the gas is escaping through the rings, 
then it will be necesary to take out the 
pistons and look at the rings. If there is a 
black spot on the rings, it is evident that 
the gas has been escaping at this point. 

Bing f Troubles. 

will not only loosen up the rings, but will 
also clean any carbon that may have become 
deposited in the combustion chamber. This • 
treatment oftentimes saves the trouble of 
fitting new rings, and in some instances will 
make a marked difference in the running of 
the engine, (see page 201). 

If the ring Is broken or it Is dull and dirty 
in spots and streaks (see page 665), then 
a new ring or rings must be fitted. 

If ring Is cut or scratched, a new ring is 
necessary. 

If walls of cylinder are cut or scratched, 
then rebore, grind or ream, as per page 669, 
and fit oversize rings as per page 609. 

If the ring has lost its tension and does 
not spring freely against the walls of the 
cylinder, then it must be treated as shown 
in fig. 3, page 667. 

Bemedylng Excessive Smoke. 

As previously stated, if the rings lie 
leaking, an excess of smoke will pass out 
the exhaust, caused by oil passing the riags 
and entering the combustion chamber, see 
pages 202 and 653. 
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Removal of Rings. 

The removal of rings from piston grooves 
Is not difficult If a little forethought Is taken: 
to open them it is best to use a pair of very 
thin jawed pliers, the jaws opening out¬ 
ward, (see fig. 11) a substitute for pliers 
can be made from iron wire. 

When the ring is slightly expanded by 
the use of special pliers, similar to those 
shown in fig. 9, 
page 659, a nar¬ 
row slip of very 
thin metal, (tin 
or brass will do) 
should be pushed 
through the open¬ 
ing and worked 
to the opposite 
side of the slot; then if the ring is opened 
a trifle more, an additional slip of metal can 
be placed near the ends of the ring, when 
it can be worked off quite easily and with¬ 
out any risk of breaking it, such as an 
attempt to expand it larger than the piston 
diameter would do. 

It Is a good plan to marie each ring for its 
own groove, and also when they are not 
pinned, to mark just where the slots should 
come on the piston, (see chart 261.) 


Poenlng Piston Rings. 

This operation is for a ring which has 
lost its tension. A poening hammer should 
be used instead of the various flat-headed 
types that are used at times for poening a 
piston ring. The metal may be more readily 
distributed by the blows from a poening 
hammer, which can be directed better, since 
the head is so designed that a large part 
of the surface is not covered at one time 
nor struck by any single blow. In this 
manner slight changes in the shape of the 
metal may be made 
without distorting the 
metal in any way. It 
is very important in 
any poening opera¬ 
tion that the surface 
upon which the ham¬ 
mering is done be as 
flat and hard as pos¬ 
sible, for any irregu¬ 
larities in the shape 
of the surface plate 
Fig. 8—Poening a pie- will be just as effee- 
ton ring. tive ea using dis- 

tortions as a blow from a badly shaped 
hammer. A good method of providing such 
a surface plate is shown in fig. 3. 




♦Fitting Ring 

tAfter having selected a set of rings, the 
first operation is to fit them into the cylin¬ 
der. Taking one of the rings, try very 
carefully to shove it straight in, concentric 
with the cylinder walls; if the .ring is of 
the diagonal slot type (fig. 6, page 655) 
and its diameter a little large, the ends wifi 
run upon each other, throwing the edges out 
of line; while if a ring with step-cut 
overlapping ends is used, such as is to be 
found in some engines, it will not go in 
at all, therefore ring ends must be filed. 

A very simple and effective means of hold¬ 
ing a ring for filing is shown in fig. 1. The 
ring is placed on a block of wood and a few 
small nails driven into the block both in¬ 
side and outside of Jthe ring in such a man¬ 
ner that the ring is held securely in place 
for filing. The heads of the nails are then 
cut off, the ring 
removed, and the 
nails filed down so 
that they will ex¬ 
tend just below 
the top surface of 
Fig. l. —the ring when it 
is replaced on the block. With the nails 
well placed, there will be no danger what¬ 
ever of breaking the ring when filing. A 
thin, smooth, flat file is best for this. 

The ends must be trimmed off so that 
when the ring is well up Into the cylin¬ 
der there will be a space about .004", per 
inch of cylinder di., between ends, per fig. 
5, page 649, to allow for expansion caused 
by heat of the explosions. The groove on 
the block shown in fig. 1 is used when re¬ 
ducing the diameter of diagonally-slotted 
rings. 



to Cylinder. 

Try each ring in the cylinder, being sure 
to have it placed about % inch from 
the bottom all the way around, then meas¬ 
ure the opening in the ring. Piston rings 
should have not more than 1-64 in. opening 
to have a good fit. If it is more than this, 
compression can easily escape.! 

The ring should be repeatedly tried in the 
cylinder In order that the space is not filed 
to exceed the dimensions stated. The in¬ 
side portions of the rings near the ends 
should rest against the nails in order that 
they may not be broken off when filing the 
slot. Having attained the proper space be¬ 
tween the ends of the ring, now place a 
light in the cylinder behind it and see how 
its face conforms to the wall of the 
cylinder. 

Testing a Ring to Cylinder. 

To work or lap a ring to fit cylinder: make 
a plug of yellow pine (fig. 4) to fit easy into 
the cylinder and square one end. Lay the 
ring on this end with a small batten across, 
secured by a screw through the center, but 
not holding the 
ring tightly. 
Smear the bore 
as evenly as pos- 
Fig. 4 —A handy device sible with a little^ 
for testing and fitting the vermilion and lu- 
piston rings in cylinder. .... _ , , 

This device consists of a bncating Oil 
round block of wood with mixed to a paste, 
handle on one end. The move the ring 

piston ring is placed on , - . ® 

the other end and is to and fro in the 
placed in the cylinder and cylinder while 
worked back and forth: h^d square by the 

plug. Generally, it will be found to .bear 
hardest at each side of the slot. File such 
places carefully with a smooth file. 



♦To renew rings requires no particular skill. They are nsnally allowed to run themselves in. It is 
better however, to lap them in, as explained on pages 650, 649. The regular piston should never 
be used for lapping rings. tSee also, page 649, fig. 5, for ring opening clearance. 
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if one part of the ring fits and another 
part does not, the high spot shows up when 
the ring is dipped in gasoline and then rub¬ 
bed with cloth. The high spot will be more 
shiny than the rest. 

When the ring fits well all around, the 
overlap of the ends should be absorbed; if 
not, file them until the edges have about 
1-64 clearance when the ring is in the cyl¬ 
inder. 

If the ends of the rings be hard butted 
against one another when in place in the 
cylinder they may be buckled by expansion 
when hot, and make starting a two-man 
job; therefore, file them as shown in fig. 1, 
page 657 and be sure there is a clearance. 


If there is a contact all around, when 
testing rings in the cylinder, the- ring is 
tften ready to be fitted to the piston; but if 

the contact is 
poor, either the 
ring or the cyl¬ 
inder is out of 
round, leaving 
space betwees 
cylinder wall 
and the ring, 
as at C and P in figs. 2 and 2G. If the fault 
lies in the ring, the face can probably be 
dressed down to fit, or another selected; but 
if the cylinder is badly out of round, it will 
have to be rebored or reground, or both, as 
the case may be, or (in extreme cases) re¬ 
placed with a new cylinder. 







♦Pitting Rings to Piston. 


fWhen the rings have been fitted to the 
cylinder, the next operation is to fit them 
In their respective grooves on the piston. 
As regards the fit of the rings in the grooves, 
they should be just a free fit, neither tight 
enough to jam, nor slack enough to rock. 

Tight rings may be eased by grinding or 
lapping the edges on a sheet of fine 
emery or crocus cloth, fastened to a piece 
ef board planed quite flat. The ring is 
gently rubbed backward and forward with 
a downward pressure, (see fig. 3.) 



Fig. 8—Method of dressing or lap¬ 
ping piston ring to fit the groove in 
piston on a surface plate. 


*I«applng should not continue for a long 
period on one side. The ring should be 
turned over occasionally. After lapping, 
the ring should be immersed in clean gaso¬ 
line and fitted to the groove. Not any 
groove, but the groove which it nearly fitted 
before. If every part of the circumference 
of the ring fits every part of the groove 
then lapping is complete and the ring may 
be tagged to designate its location. 1-1 on 
a tag is made usually to represent first cyl¬ 
inder, ring number 1. Ring 1 is. that near¬ 
est the top of the piston. 

To properly dress down a ring requires 
some skill, and a good mechanic will select 
a ring which will demand the least amount 
ef trimming, for it is a delicate operation. 

Most manufacturers now cut the grooves 
in the piston, and grind the face and edges 
of the rings to a gauge, making very little 


hand-fitting necessary. But there are cases, 
(and these are the ones that generally come 
into the repair shop) where the cut was 
just a trifle larger, or the ring a little smal¬ 
ler than the gauge, making it essential that 
each ring be individually fitted to the 
groove in which it shall subsequently rest. 

When fitting rings in the grooves, begin 
with the ring selected for the bottom groove, 
so that ring will be the first to be slipped 
onto the piston. First try the ring without 
slipping it over the piston by inserting it in 
the groove and rolling it around its cir¬ 
cumference, to see if groove is deep enough 
and wide enough at all points.t 

It should fit snugly, as at A, fig. 2-A, but 
still be free to slide in and out easily; if it 
binds in any place, apply a thin film of red 
or black lead or Prussian blue in the same 
manner as used in scraping bearings, to 
locate the high places, then dress down with 
a smooth, flat file and try again. When 
filing is necessary, it should be confined to 
one edge in order that at least one good edge 
is retained, for it is almost impossible to 
secure as regular a surface with a file as 
that made by a grinding machine or on a 
surface plate. 


An example of ill-fitting rings is shown 
at B. fig. 2B t and in fig. 2C above. The 
space C shows that the 
ring was sprung in put¬ 
ting it on the piston. 

Having fitted one ring, 
put it in place immedi¬ 
ately and repeat the op¬ 
erations with the next ring. See fig. 12, 
page 659 for slipping rings in grooves. 

After fitting new rings engine will re¬ 
quire considerable running with plenty of 
good oil to properly work them in, before 
the engine will give its proper power. 8ee 
also pages 793, 203, 507, 589, 643. 



♦When fitting patented rings remember, if the rings are absolutely tight they might prevent lubri¬ 
cation altogether and cylinder would run dry. Therefore many place merely one patented ring 
in the top groove and the regular rings in the other grooves. 

The patented type of ring requires very little lapping by hand. When put in the cylinder, the en¬ 
gine is allowed to run by belt a few hours, you will find that that is all the lapping that is neces¬ 
sary, unless of course, the cylinder is scored or badly out of round. In such cases, the proper 
remedy is to have the cylinder rebored, and new oversize pistons made and piston rings made te 
fit the new diameter of the cylinder. 
tSee also, page 649. 
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Fig. 8—A serviceable 
device (O) for compres¬ 
sing rings when fitting 
piston (P) to cylinder. 
Especially adapted for 
Ford pistons which are 
not champfered. 

This tool is bored with 
a long gradual taper 
which allows the open 
rings to enter easily at 
the top. It is placed in 
position over the cylin¬ 
der, and as the piston is 
forced downward into 
place, the rings are 
gradually compres sed 
sufficiently to enter the 
cylinder. 



Fig. 10—Method of re¬ 
placing a piston In the 
cylinder with a string 
holding the ring in its 
groove. 


Marking Piston Bings When Removing. 

The amateur or junior repairman who removes the piston rings from s 
piston for the first time; either for examining the piston-ring slots for sand- 
holes or wear, or for cleaning the rings and slots, generally neglects to 
see that the rings are marked so that they may be replaced in their proper 
grooves. The result is that considerable difficulty often is experienced 
In getting the rings back into the piston in good order. To avoid this, one 
foreign manufacturer of motor cars, marks the piston rings as indicated. 

The ring in the top groove of a piston has one notch N in the upper, inner 
edge, opposite the diagonal (D) where the ring is thickest. This notch is made 
with a file and is very small, so as to be just visible, but at the same time not 
deep enough to weaken the ring. In a similar manner, the next ring below it 
is marked with two notches and the third ring, with three notches. If more rings 
are used a corresponding number of notches are employed to mark them. With 
rings thus marked there should be no difficulty in getting rings replaced in their 
proper grooves. Oare should be taken, however, when the rings from more than 
one piston be removed at the same time. In fact, it is advisable, to remove* 
clean and replace the rings of one piston, before removing the others. 

Pitting Rings to Grooves of Pistons. 

Fig. 12—A quick and safe method of slipping rings into the grooves is shown 
in fig. 12. Take three strips of sheet metal, brass or tin (S), for instance, about 
Vfa inch thick, % inch wide and 5 inches long; bend these at right angles and 
han£ them on the edge of the piston at equal distances apart. The ring (R) may 
then be slipped over these skids till it is opposite its groove, when the strips may 
be removed and the ring allowed to slide into place. Install ring in lower groove 
first and work to top groove last. The same strips may also be successfully used 
in removing the rings. (See page 649, how to measure ring clearance.) 

When fitting rings place the best fitting ring at top, so that oil below it cannot 
be consumed by the high temperature of the exploding gas. If fire flows past the 
rings into the crank case, oil will be burnt off of the piston and cylinder wall, 
causing it to become scored even though your oiling system might be working 
perfectly with the best grade of oil. 

When placing the rings on the piston ready to replace the cylinders they 
should be set with the joints (if it is a piston with three rings) about one-third 
way from each other, so tlgrt the openings will not come in a straight line or be 
elose together. 

Replacing Piston in Cylinder. 

Before putting pistons into cylinders, oil (cyl. oil) inside of cylinder and in¬ 
side of piston as oil wiU not have a chance to reach upper portion when first starting. 

When replacing piston in cylinder, some device must be provided for holding 
each ring in its groove so it will easily enter the cylinder. A string may be used 
to advantage, as shown in fig. 10. A better method however, is shown in fig. 8. 

Replacing cylinders over pistons: It is not difficult to put a single cylinder 
back on its piston after it has been necessary to take it out, but it is not so 
easy when the cylinders are cast in pairs, as it is difficult to guide the rings 
into the cylinder barrels simultaneously. The job is greatly simplified by taking 
the precaution to place the cranks up and down, so that one piston is at its 
highest point and the other is at its lowest. This means that the pair of cylinders 
can be dropped straight over the pistons, the rings of the upper piston being guided 
into the cylinder before those of the lower piston are replaced. When it comes to 
dropping one of the mono-block castings of four cylinders on to four pistons, it 
is still best to work this way, .so that only one other pair of hands are required 
and that the two upper pistons may be guided into their cylinders first and 
then the two lower ones. 

Koto: When reinstalling a piston be careful not to push It up Into the cyl¬ 
inder as far as it will go, the upper ring may jump over the valve opening, holding 
the piston until the ring is released which is a difficult task to remedy. 

Don*t Bend Connecting Rods 
When Replacing Cylinders. 

Incidentally, it would be 
well to note that many times 
knocks that develops in en¬ 
gines (after same have ap¬ 
parently been thoroughly over¬ 
hauled), is often due to the 
fact that the connecting rods 
are slightly bent sidewise, 
out of true in fitting cylinders 
down over the piston. One cyl¬ 
inder will get a slight lead, or 
one ring does not properly en¬ 
ter, cylinders are twisted and 
in an effort to align them, 
rods are bent. When engine Fig. 8—One method of n«t«g up pistons and 
is finally assembled it is connecting rods of block type engines. 8- 

very noisy, due entirely to represents a square placed alongside the 

the fact that one or more ef connecting rod C to determine whether it 

the rods have been bent side- is true or not. (see also page 649.) 

wise, and when the force of _ A _ _ _ , . 

the explosion is exerted on the To test its alignment, place the U frame 

piston head, the wrist pin end over it as shown, so that center of piston is 

of the connecting rod is driven in line with center mark on cross member, 

side-wise against the piston When distances A and B are equal, piston is 

boss. See foot note bottom of true ®nd square. See also page 646, figs. 1 

page 649. and a °d foot note page 649. 



3HART MO. 201—Marking Piston Rings. Lining Up Pistons and Connecting Rods. Applianc 
Tor Removal and Replacement of Rings. See page 649; how to measure piston and ring clearance. 
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Cone Clutch Adjustments. 

The adjustments are with dutch springs (fig. 10), which tend to keep 
the clutch engaged. While it is possible to adjust these springs te 
avoid shifting, the tension should be as little as possible. Tightening 
the springs too much will not only make clutch hard to disengage, bat 
will tend to make the clutch 4 ‘grab.” Adjustment Is made by Increas¬ 
ing or decreasing the spring tension of the three dutch operating 
springs, by advancing or backing off the nuts on clutch springs. (On 
some clutches spring is on the clutch shaft per fig. 2, pages 664 and 665.) 

The dutch pressure or plunger studs (fig. 10) consist of six small 
spring mounted clutch plungers placed under clutch leather, which raise 
it at various points and allow gradual engagement of the friction sur¬ 
faces. Should these plungers become fast in their guides, or should any¬ 
thing prevent the leather over these plungers from first coming into eon- 
tact with the seat in the fly-wheel before the entire surface engages, 
4 'grabbing" will result. They should be adjusted so that with dutch 
in complete engagement approximately remains between the adjust¬ 
ing nut of the plunger stud and guide to cone. 

Clutch rollers (fig. 10), which by pressure upon dutch yoke 

disengage the clutch frem fly wheel should be kept well greased—see ales 
fig. 19, page 666. m 

Ball thrust bearings (fig. 16, page 661), should be supplied with oQ 
by placing oil can spout through spokes of clutch drum. 

Clutch brake—is for the purpose of keeping the clutch from spinning 
when thrown out. See fig. 10, it consists of a small spring mounted fibre 
pad attached to left of frame, against which the clutch cone strikes when 
disengaged. It should be so adjusted that when pedal is pressed 
half way down the cone should just begin to come in contact with it, so 
that by time pedal is all way down, the spring on clutch brake will be 
fully compressed. 

To remove or replace clutch spider or cone; see fig. 17—the three dutch 
springs are very powerful. A simple method of compressing the springs 
so that the nuts can be put on or taken off is explained in illustration— 
see also figs. 1 and 2, page 664 and page 665. 

Before clutch can be removed, it will be necessary to remove the uni¬ 
versal joint and parts adjoining the dutch. 


Fitting New Leather To Cone Clutch. 

Tia of coTn- First irar ® that replacement Is necessary. See pages 661 and 662 and 

pressing clutch spring to re- note the cause8 °* trouble. 

move or replace nut—see If leather Is worn or rivets project, then it will 

also fig. 8, page 647. be necessary to remove clutch to either replece 

- — —— * r - — — -leather or drive rivets down below the surface of 

the leather. 

—-- If a shoulder of about Vie or Vfe" has worn on 

^ N. leather, then by carefully trimming it off with a 

Xy/X file or rasp will permit cone to go further into fly 

. 38 *. w h«d and may be all that is necessary—together 

-■-- —f -— 3 with cleaning the whole surface of leather and re- 

/ / moving oil or glaxe and then applying Neats foot 

Q / / or castor oil dressing. 

UPC / 

/ / * If however a new leather is necessary then pro- 

3 qJL radios cure it of the dealer of the car if possible. It comae 

An/ cemented ready to apply and can be slipped over 

/y cone and driven into position with a mallet or pieoe 

/ / of wood. 

// If yon must make the leather facing, then first remove the old 
/ / leather by cutting the rivets with a chisel and hammer. Then 
procure first class unstretchable leather belting (or chrome tanned 
leather) thick for the new leather. 

The leather should be first cut as shown in fig. 8. 
j \ /' Then place the leather over the clutch cone in the correct position 

. '' _ \ /•' and draw it as tight as possible. The leather, if cut as shown, will 

vtnr<f£*D% \ / lap f rom 8 to 4 ". 

Fig. 8 — Gutting a \/ Mark on the inner side of the lapped leather the end of the first 

dutch leather for the turn which lies against the cone. Next remove the leather and mess- 

Overland roadster dutch, ure back or toward the long end of the leather % of an inch. Meas¬ 

ure back from the unmarked end of the clutch leather 8" and bevel 
the leather off as shown in the illustration. Add 8" to the corrected 

-WlHr ^ ^ length of the leather and bevel this end as shown. 

The leather may now be cemented and after it is thoroughly dried 
- j may be installed. Always put rough or flesh side on outside. 

V r For the kind of cement to use, ask a harness maker. 

^ J Before a new clutch leather is installed, it should be thoroughly 

“ soaked in Neat's foot oil and stretched tightly over the dutch face, 

4 4, Before the leather is fastened to the clutch drum, the "clutch plus- 

' Fig 12. gers" (or pressure studs) should be forced in below the surface of 

io a the clutch cone and held in this position by the clutch plunger ad- 

fo££* i ntt ‘» be .crewel up on t£ .tern of th. P p^r“ 

cone by drawing cone into Ft by a In riveting the leather on to the cone, extreme care should be el- 
bolt as shown. A small amount of ercised to see that the rivets are properly clinched or turned over 

shellac is applied to the clutch and on the inside of the clutch coue and that the heads are driven late 

allowed to set before the stud nut the leather of the clutch face until they are well below the surfaco. 

is loosened. After this leather pegs Unless this is carefully done, the clutch will "grab" or engage 

are used to complete the bond be- suddenly with consequent disastrous results, (see also page 664 

tween leather and clutch. (Motor.) fitting clutch leather to Chevrolet cone dutch.) 


wnry'/Msa \ 

Fig. 8 — Gutting a V 
dutch leather for the 
Overland roadster clutch, 
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- ««• 12—A suggested method of 
forcing a new dutch facing on a 
cone by drawing cone into it by a 
bolt as shown. A small amount of 
shellac is applied to the clutch and 
allowed to set before the stud nut 
is loosened. After this leather pegs 
are used to complete the bond be¬ 
tween leather and clutch. (Motor.) 


CHART NO. 26a—Cone Clutch Adjustments. Fitting a Cone Clutch Leather. Overland Roadster u 
an Example—see fig. 4, page 647 and fig. 19, page 666 for Overland 76B. 

*An alternative sometimes used for older makes of various cars—is "raybestos" strips as used for brake 
Tt is made m parallel lengths and riveted to cone in six or eight sections, the edges being cut at a alight aside 
ccordmg to the diameter of cone. • 
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INSTRUCTION No. 46-A. 

REPAIRING AND ADJUSTING CLUTCHES, TRANSMIS¬ 
SIONS AND AXLES: Cone and Disk Clutches. Remov¬ 
ing Wheels and Shafts from Rear Axles. The Differential. 

*Gone Clutch Repairs. 


Clutch—How to Use Properly. 

The clutch on an automobile snould be 
either in or out absolutely. 

Many good drivers make it a plan to 
keep their foot off the clutch pedal while 
they are driving. The weight of. the foot 
on the pedal and a little nervous tension 
in the driver’s leg is sometimes just suffi¬ 
cient to hold the clutch out just far enough 
to “slip it 1 ’ on a hard or sudden pull. 

Another good way to spoil a clutch is to 
throw it out in traffic until the car comes 
almost to a standstill—then to speed up the 
engine and slip the clutch in with the gear 
shift lever still in high speed. 

When the car slows down with the clutch 
out, the gear lever should be slipped to sec¬ 
ond speed and if the car comes to a full stop, 
to low speed. 

Another important jwlnt in driving is to 
learn to engage the clutch gradually and not 
to “bang” it in with the engine racing. 


It is always better to run on the engine 
as much as possible, throttling it down in¬ 
stead Of constantly throwing “out” the 
clutch. 

A well adjusted clutch takes hold gradu¬ 
ally, does not slip after it has come to a 
seat, and releases instantly when the pedal 
is depressed. 

Parts of a Cone Clutch. 

Cone; leather facing over cone; *clutch 
springs which hold the tension of cone to 
fly wheel; pressure or plunger studs which 
are spring mounted and placed under clutch 
leather at various points and allow gradual 
engagement of frictional surfaces. The 
“grabbing” feature is eliminated by the 
use of these plungers, usually six, inserted 
under the leather as in fig. 4, page 666 and 
fig. 10. 660; clutch zollOQi on the shifter 
yoke; ball thrust bearings on clutch shaft; 
clutch brake which prevents spinning of 
clutch—see fig. 10, page 660 and fig. 16, 
below. 


Cone Clutch 

Cone clutch troubles are either fierce en¬ 
gagement or grabbing, slipping or spinning. 
The latter trouble makes it difficult to shift 
the gears of the transmission. 



Clutch leather dry or hard. This can be 
remedied by applying neats foot or castor 
oil by first cleaning leather with kerosene 
using an oil gun to remove any mineral oil. 

Clutch rivets projecting, due to wear of 
leather. Remedy by placing a center punch 
against rivets and hammer until below sur¬ 
face of leather. A grating or grinding 
sound mil indicate this trouble. 

Clutch lever linkages out of adjustment. 
The amount of movement between the sur¬ 
faces of clutch is small and it is important 


Troubles 

that no looseness exists in the pedal connec¬ 
tions. 

Excessive tension on spring clutch—if ex¬ 
cessive weaken the spring tension. Exces¬ 
sive tension also causes undue strain on the 
ball thrust bearings. 

Plunger studs improperly adjusted—the 
six small studs, fig. 10, page 660 should be 
properly adjusted—see page 660 and fig. 4, 
page 647. 

Clutch rollers may be worn, due to lack 
of lubrication. If run dry they are liable 
to seize and prevent clutch release entirely 
in which case new rollers must be fitted— 
see page 660 and fig. 19, page 666. 

Cause of Clutch Slipping. 

Burned or worn clutch lining—usually re¬ 
sulting from allowing clutch to slip when 
starting, speed changing and using clutch 
too much, instead of throttle while run¬ 
ning. Even though worn to a certain ex* 
tent Neats foot or castor oil will sometimes 
improve its operation. Otherwise a new 
clutch leather must be fitted. 

Clutch leather oily and greasy—the cure 
is to either wash the oil off by spraying a 
pint or so of kerosene with an oil gun, over 
the clutch leather, while holding the clutch 
out, or wiped off with a cloth moistened with 
kerosene and then dress leather afterwards 
with Neats foot oil. The oil can also be 
absorbed by using powdered Fullers earth or 
talc sprinkled over the surface and leave 
standing for a while. Don’t use dirt or 
sand—it will cut the leather. 


•The clutch spring can be arranged as shown in fir. 10, page 660, or as fig. 16 above, and fig. 2, page 665. 
See also pages 88, 647, 666 for cone clutch explanations and adjustments. 

See also pages 543 to 545 for type of clutches used on different cars. 
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Leather worn down—if it cannot be raised. 
enough by adjustment of the plungers, fig. 
10, page 660, then a new leather must be 
fitted. 

When the surface of the clutch and seat are 
new, they touch all over, but when worn, they 
touch on only the high places. If the surfaces 
touch in only a few places, they naturally can¬ 
not transmit the power that is possible with a 
good contact; they can be forced to transmit it 
by pressing ■ them more firmly together, but it is 
better to reface the surfaces. 

Clutch spring tension weak—tighten ad¬ 
justment, see page 660. If no adjustment 
nut on spring, place a washer between 
spring and its seat. Also examine the pres¬ 
sure or plunger studs, fig. 10, page 660. 

Clutch shift out of line—sometimes caused 
by two great a spring tension causing balls 
to break in thrust bearing and cutting ball 
race, lowering the clutch shaft out of line. 
Also may be due to a bent clutch shaft or 
clutch shaft out of alignment—see fig. 3, 
page 732. 

Bldge worn bn the rear of clutch leather 
—see page 660 for remedy. 

♦Clutch Spinning. 

When a clutch spins, when thrown out of 
engagement, it is # difficult to shift gears. 

Clutch spinning is often due to excessive 
friction in the spring thrust bearing (see 
fig. 16), though sometimes faulty alignment 
of the flywheel and clutch cone prevent the 
engaging surfaces from entirely clearing 
each other. A bent clutch shaft might be 
the cause of this. 

Sometimes the fault lies in the dutch, a 
heavy rim or cone will, store up energy and 
continue to revolve when disengaed. 

When a clutch spins from lack of align¬ 
ment or adjustment the remedy is obvious, 
but if the fault is in the design, a clutch 
brake (see fig. 16 and page 660, fig. 10), 
should either be fitted, or the clutch rim 
lightened by drilling or machining away 
metal at or near the outer circumference. 

Gone Clutch Lubrication. 

Lubrication of a cone dutch is usually at 


the rollers or dutch yoke and ball thrust 
bearings—otherwise oil should be kept from 
the clutch leather as much as possible as a 
leather faced cone is supposed to run dry, 
but yet kept flexible, which it can be by use 
of Neat’s foot or castor oil as explained. 

If Clutch Fails to Release. 

Usually termed as a ‘‘frozen clutch.” 
This may be due to rusty or tight pedal con¬ 
nections or loose pedal linkage connections; 
clutch yoke rollers run dry and sometimes, 
from too tight a spring adjustment. 

The amount of movement between the surfaces 
of a clutch is small and it is Important that no 
looseness In the pedal connections or bending of 
the levers should exist to prevent gradual engage¬ 
ment. 

A Clutch Brake. 

If it Is desired to atach a clutch brake or 
dampener as explained on page 660, to check 
the revolving of the cone, either cork or 
rubber can be fitted into a metal bracket 
and this bracket attached to the car frame. 

The position of the brake should be just 
to the rear of the clutch rim, against which 
the clutch will draw when the disengaging 
pedal withdraws the cone. 


Miscellaneous Clutch Pointers. 

Ilg. 1: A dutch or jack can be placed as shown 
to hold clutch out while working on it. 



Pig. 1. 


Fig. 2: The cone can then be 
turned by hand and Neats foot 
oil applied, or oil gun of kero 
sene for cleaning. 

S: An insect powder gun, 
filled with talc or powdered Ful¬ 
lers earth for temporary remedy 
of an oily slipping clntch or 
brake. 



Fig. 2. 



Fig. 8. 



Another Example of Adjusting 
Clutch adjustment. The only adjustment 
of clutch is the three coil springs **C M 
(fig. 17) which tend to keep the clutch en¬ 
gaged. While it is possible to increase the 

tension of these 
springs to 
avoid slipping 
of clutch, the 
tension should 
be as little as 
possible. 
Drawing the 
springs up too 
tight will not 
only make it 
harder to dis¬ 
engage, but will 
... , _ tend to make 

* lg ' 7 * clutch grab. 


a Cone Clntch—The Mitchell. 

Clutch pedal 
adjustment: 
The left foot 
pedal, which 
ac t u a t e s the 
clutch, can. bo 
adjusted for 
different posi¬ 
tions by adjust¬ 
ing the two 
r o d 8 connect¬ 
ing the clutch pull shaft with the clntch 
yoke, but care should be taken to see that 
both rods are adjusted the same (see fig. 18.) 
Care should also be taken that the rods are 
adjusted so that when pedal is depressed 
clutch will fully disengage and that pedal 
does not strike toe-board when clutch Is en¬ 
gaged. 



♦The shift of gears by gear shifting lever ought to be made without a particle of noise if clutch u 
thrown out when shifting. If there is noise, then it is usually due to clutch not being fully thrown 
out or dragging or spinning or transmission shsft, or transmission shaft out of line due to worn bearings. 
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♦Tbe Disk Clu^tch-Adjustments and Repairs. 


There are a number of cars in use having 
disk clutches on which the adjustment is 
made by means of a series of three or more 
separate studs or screws. Much trouble 
often is experienced by motorists who try 
to adjust this type without a knowledge of 
how it should be done. 

Adjustment Method. 

The proper way to adjust this type of 
clutch is to unscrew or release them entirely 
from contact with the plate or mechanism 
inside the clutch casing, then screw them up 
carefully with the fingers until each one just 
begins to touch, which is indicated by an 
increase in the effort required. When each 
screw or stud has been turned up so that it 
just begins to touch the plate or mechanism 
against which it bears on the inside of the 
clutch casing, then with the aid of a wrench, 
give each screw a half-turn forward and 
repeat, until the proper adjustment is ob¬ 
tained. The object is to give each screw 
the same number of turns and at the same 
time have them all move forward at practi¬ 
cally the same time. If one was to give one 
screw five or six full turns and proceed to 
the next one and give it the same number 
of turns, etc., until all had been turned up 
the same amount, the same results might be 
obtained; but it is most probable that the 
job would not be successful, and perhaps 
damage to the 1 internal mechanism of the 
clutch would ensue as a result of possible 
binding or cracking. On the other hand, 
if the studs were screwed alternately, little 
by little, but no care given to the relative 
number of turns given to each, the springs 
or operating mechanism would most likely 
bear unevenly upon the disks, and a jerky, 
grabbing or slipping action of the clutch 
would result. 

♦♦Slipping of Lubricated Disk Clutch. 

When an Inclosed disk clutch which runs 
in oil has been giving good service for a 
reasonable length of time and then develops 
a tendency to slip, or perhaps to take hold 
too fiercely, the trouble should not be taken 
immediately for an indication that the 
clutch is in need of adjustment. Before 
altering the adjustment of a clutch of this 
type, one should first drain out the old oil, 
inject a pint or more of kerosene, preferably 
with a squirt gun, then close the opening to 
the casing, start the engine, and with the 
gear-shifting lever in the neutral position, 
operate the clutch pedal so the kerosene 
may be thoroughly distributed and the in¬ 
ternal mechanism of the clutch well rinsed 
and cleared of old and sticky oil. Then 
drain the clutch casing, flush it out once 
or twice with fresh, clean kerosene, and re¬ 


fill to the required amount with clean oil. 

If after this treatment the clutch still 
slips, draw out a little of the oil and re¬ 
place the amount taken out with kerosene; 
by thinning the oil this way better contact 
between the plates is obtained and slipping 
is reduced. Unless the proper proportions 
of oil and kerosene are known, the lubricant 
may have to be thinned down gradually 
until the proper mixture is obtained; but 
once found, the extra trouble is rewarded by 
a fine, smooth action. 

Should it be found slipping cannot be 
eliminated by means of thinning the lubri¬ 
cant, then an increased spring tension may 
be required, which can be obtained by 
tightening or screwing up all adjusting studs 
evenly all around. It is good motor practice 
never to disturb an adjustment unless hav¬ 
ing an absolute knowledge of the operation 
and effect of the adjustment. 

♦♦Clutch Grabs or is Fierce. 

When a clutch of the disk type running 
in oil takes hold too fiercely, drain out the 
oil, rinse with kerosene as previously de¬ 
scribed, and refill to the required amount 
with clean, fresh oil; if this does not prove 
a remedy, readjust the clutch by loosening 
all studs entirely and then tightening them 
until best action is obtained. 

When clutch is new, there may be a slight 
tendency to slip, owing to the stiffness of 
the fabric with which the driving disks are 
lined. No adjustment of the sprihg is neces¬ 
sary to regulate this condition, as it will 
entirely disappear after the car has been in 
use a short time, therefore don't be too 
hasty in making adjustments. 

♦The Single Plate Clutch. 

Is the type of clutch which is most gen- 
generally used. This type runs dry and is 
the simplest of all clutches. Bee page 42 and 
page 668. 

tReplacing dutch Springs. 

In replacing a series of springs, such as 
dutch springs, it is usually advisable to 
compress the spring in a 
vise and then hold it in 
this position until it is 
put in place on the car. 
Under certain circum¬ 
stances the device shown 
will be found very con¬ 
venient. It holds the 
spring by friction, and 
consists merely of two 
clamping rings. As soon 
as the spring is in place the retaining screws 
are loosened and the tool is removed. 



Internal Expanding dutches. 


Internal expanding dutches, In which metal acts 
on metal, sometimes give trouble from the melting 
of the metal due to the heat of excessive slipping. 
This will lock the two parts of the clutch together 
so that pressing on the pedal will not release them. 

.To separate them, the engine must be stopped 


and the high speed gear engaged. The car should 
then be pushed forward and backward by hand, 
which will jerk the clntch and release it. 

The same trouble occasionally comes with fric¬ 
tion cone clutches that are too fierce, and they 
may be separated in the same manner. 


♦See pages 548 and 645 for types of clutches used on different cars; page 666 Hudson: 40 for Oadillac 
clutch and pages 42, 668 for single plate dutch. See page 667 for Reo clutch, pages 666, 932, Dodge. 

♦♦Usual cause of slipping of lubricated disk type dutch is dne to improper clutch spring or clutch 
pedal linkage adjustment which prevents dutch plates from engaging. If this type dutch drags, 
it is likely due to oil being too thick. If it grabs; likely due to lack of oil or improper dutch 
spring adjustment. See pages 668, 842 for adjustments and troubles of a dry disk type dutch. See 
pages 666 and 931 for Dodge dutch. • I 
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Evidence of Trouble. 

1—A heavy grinding noise when the cluteh is re¬ 
leased. This is usually caused by worn or broken 
balls in the clutch thrust bearing. 

8—Actual failure of the pedal to release or move the 
clutch or to come back into position when pushed 
out: This indicates that the clutch spring re¬ 

taining plug has become unsoldered and has un¬ 
screwed from the clutch hub. 

8-Excessive slipping of the clutch, that cannot be 
cured either by application of Neat's foot oil, if 
dry, or Fuller's earth, if slippery. 

The first necessitates a complete removal of the 
clutch, together with the flywheel and anchor 
stud; the second a removal of the clutch hub, 
and the third the removal of the hub and clutch. 

Procedure. 

1- Remove floorboards. 

2- Remove wiring running from battery to starter. 

8—Remove the three bolts holding V-brace to engine 

base and gearbox support and remove the V- 
brace. 

4- Disconnect brake rods from pedals. 

5- Remove bolts holding clutch release shaft to 
gearbox support and remove clutch release cross 
shaft, together with pedals. 

6- Remove bolts on rear clutch hub drive ring. 

7- Remove the four bolts holding gearbox to gear¬ 
box side arms. (Oare should be taken in remov¬ 
ing the shims under the gearbox, so they may be 
replaced in the same position.) 

8- Remove one bolt holding the left gearbox side 
arm (on the pedal side) to engine. (This per¬ 
mits the gearbox side arm to spring to one 
side in removing the gearbox.) 

9- Lift gearbox up and slide it forward. It may 
then be removed from the chassis. (A jack 
should be placed beneath the propeller shaft to 
hold it in place when the gearbox has been re¬ 
moved. In some cars it is necessary to spring 


the gearbox arms apart or to force the gearbox 
out with a jack.) 

10- Turn the flywheel until the hole passing through 
the clutch hub is at the top, and the clutch 
spring retaining pin is ip line with the hole. 

11- Using either the compressor shown in fig. 1 or 
1A; compress the clutch spring. The clutch 
spring retaining pin will usually drop out whsu 
over the hole in the housing; but, if not, may he 
driven out with a drift and hammer. 

12- Draw clutch spring out. 

13- Remove bolts holding clutch hub to clutch 
spider, and remove clutch hub. (This is neces¬ 
sary, as the hub would otherwise interfere when 
removing the clutch.) 

14- Pull clutch out. (This will take some little 
effort, as the gearbox arms squeese onto the 
clutch and must be sprung. But it can he 
pulled out.) 

15- Remove nuts holding flywheel to crankshaft 
flange and with a bar loosen flywheel and re¬ 
move. (It is advisable to mark the position of 
flywheel on the flange so it may be replaced U 
the same relative position.) 

16- Remove flywheel together with clutch spring 
anchor stud and place in on two boards nailed 
to the bench. 

17- Separate all parts and clean with gasoline sad 
waste: 

Clutch Troubles. 

Clutches of this type give but little trouble if 
properly used and the necessity for relining is only 
occasional. If slipping has been experienced and 
the leather is damp, it is usually because it has 
been soaked with mineral oil. This may be re¬ 
moved by cleaning the leather with gasoline, after 
which Neat’s foot oil should be applied to keep the 
leather flexible. 

Grabbing. Though a dry clutch will occasionally 
cause slipping it more usually causes "grabbing." 
Unless the leather is burned, or worn out, it may 
be restored by roughing the surface slightly with 
emery paper, and then dressing it with Neat’s 
foot oil. 

Another cause of a sticking clutch is protruding 
rivets, and these should again be set beneath the 
surface of the leather. A small shoulder will also 
cause trouble, and this should be scraped or filed 
down. 

A new leather should never be fitted unless it it 
absolutely certain that the old leather cannot be 
reclaimed. 

If relining the clutch is imperative, it is best 
to obtain the new lining from the makers. If this 
is not expedient, the old lining should be care¬ 
fully removed and used as a pattern for cutting the 
new lining. The new leather should be much 
thicker than the old lining and of uniform thickness. 

The most essential point in fitting the new 
leather is to have it fit tight and true to the cone. 

If the clutch has been relined it will not work 
perfectly until it has been worked in. This usually 
takes some time and during that period ahould re¬ 
ceive frequent applications of Neat's foot oil. 

To Fit a New Leather. 

1- Soak the leather in water. 

2- Secure one end of the leather to the cone by 
one copper rivet (rough side out.) 

(Never use anything but copper rivets; other 
metals will score the metal clutch facing.) 

3- With only about three-quarters of the leather 
on the cone, pin the other end to the cone by a 
rivet, (aee fig. 8.) 

4- Force the leather up into the cone. It should fit 
evenly and with uniform tension. 

5- Drill and countersink the rivet holes. 

6- Rivet the leather in place. Be certain that the 
rivet heads are 8-82 in. below the leather and 
well headed on the inner side. 

7- Allow the leather to dry slowly. It will other 
wise shrink too much and expose rivets. A 
coarse file may be used to remove the high spots. 

—Continued next page. 


C HART NO. 208—A Cone Clutch Repair—Chevrolet ‘*490” as an Example—see charts 229 to 02 
for types of clutches used on different cars.(see pages 671 and 672 for Chevrolet tran«mi«fo» 
and rear axle adjustment.) 
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—Continued. 

Clutch Hub Repair. 

If the solder holding the clutch spring retaining 
plug has become loosened, permitting the plug 
to unscrew— 

1— Clean and scrape both plug and hub end thor* 
oughly. 

2— Screw plug into hub until the upper surface is 
alightly below the hub. 

8—Heat end with torch, as shown in fig. 4, and 
run solder into the joint. 

Thrust Bearing Repair. 

1— Examine the balls and races of this bearing, and 
if pitted or showing the slightest indication of 
wear, the entire assembly must be replaced. 

2— Place flywheel on bench, as shown in fig. 2. 

3— Force ball race into flywheel casting. This must 
go in evenly and come to a seat evenly, otherwise 
the bearing will quickly destroy itself. 

4— Assemble the balls and clutch spring anchor stud, 
packing the balls in grease. 

6—Slip the clamp shown in fig. 2 (page 664), over 
the end of the stud. This holds it firmly in 
place and permits one man to put on the retain¬ 
ing springs. 

6— Slip on three old valve springs oven the end of 
the stud and pin in place, as shown. The clamp 
may now be removed and the stud, with the 
thrust bearing, cannot fall apart in reassembling 
the clutch. 

An alternative method, and one commonly used 
in assembling the anchor stud and bearings, is to 
place the ball race, balls and anchor stud to¬ 
gether before placing them in the flywheel They 
may be held together by the three valve springs. 

7— Lift flywheel back into place on the engine. 
Bolt it back in the same position as removed. 


Do not tighten any one bolt until all are drawn 
snug. This removes the poBsibilty of having the 
flywheel out of true, which would ruin the 
thrust bearings. 

8- Remove the pin and three old valve springs from 
the clutch spring anchor stud. 

9- Force the clutch back into position. 

10- Bolt clutch hub to clutch spider. Draw 
all bolts up snug, before any one U tightened. 

11- Put clutch spring back in place and pack with 
grease. 

12- Using the compressor shown in fig. 1 or fig. 1A, 
replace the clutch spring retaining pin. 

13- Lift gearbox back into frame. It will have to 
be sprung past the gearbox side arm. 

14- Replace bolt holding gearbox side arm to engine. 

16-Replace the bolts on rear clutch hub drive ring. 

Bring all up snug together. 

16- Replace bolts holding gearbox to side arms. 
(Make certain that the shims are replaced exactly 
in the same position from which they were 
removed.) 

17- Replace clutch release shaft with clutch yoke 
and pedals. 

18- Oennect brake rods. 

19- Replace V-brake, connecting gearbox support 
with engine. 

20- Refill oil reservoir on clutch yoke and gTease 

cups on clutch cross shaft. Oil all working 

parts. 

21- Replace wiring. Start engine and note whether 
everything seems to be working properly. If there 
is a rattle in the clutch drive ring it will indicate 
that the gearbox is out of line. The shims will 
have to be shifted or possibly removed. When 
perfect alignment is reached the rattle will cease. 
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Buick clutch showing adjusting feature 
and parts which need oiling 

Fig. 2. 


Tho ctmplc Btudcbakcr clutch. Tension 
to maintained b$ one maiu spring 

Fig. 3. 


*Buick 4 Cylinder Oar Clutch. 



Foot pedals may be adjusted 
(for height) by removing the 
bolt and placing portion of pedal 
(inserted in fork) where desired. 


Fig. 2—Buick clutch is a cone clutch. Here again, the regular antidotes for slipping clutch caused 
by a worn, oily or burned leather, apply. 

▲ worn leather may be made to hold by increasing the tension on the four large clutch springs with¬ 
in the clutch spider. In doing this be careful to turn the nuts exactly the same amount. 

When the lining of the clutch brake becomes worn, thus allowing the clutch to spin after disen¬ 
gagement and make the shifting of gears difficult, adjust by loosening the clamp bolt and turning the ad¬ 
justing nut to the left or counterclockwise. This will compress the brake spring sooner and conse¬ 
quently stop the clutch more quickly. 

To grease the clutch, loosen the wing nuts and remove the cover of the clutch housing. Give the 
grease cup on the clutch release ring a turn or two. Press the clutch pedal and turn the clutch cone 
around until that grease cup appears and give it a turn or two. Turn the engine over until the grease 
cup on the clutch spider appears and turn that down the same amount. Apply a few drops of flowing oil 
to the clutch release yoke trunnion bearings. This operation should be performed every 500 miles. 

Studebaker Clutch. 


Fig. 3—Studebaker clutch is of the leather-face cone type to which general rules for the care of 
the leather, renewals, etc., given elsewhere in this book, apply. The clutch bushing is lubricated by an 
oil lead, bored through the center of the crankshaft which takes lubricant from the oil reservoir of the 
engine. If, after long service, new linings on the clutch fail to make the device hold properly, the 
remedy is to wash with gasoline and treat with neat’s foot oil. 

To remote the main clutch spring; this can only be done by completely disassembling the unit, and 
either increasing the tension of this spring by stretching it out, or replacing it. On rare occasions 
these springs will break, and of course the only remedy is to replace the spring. 


IHABT NO. 264 —Cone Clutch Repair— Continued. Buick, Studebaker Cone Type Clutch Adjust 
lent. Foot Pedals. *See index for Buick “six” clutch, which is a multiple disk tvne. 
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Overland Clutch. 

«f. 19. Gone type, leather faced. Clutch tension 
is by 3 powerful springs, per fig. 3, page 647 and 
fig. 17, page 660. To remove springs use pry, 

__per page 647. To 

i 1 increase spring 
tension, turn 
nuts in. Each 
nut to be turned 
same amount. 
Clare: turn grease 
cups down once 
a week and keep 
supplied with oil. 
O i 1 ball-thrust 
bearings every 
500 miles, which 
can be easily 
reached by oil 
can to side of 
clutch spokes. 

See also, pages 



CLUTCH BTTTtfr 
YOKE 

CLUTCH SPRINGS 


* Dodge Cone Clutch and Transmission. 

Fig. 4. To adjust clutch: Remove cover plate, 
loosen clump screw on clutch-adjusting nut and 
turn up clutch spring adjusting nut (just below 
clutch “throw-out” fork) with a screw driver un¬ 
til sufficient compression. Then tighten screw. 
Care: keep clutch yoke jp*ease tube filled and be 
sure it does not clog. Keep drain hole in bottom 
of clutch bousing free so oil cannot accumulate on 
clutch leather. Turn grease cup down often, on 
“clutch-throw-out.” 

Transmission lubrication: Use 1 part medium grease 
and 2 parts 600W steam cylinder oil and up to 
of main shaft—see page 670. 

♦Dodge Dry Disc Clutch. 

There are 7 discs held together by a heavy spring 

(6, fig. A. page 931). The 4 driving discs (9) 
(covered with wire woven asbestos), are supported 
on 6 pins (3), pressed and riveted into fly wheel. 
The 3 driven discs (8) (plain), are carried on 3 
pins (7) riveted to clutch spider (4) which if 
keyed on clutch shaft (32). Fly wheel pins (3) 
are located outside, or above the clutch spider pins 
(7), so that they can turn independent of the clutch 
spider pins when clutch is disengaged. All discs 
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hrowout cannot 
>e obtained thru 
the adjiintmemt, 
an earlier repara¬ 
tion of Clutch 
Diacr can be ok 
taiaed by placing 
a 3/32 inch wash¬ 
er on each driving 
•tud at this point. 


Wear o! Catch 
Jnring first 500 
miles moves 
Clutch Collar 
away from Oatch 
necessitating free¬ 
dom of C la t e b 
Pedal so it can 
move farther ap 
thru Toe Plate. 
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Do not slip the 
clutch except when 
absolutely neces¬ 
sary and then only 
when you know it 
has sufficient lubri¬ 
cation to stand it. If you feel that you must tlu »o, 
owing to lack of confidence in your ability to handle 
the car through congested traffic, remember that the 
lubrication or the throwout collar will need more 
frequent attention. 


UN& AliJUSTlNi mi 


are free to slide upon their supporting pins snd 
are held together by the clutch spring (6) when 
dutch is “in.” 

To tighten clutch spring: compress enough to tllov 
split washer (see fig. 1. page 932). which fits into 
one of three grooves cut on clutch shaft, to be 
moved forward to the next groove. The two halm 
of this washer must fit securely into groove so that 
clutch spring rear retainer fits snugly around it. 
Care: Keep foot off clutch pedal except when used, 
otherwise disc facings and ball-bearing throw-out 
will wear excessively. Do net slip clutch unneces¬ 
sarily. as this causes fabric to become glazed snd 
slip. Keep drain in bottom of clutch housing open. 
Lubricate ball hearing dutch release (12) by keep 
ing grease cup, located on the toe board to the 
right of the accelerator pedal, well filled and give 
it one complete turn every 100 miles. Mske sure 
that the clutch release grease tube (34. fig. A. 
page 931), is tightly connected and unobstructed. 

Hudson Clutch. 

Fig. 20— Hudson dutch is the lubricated disk, eerk 
insert type. 

Renewing the oil and lubricating the dutch throw- 
out collar are the only attentions necessary. 

The fact that the cork inserts become sstursted 
with oil makes it comparatively difficult to abuse 
this clutch as compared with other types. However, 
its action will be affected if instructions in regsrd 
to the quality and quantity of lubricant are not 
strictly adhered to. Never put more than a half 
pint or mixture in at one time. Always drain the 
clutch to remove the used oil before filling in any 
fresh oil. Half kerosene and half good engine dL 
Clutch adjustment (see fig. 20), should be inspected 
occasionally. 


CHART NO. 265—Examples of Cone Clutch and Disc Clutch Adjustments. 

'The first 60,000 Dodge cars nsed the “cone” dutch as above. Later cars use disc dutch, dry type— consittiif 
of 4 driving and 3 driven members. See page 931, 670 and Insert No. 1. See page 689, Dodge Brake Adj- 
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Evidence of Trouble. 

1—SUpplmg clutch: This is often ceased by leek of 
proper clearance between the clutch opening fin* 
gets end the releeee plete. This clearance should 
never be less then Vie or more then % inch, 
when the clutch is in. This necessitates an ad¬ 
justment of the clutch opening fingers, (see clutch 
adjustment below.) 
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turn Uw •djmitofl Mnw «. 
»M clutch until the clear. 

the hn««r« ana im 
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•halt the clutch la In. The raisaaa 


Another cause of slipping eluten is too little ten¬ 
sion on the clutch springs, contained in recesses 
in the flywheel, as shown in fig. 2. The nuts on 
the engine end should be tightened enough to 
prevent the clutch from slipping, but not enough 
'to make the pedal difficult to operate. Never 
tighten the clutch spring nuts until the release 
fingers have been adjusted to the proper clearance. 
Neither of the above adjustments will have any 
effect if the lining on the disks are worn so thin 
that the clutch casing seats on the flywheel, as 
shown in fig. 8, at A and B. When worn thus, the 
clutch must be removed. 

Continual slipping cause the disks to get very hot, 
warping the steel disks, as shown in fig. 1, and 
raising the rivets on the lined disks so that they 
cause the clutch to chatter, with the possibility 
of grooving the disk and giving them a per¬ 
manent warp. 

2-Volsy clutch—particularly when released: This 
is due to worn clutch thrust bearing, (see fig 3.) 
A removal of the clutch and replacement of the 
bearing is necessary. 

• To Remove the Clutch. 

1— Remove floor boards. 

2- Remove starter driving chain. 

8-Remove the two battery wires running to starting 
motor. 

4-After removing the two bolts holding the right end 
of the starter, and the single bolt at the left end, 
remove starting motor. 

0-Remove short drive shaft, with its universals, that 
connect clutch and gearbox. 

0—Remove brake rods. 

7—Remove bolts on clutch cross shaft and spring 
it up. 

0-Remove clutch cross shaft. 

•-Remove the nuts that hold the clutch spring bolts 
at the rear of the flywheel. Remove bolts. 

10- Pull clutch out and remove from frame. 

11- Place clutch ring assembly en bench with clutch 
rings up. 

12- Remove snap ring and then remove all friction 
rings. 

(Note how the rings are removed that they may 
again be built up in the proper sequence.) 

18-Clean all parts with gasoline and scrape out the 
clutch ring recesses both on the flywheel and the 
clutch hub. 


be opened down below the surface, if the facing 
does not have to be renewed. 

1- To replace facing: Out off heads of old rivets, 
taking care that the disks are not sprung out of 
shape. 

2- Examine each disk to see that it is not sprung or 
warped out of shape, and note whether the steel 
disks are grooved. If either is the case the disks 
must be replaced. 

8-Using each disk as a template, drill the rivet holes 
in its new facings. Countersink the facings slightly 
for the rivet heads. 

(The new facings can best be obtained from the 
car makers, and this should be done if possible.) 

4—Using solid co/per rivets, rivet the new faoing 
to the disk. 

6-Examine ball and roller bearings of the clutch 
for wear and the cluftch bushing for looseness. 
Replace with new ones, if any amount of wear is 
evident. 

6-Use little grease in assembling the bearings, as 
the clutch must be run dry. 

1- When assembling clutch: Make certain that the 
rings are inserted in proper relation to each other. 
(An asbestos faced disk goes in first.) 

2- Slide clutch back into place. 

3- Using clutch spring compressor, as Bhown in 
flg. 2, replace nuts on clutch spring bolts. Do not 
tighten these nuts yet. 

4- Replace clutch cross shaft. 

5- Reconnect brake rods. 

6- Replace drive shaft and universals. 

7- Replace starting motor, wires and driving chain. 

To Adjust Clutch. 

1- Adjust opening fingers on clutch throwout collar 
so that they strike the collar together. This is 
done by loosening the clamp bolts, holding them 
to the cross shaft and tapping them into alignment. 
If this is not done the gears will not shift readily. 

2- Adjust the clearance of the opening fingers. This 
is done by loosening the lock nut on the set 
screw, as shown in fig. 4, and turning the screw 
in to decrease the clearance and out to increase. 
This screw should be turned out until the clutch 
release collar spins easily on the drive shaft 
when the clutch is in. 

3- Tighten the nuts on the clutch springs at the 
rear of the flywheel, evenly, and until the clutch 
does not slip. These nuts should not be tightened 
so that the clutch pedal works with difficulty 

Maintenance. 


The Repair. 

If asbestos faces of the disks are worn they must 
be replaced. The split rivets holding them should 


1- If the clutch starts to slip, adjust it at once. 

2- Use no oil on the interior of the clutch, except as 
placed in the two oil openings in the drive shaft 

3- Do not drive with the foot on the clutch pedal. 


JHART NO. 266—Dry Disk Clutch Repair and Adjustment—Reo Fifth as an Example. 

(Motor World.) 
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Evidence of Trouble. 


1— Grin ting or d a ubin g of the gears, especially the 
first speed gears when shifting. 

This indicates that the facing of the clutch brake 
(see fig. 1) is worn and must be either adjusted 
or relined. 

2— 1 2 3 4 Continual slipping of the dutch that cannot be 
stopped by draining and cleaning with gasoline 
or by adjustment. 

This may be due to either excess oil in the 
clutch casing or to worn friction rings; the excess 
oil may leak in through the dam which separates 
the front oil reservoir from the flywheel case. The 
transmission must be removed and the clutch 
taken down. 

3- SUpplng of the dutch, followed by chattering 
and grabbing. This indicates that the asbestos 
friction rings are glazed and should be replaced, 
requiring that the clutch be removed. 

4- Actual failure of the dutch to operate, or ex¬ 
cessive noise when the dutch pedal is pushed out, 
indicating that the clutch spring or some of the 
operating members are worn or broken, and hence 
necessitating a removal of the clutch. 

(Ordinarily a washing and adjustment of the 
clutch will place all parts in good condition. 
(Jnlese it is positively indicated that a removal 
is necessary, cleaning and adjustment should al¬ 
ways take place before tearing the clutch down.) 

To Clean the Clutch. 

1— Remove drain plug at bottom of clutch housing. 

2— Remove clutch inspection plate. 

8-Loosen clutch flange retaining bolts holding 
flange to flywheel. Do not loosen these bolts 
more than K in.; just enough to allow the oil to 
drain out. 

4—Squirt a little gasoline into the clutch, washing 
out the residual oil. 

6—Tighten clutch flange bolts. 

The clutch may slip for a short time until all the 
oil has been squeezed out. But if it continues 
to slip or grow worse there must be a leakage 
from the crankcase that must be stopped, and 
hence the clutch must be taken down. 


If dutch grabs: Take out one of the adjusting 
screws (see A, page 842) and apply a mixture 
of 2/8 lubricating oil, 1/8 kerosene, through this 
hole with an oil gun. As a rule, a bath of kero¬ 
sene is all that is necessary. Sometimes, merely 
tightening clutch spring will remedy the trouble 
If neither of above, then see 3, under “evidence 
of trouble.'* 

To tighten dutch—see pages 43 and 842. 

To Repair Clutch Brake. 

This brake Is designed to stop the spinning ef 
the dutch and to prevent gears dashing when 
shifting. To examine: 

1- Press clutch pedal way down. 

2- Examine brake and see whether it actually touches 
the collar or not. If it does not touch, the 
transmission must be removed. Note how far it 
comes from touching. 

3- Remove gearbox. This method may vary some 
what in the different cases. 

4- Examine clutch brake friction band. If in good 
condition, it will not be necessary to install s 
new one, as a metal washer placed between it and 
the shoulder on the main drive pinion will raise 
it sufficiently to touch the brake. The thickness 
of this washer depends on the distance the 
clutch brake and flange were apart, as shown in 
fig. 2. 

6—Unscrew clutch brake (this is a left hand thread) 
and place the metal washer between it and the 
drive pinion. It is better to reline the clutch 
brake after washers amounting to % in. have 
been installed. 

6-If the clutch brake facing is worn very thin or 
glazed it should be removed and a new one riveted 
on in its place. Copper rivets should be used, 
and they should be countersunk well beneath the 
surface of the facing, (see fig. 5.) 

Providing the adjustment of the clutch is O. K. 
and the friction rings are in good working order 
the gear box may now be assembled. 

To Remove Clutch 

Necessitated by worn clutch rings, actual failure 
of the clutch to operate or continued presence 
of oil after repeated cleanings. 

1- Mark clutch cover and flywheel so that the cover 
may be replaced exactly as removed. If the 
cover should be replaced wrong, the clutch will 
not operate. 

2- Throw clutch out and lock by placing a block of 
wood (space block) as shown in fig. 1. 

. 3-Remove clutch cover bolts. 

4-Draw clutch out. 

If all working members are in good condition and 
not worn excessively new friction rings Bhould 
be slipped in place and the clutch assembled. 

It may however, be necessary to completely dis¬ 
mantle the clutch in order to replace the spring 
or some worn member. 

To Dismantle Clutch. 

1- Place clutch on compressor, shown in fig. 4, and 
tighten t£e stud nuts. 

2- Remove the distance block. 

3- Unscrew retaining collar. 

4- Remove stud nuts of fig. 4, permitting clutch te 
come apart. 

5- Examine all parts for wear and replace wan > 

parts. , 

6- Resssemble clutch, using compressor shown is 
fig. 4. 

7- Place distance block in position and remove clutch 
from compressor. 

8- Place friction ring, then clutch plate in flywheel, 
followed by the other friction ring. 

9- Then put the clutch assembly in place, making 
sure that the dowel pins, or set screws, are is 
place on the inside rim of the flywheel, and that 
they fit into the slots of the driving plate. 

10- Replace clutch, cover bolts, making sure the 
cover is on the same position as removed. 

11- Replace transmission, drive shaft, etc. 

12- Check up adjustment of pedals and clutch as 
outlined, and see that clutch brake is working 
all right. 

13- Grease all parts and replace miscellaneous 
fittings. 


3HABT NO. 267—Care and Repair of a Dry Disk Type of Clutch—The Borg and Beck asusidw 
aany different cars—see page 543, also see pages 42, 43 and 842. 

(Motor World.) 
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♦Overhauling the Gear Set or Transmission. 


Usual troubles are: (1) stripped gears; (2) 
bearings worn permitting shaft to drop out 
of alignment (see page 732); (3) dogs 

worn and will not catch; (4) dripping oil 
from gear box. 

The cause of dripping oil is due to either 
a loose gasket (fig. 2, chart 291), or to too 
much oil—running out at the bearing, or 
worn felt gasket sometimes used. Carry the 
oil level slightly below the secondary shaft. 
The lower gears will splash oil to all parts— 
see pages 203 to 205. (Note Overland uses 
grease—(see page 670—see Dodge 670, 666.) 

Causes of the Other Troubles. 

When dogs become worn (see part No. 139, 
page 48), so that they slip out of engage¬ 
ment, they may be dressed up or squared 
by grinding. 

Noise: In gear boxes where shaft ends 
are supporter by single row ball bearings, 
with no provision for end thrust and are 
noisy—replace bearings. 

Considerable wear In bearings will change 
the distance between centers of the trans¬ 
mission shaft—replace bearings. 

Difficulty in shifting gears: Three rea¬ 
sons: (1) sticking or dragging clutch 
caused by heavy oil; (2) teeth of shifting 
gears burred; (3) considerable wear in bear¬ 
ings—throwing shaft out of line, which also 
causes noise. 


End play—may be discovered by grasping 
the universal joint behind the gearset and 
attempting to move it forward or backward. 
If looseness is found, adjustment is needed. 
If end play is allowed to develop gears are 
likely to be stripped. 

To determine cause of clashing gears: re¬ 
move cover plate over clutch and, with rear 
wheel jacked and car in gear, let clutch in 
and out. If clutch continues to spin after 
it has been thrown out, look to clutch brake 
or too close an adjustment or heavy oil— 
causing gears to drag. 

Note: Don’t allow a nut or any chips of 
metal to lodge in transmission case—it will 
strip the gears if caught between the teeth. 
This also applies to engine and differential. 

Don’t use waste to wipe out the interior 
of a transmission—it leaves lint. 

Speed Gear Ratios. 

The gear ratios on transmissions of three 
speeds (Warner as example) is; (1st) speed, 
2.5 to 1; (2nd) speed 1.7 to 1; (3rd) speed 
1 to 1; (reverse) 3.4 to 1. 

On four speed gear sets it is approximate' 
ly, (1st) 3.6 to 1; (2nd), 2.07 to 1; (3rd) 
1.32 to 1; (4th) 1 to 1; reverse 3.9 to 1 
or 6.1 to 1. 

The average ratios will be about as fol¬ 
lows: 1st 3.24 to 1; 2nd 1.95 to 1; 3rd 1.19 
to 1; 4th 1 to 1; reverse 4 to 1. 


Rear Axle Pointers. 


The three types of rear axles in general 
use are the Semi-fioating, % floating and 
Full-fleating, as explained on page 33. 

To find the type used on leading cars, see 
pages 543 to 546. On these pages, the 
make of axle as well as the type is given. 
For the Ford axle, see supplements. For the 
Marmon axle, a % floating type, see page 32. 

The 8. A E. distinction between the 
three types of axles is as follows: 
Seml-floating—Inner ends of axle shaftB are 
carried by differential side gears (dif¬ 
ferential carried on separate bearings). 
Outer ends of shafts are supported by 
bearings. 

%-floating—Inner ends of shafts carried 
same as in semi-floating. Outer ends of 
shaft supported by the wheels (only 
one bearing is used in each wheel). 


Full-floating—Same as %-floating except 
that each wheel has two bearings (wheels 
do not depend on the shaft for alignment.) 

Advantages of the semi-floating axle (by Packard 

Motor Oar Co.) In the semi-floating axle, the 
wheel hubs can be made slightly smaller and 
because of location of bearings, the stresses in 
rear axle can be kept lower than in the full- 
floating type. 

There is a slight advantage also in the bear¬ 
ings, as the full floating type have to use a 
bearing with a smaller ball, since it must flt 
around the rear axle tube. In the semi-floating 
type, the bearing has a smaller bore, and there¬ 
fore, larger balls can be used as it has only to 
go over the axle shaft. 

Another advantage is; the rear wheels con be 
more readily removed when replscments are nec¬ 
essary — wheels being replaced oftener than 
shafts. Still another advantage claimed is that 
of lubrication; as the outer bearings can be lu¬ 
bricated from the inside, and an oil retainer 
placed on the outside, whilst the full-floating 
type must have a separate supply of lubricant to 
the rear wheel bearings. 


Pointers on Removal of Differential. 


Removal of differential in a seml-floating axle 
and some % -floating axles; the entire rear axle 
assembly must be removed from the car. For in¬ 
stance, see Ford Instruction 

The axle must be removed from car, as shown 
in fig. 1, page 675. The axle housing is usually 
divided in the center. 

After housing and wheels are removed, the 
axle is then disassembled as shown in figs. 4 and 5. 

Removal of differential on all full-floating axles 
ia done by withdrawing the axle shafts, leaving 
the wheels supporting the car and housing intact, 
as explained on page 679 (Studebaker). The 
differential can then be drawn from rear of hous¬ 
ing by removing cover plate (fig. 1, page 677), or 
drawn from front of housing with drive shaft. 


In the full-floating type the axle housing is 
seldom divided in the center. 

How Axle Shafts are Fastened. 

The seml-floating axle shafts are fastened to 
the differential by different methods. In some 
it is by means of a tapered pin, and key, others 
by split clamps which flt over heavy threaded 
portion of shaft end; still others by the use of 
Woodruff keys or split washers, as per Ford and 
per Maxwell (chart 278, fig. 5.) 

The full-floating axle shaft is not fastened but 
is either square or "splined." Splines take the 
place of keyways, see ng. 7, page 680. 

Removal of Wheels. 

For removal of wheels see page 677. Pinion 
adjustments etc., see pages 673 to 679. 


*8ee pagres 543 to 546. “Specifications of Leading Oars,” for types of axles, gearsets, etc. on leading cars. 
The MAS locking differential, mfgd. by M A S Gear Go., Detroit, is a popular type for truck axles. 



170 


DYKE’S INSTRUCTION NUMBER FORTY-SIX-A, 




Studebaker Transmission. 

Studebaker gearset—The Studebaker sliding gear 
is a unit with the rear axle and is of conventional 
selective three-speed type. After a great deal of 
service the gearset pinion shaft may need adjust¬ 
ment in the suspending bearings. 

To determine whether or not adjustment ?s 
needed endeavor to push the universal back and 
forth and if the shaft shows play where it enters 
the gearset case, it indicates that the roller bear¬ 
ings need taking up. The operation is performed 
through the pinion shaft adjusting nut. This nut 
is locked by a pawl and the pawl, in turn, is 
locked by the lock bolt which holds the adjusting 
nut. Loosen the nut on this bolt and the paw; 
can be removed from the adjusting nut. 


Maxwell Transmission. 

The Maxwell gearset is conventional sliding gear, 
three speeds forward and reverse. Bearings are 
non-adjustable, but if properly cared for should mat 
need renewal. 

To oil the gearset, remove the filler plug in 
the top of the gearcase cover and pour in a very 
heavy flowing oil, preferably a steam cylinder oil, 
until the lower or countershaft gears are about half 
covered. When the case is empty this will require 
about 1 quart of oil. Do not use hard grease. 

The dutch used on the Maxwell is a cone type 
faced with a fabric composition, and runs in a bath 
of oil. To remedy slipping in the clutch, provid¬ 
ing that the fabric facing has not become worn 
down excessively, remove the hand-hole cover from 
the forward top of the gearset case and take up 
tension on the three springs. Each spring should 
be tightened an eaual amount. A grabbing clutch 
probably means lack of oil or possibly that there is 
too great a tension on the springs. 

The clutch housing should contain from 1 to 1% 
pints of lubricant. Ordinary motor oil will give 
the best results. This oil may be inserted through 
the inspection plate on top of the clutch housing 
and should be renewed every 2,000 miles, the old 
oil being drained out through the drain plug on the 
bottom of the housing. It is well to flush the 
clutch with kerosene. See page 675—Maxwell axleu 
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♦Overland Transmission. ' 

♦Overland gearset: Twice a season at least, the 
gear box should be opened and filled with kerosene 
or gasoline and the resulting thin solution drawn 
off through the opening in the bottom of the gear 
case. When the case is cleaned, pack with grease, re¬ 
place the gasket carefully, and screw down the 
cover. 

In disassembling the transmission, the transmis¬ 
sion shaft goes out first, the countershaft next, and 
the reverse gears last. 

The right way to replace transmission bearings: 
The annular ball bearings of the transmission 
should be replaced as follows: 

Place a piece of lead pipe over the shaft and 
against the bearing in such a manner that the 
blow will be borne by the outer raceway of the 
bearing, that is. the one seating in the transmis¬ 
sion housing. If the inner or smaller raceway, or 
the end of the shaft, be hammered upon, the blows 
are transmitted to the balls themselves and in not 
a few cases they are broken, (see chart 277). 


To make the adjustment, t i out the adjusting 
nut until the play between the shaft and gearcase 
disappears. It is not necessary to draw the nut 
up excessively tight When the operation is com¬ 
pleted, lock the units in the inverse operations by 
which they were unlocked. 

A light gearset grease is advised for oiling. 

Buick Transmission. 

Bnick gearset—The main shaft of the Buick gear- 
oet la ball-bearing mounted. To lubricate, it should 
be filled with steam-cylinder oil, which is about 
the heaviest flowing oil obtainable, and to do this 
the filler cap on the right side of the gearset case 
must be removed and the case filled to the level of 
the opening. 


♦♦Dodge Transmission. 

—The Dodge gearset main slidina-srear shaft is 
mounted on ball bearings at either end and loose¬ 
ness means replacement of the bearings. The 
countershaft is mounted on bronze bearings 
If the gearset is kept properly lubricated 
with olean oil, none of these bearings 
should need replacement in a good many thousand 
miles of driving. Not more than 2 quarts of gear- 
set lubricant should be used in the case. The level 
should be inspected every 1,000 miles and. If It 
has fallen so low that the gears on the main shaft 
do not dip well into the lubricant, the supply 
should be replenished so that they do. The torsi 
should be kept Vs-inch below the main alidtsg- 
gear shaft—see also pages 932, 931. 


3HABT NO. 268—Transmissions or Gear Seta—How to Care for and Adjust. 

^verland transmission is placed as a unit with the rear axle. **See pages 666, 931. 932. for Dodge traasmis* 
i. and page 689 for Dodge brake. 
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Removing, Disassembling and Assembling Transmission 


—Mitchell as 

To remove transmission. Place jack under drive 
shaft housing to prevent the transmission from fal¬ 
ling. Remove and slide tack the shell covering clutch 
hub. Turn clutch until one slot in clutch hub is up 
and the other down. Remove the two large hexagon 
nuts holding the transmission to the main cross 
frame member. By lowering the jack the front of 
the transmission can be lowered to the floor. Re¬ 
move the eight bolts holding transmission to drive 
shaft housing and the transmission can be removed. 

To disassemble transmission. Remove main shaft 
“B” and sliding gears “A” and “J." After 
the transmission has been taken out of car, the main 
shaft “B” witli the bearing “L" can be withdrawn 
from the transmission case without disturbing any 
other part. After top cover plate “M” is removed 
the two sliding gears “A f ’ and “J” can be 
lifted out of the case. In drawing out the main 
shaft care should be taken that the thrust washet 
"N" does not drop into the case. A good sug¬ 
gestion is to rest the transmission case on the for¬ 
ward end. 

.To remove gear and spindle. To remove gear and 
spindle “D” and “I.” Remove the small plate in 
the front side of transmission case (not shown in 
illustration) through this opening unscrew the collar 
“O.'* Gear and spindle with universal joint com¬ 
plete can now be withdrawn. When putting back 
this part be sure the thrust washer “N” is put 
back in place. 

To remove sub-shaft and gears. After the main 
shaft and the two sliding gears have been removed 
as above, take out gear shifting rods “P”; remove 
reverse idler gear “O” by driving out the short 
shaft upon which the gear revolves. (Don't at¬ 
tempt to tap inward, this must be tapped out¬ 
wards from the inside.) (See below, to remove 
reverse idler gear.) By removing the plus at the 
forward end of the transmission case in line with 
the shaft a steel rod can be inserted and the short 
shaft driven out. Remove the two bearing caps 
“R" and "R” and move back the sub-shaft 


an Example. 



“F" until bearing "8” comes from the case. Re¬ 
move bearing “S T ’ from the shaft. By lifting up 
the front end of the subshaft it can be taken out 
through the top of the case. 

To remove reverse idler gear. After the large 
cotter pin through the reverse idler gear shaft at 
the outside of the transmission case is removed. As 
an accessibility feature the reverse idler gear cam 
be removed without disturbing any other part. B j 
removing the plug at the forward end of transmis¬ 
sion case in line with the short shaft a steel rod earn 
be inserted through the hole and the short shaft 
driven out. 

When reassembling you must be careful that ell 
gears are in the same relative position in which they 
were originally. 

In a socket at the forward end of the case are 
placed two plungers under the tension of a spring. 
When the sliding gears are in their proper position 
these plungers fall into recesses on the gear shift¬ 
ing rods, holding the gears in position. When the 
gear shifting rods are replaced the plunger can be 
pushed down so the rods will enter by unscrewing 
plug “T." 

After the transmission is reassembled, test it out 
before it is reinstalled in the car. Put it in 
different speeds to see that is it assembled correctly. 



Care of Transmission, Chevrolet as an Example. 

The transmission is the regular selec¬ 
tive type, having three speeds forward 
and one reverse. The clutch is explained 
in ehart 263. 

To lubricate, fill every 1,000 miles with 
No. 600-W steam cylinder oil, not grease, 
so that oil level stands at bottom of the 
upper or splined shaft. 


To clean: Once every 2000 miles wash 
out transmission with kerosene to remove 
any particles of metal worn off the gears 
or other foreign substances. To do this 
remove the drain plug at the bottom ef the 
transmission case and allow the oil to 
drain off, after which flush out thor¬ 
oughly and refill with oil. 

Chevrolet Bear Axle. 

This is almost a true semi-floating type 
of axle. The bearings however are not 
direct on the axle on the outer end, but are be¬ 
tween the housing and rear wheel hub (see fig. 83, 
chart 270), therefore it is termed a % floating type 
(see page 669 and 83). 

How to remove the rear axle assembly:. Jack up 
the car and remove bolts and clips holding springs 
to axle housing. Disconnect ell brake rods from 
foot pedals to rocker shaft mounted on the pro¬ 
peller shaft housing, and slide entire assembly from 
under the car. 

How to remove the propeller shaft: Slide the 
axle assembly from under the car and remove nuts 
holding the propeller shaft housing to axle hous¬ 
ings. The propeller shaft housing assembly can 


then be lifted off. 1 Remove the pinion shaft bear¬ 
ing lock stud (fig. 33, chart 270), and with a lead 
hammer or piece of wood held against the upper of 
universal joint end of the propeller shaft, drive the 
shaft and bearings from the housing. 

Extreme care should be used not to batter the 
end of the shaft. If a few smart blows do not 
start the bearing, examine it carefully. Probably 
a burr is holding it or the inside edge of the hous¬ 
ing may have become battered over. The drive 
pinion and bearings can then be removed by un¬ 
screwing the nut on the end of the propeller shaft. 

Replacing drive pinions: Should it become nec¬ 
essary to replace the drive pinion, extreme eare 
should be exercised to see that the tapered bole ef 


1HABT NO. 200—Removing and Disassembling a Transmission—Mitchell and Chevrolet as examples 
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—continued from Chart 269. 

the gear fits the taper on the shaft snugly and at 
all points. Alwavs, before putting the new pinion 
on the shaft, remove the cotter pin holding the ad¬ 
justing nut and turn the nut back two or three 
turns. As it is impossible to machine two tapered 
holes exactly alike, one gear may “go on" a little 
farther than the other, so if the adjustment were 
not changed the gear would “shoulder” against 
the bearing before obtaining a good seat on the 
shaft. 

It is a good plan to “try” the fit of the gear 
on the shaft before finally assembling. The best 
way is to secure a little Prussian blue and spread 
it thinly around the bore of the gear. Press the 
gear on the shaft, then remove and note the marks 
made on the shaft. If the “bearing” is uneven 
smear a little valve grinding compound en the 
shaft and with a reciprocating motion “grind” 
the gear to its seat. Much depends upon securing 
a good snug fit, so take your time, as it is a good 
insurance against roadside repairs. After having se¬ 
cured a good fit. securely lock the nut and spread the 
cotter pin. Before fitting the gear examine the key. 
If this is loose in the shaft or worn replace it with 
a new one. The adjusting nut should then be set 
up and securely locked with a cotter pin. Care 
must be used not to get the adjustment too tight; 
however, it should be snug. If the holes for 
cotter pin will not “line up” without getting the 
bearing too tight or too loose, make a washer of 
tin or brass and insert betwen the nut and center 
thrust bearing washer. 


In replacing the propeller shaft and bearings in 
the propeller shaft housing care must be used not 
to crowd the bearings. Be sure to line up the hole 
in the bearing sleeve with the hole in the housing 
for the pinion shaft bearing lock stud, after which 
replace the stud. 

How to Remove Differential Assembly. 

Remove the propeller shaft housing assembly and 
rear wheels. The axle housing is in two parts, right 
and left, bolted together in the center. Remove 
the bolts and slide the housings off the shafts. 

The differentia] gear case is in two halves and 
ean be separated by removing the clamping bolts, 
after which the axle shafts with the main shaft 
gears can be withdrawn. 

The differential main shaft gears are keyed and 
pinned to the axle shafts. After removing the pins 
the gears can be pressed off the shafts. 


Before sliding the axle housings back on the 
shafts, examine the differential thrust bearings. If 
they are worn or roughened, replace them, as these 
must be in good condition, otherwise there is dan¬ 
ger of broken gears. 

Once every 2000 miles It is a good plan to test 
the thrust bearings. To do this lack up the rear 
of the car so that the wheels clear the ground. 
Grasp the wheel and push in and pull out. If any 
play exists it represents the amount of wear on the 
thrust bearings. If this is more than 9b of u 
inch the axle must be disassembled and new thrust 
bearings installed. 

After the axle is assembled remove the filler ptag 
and pour oil into the housing until It runs 
out of the filler plug hole. No. 600W steam cylinder 
oil is the best for summer use and light cylinder 
oil for freezing weather. 

Before connecting the axle with the transmission, 
pack the universal joint with cup grease. 

How to Remove the Universal Joint. 

With the axle removed from under the car, take 
out the five cap screws holding the joint ball re¬ 
tainer collar and pull the ball joint from the socket. 
Remove the four clamp screws holding the two uni¬ 
versal joint rings together (fig. 34) and separate 
the rings. The nut holding the universal joint yoke 
to the transmission shaft can then be removed and 
the yoke pulled off the shaft. 


How to Adjust Chevrolet Brakes. 

It is important that the brakes be adjusted 
evenly, that is, that when applied both grip the 
brake drums with the same pressure and at the 
same time. 

The rods connecting the foot pedals with the 
brake shaft on the propeller shaft housing are 

S rovided with turnbuckles. (See fig. 19, chart 264.) 

y turning these the rods can be shortened or 
lengthened, which in turn tightens or loosens the 
brake bands. 

Caution: Do not adjust the brakes too tight, 

otherwise they will “dra£,” using up power and 
wearing out the brake linings in a very short time. 

Should one brake “grab” or take hold too auick- 
ly, remove the brake operating cable yoke pin oa 
that side and shorten the cables by screwing up the 
yoke ends. 


In reassembling the differential be sure that the 
two fibre thrust washers are fitted into the re¬ 
cessed ends of the main shaft gears . (see fig. 5, 
chart 278.) After tightening the clamping bolts 
be sure to lock them with a wire passing through 
holes in their heads. 


Oare should be taken to see that both brakes are 
adjusted alike as serious harm will result if one 
wheel does all or most of the braking; it will cause 
the car to skid more easily and cause exessive wear 
on the tire. It also puts an undue strain on the 
axle parts. 



CHART NO. 270—Rear Axle (% -floating type) and Differential—How to Remove and BapUot 
■°art8—Chevrolet “490” as an example. 

Itwt Nft 071 / pi-top in nnmhnrinff). 
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Adjusting Timken Bear Axle—Type Indicated Below. 

There are three conditions that make adjustment of gears advisable. These are: 1—Ob¬ 
jectionable noise; 2—Excessive backlash; 8—Looseness between the bearings on the pinion 
shaft or at the differential. 



1st.—To eliminate noise, loosen nut No. 1 at “A” and then loosen nut No. 2. Remove 
the cover at “B” and loosen clamp bolt No. 4. Turn the slotted‘adjusting cup .towards the 
left, one notch and tighten up nut No. 2, then nut No. 1 just enough to let the shaft run 
freely without end play. If this lessens the noise, loosen nuts No. 1 and No. 2 and turn 
adjusting cap another notch and repeat this operation until quietest point is found. If noise 
increases, adjust in opposite direction. When final adjustment is made so that pinion shaft 
has no end play, back off nut No. 2 one-quarter turn and tighten up on nut No. 1. Bend 
washer over one flat of each nut, tighten up clamp bolt No. 4 and replace cover. 

2nd—To take up baoklash, back adjusting ring at “D” towards differential, (in order 
to allow the whole unit to slide to the right) and turn ring at “C” against bearing cap 
which will force gear towards pinion. These rings have right hand thread. Before turning 
rings, loosen cap screws in bearing cap one-half turn after removing locking wires, (see chart 
272-A.) Proper amount of backlash should 
be approximately -005" or barely perceptible 
looseness, when proper adjustment is made 
make certain that locking pins arc back in 
slots of rings, tighten cap screws and replace 
locking wires. 

8rd—To take up looseness In bearings on 
pillion shaft, loosen nut No. 1, tighten up on 
nnt No. 2 enough to let shaft run free without 
end play, back off one-quarter turn and tigh¬ 
ten np nut No. 1, If noisy gears result, pro 


eeed as in paragraph No. 
looseness in differential 
bearings, adjust rings 
“O” and “D” away 
from differential after 
loosening cap screws and 
locking wires as in para¬ 
graph 2. Adjust each 
ring until differential 
runs free without end 
play and if back lash 
results, pro¬ 
ceed as in 
paragraph 2. 

ADJUSTING 

4th—If gears 
are so far out 
of mesh that 
no result can 
be obtained 
through meth¬ 
od described 
above or new 
gears have to 
be placed in 
axle, remove 
peep hole 
cover No. 3, 
for observa¬ 
tion and set 
gears with 
backs flush, 
as a start¬ 
ing point, 
and proceed 
as above. 

These instructions apply 
particularly for rear axles 
above mentioned. Other rear 
axles made by this company 
differ slightly in construction 
from these, but in a general 
way the method described 
above can be used for other 
axles also. 


1. For taking 


m 


up 


LEFT 


No 


RIGHT 


ADJUSTING 

RING 


Note the spiral 
or helical tooth 
bevel gear. 


CHART NO. 272—Adjustment of Gears, Timken Rear Axles. Above applies to Timken full-float 
fag axle, numbers 5741, 5742, 5395, 5396, 538 and 574. McFarland (5742); Hal (5396) 
Daniels (6396); Dorris (5396). (See chart 280B, Adj. Timken Bearings). 

Chart No. 271 omitted, error in numbering. 
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Adjusting Timken Bear Axle—Type Indicated Below. 

The same conditions make adjustment necessary as mentioned in chart 272. 

1st—Before making adjustments for elimination of noise or backlash, take up all loose¬ 
ness, if any, in bearings. To do this, remove bolts 4 4 A ’ 1 and locking key 11 B. ’ 1 Turn slotted 
ring fi C n towards right,, while holding ring 41 D 79 in its original position, until bearings 
are free from end play, at the same time allowing pinion shaft to turn free. To take up 
differential bearings, remove locking wire in cap screws “L” and loosen screws one-h*lf 
turn. Belease locking finger "J” and turn right hand adjusting ring “F” towards differen¬ 
tial until bearings are free from end play, at the same time allowing differential to turn 
freely. 

2nd—When adjusting to eliminate noise, remove bolts f ‘A” and locking key “B” as 
above and turn rings “C” and “ D n one slot towards the left and repeat until quietest 
point is found. If noise increases, adjust in the opposite direction. Always turn rings ** C 9 9 
and “D” together when adjusting for this purpose by using a tool broad enough to engage 
slots in both rings. 


8rd—-When adjusting to take up backlash In gears, remove wire and loosen cap screws 
“K” tt Jj n one-half turn. Belease locking fingers “J.” Back adjusting ring “F*’ 

away from differential and turn adjusting ring “E” towards differential (right hand thread 
on both) until gear is forced towards pinion so that it has about .005 Inch backlash or barely 
perceptible looseness. 

If gears are so far out of mesh that no results can be obtained through method described 
above, or nqw gears have to be placed In axle, remove peep hole plug “G M for observation, 
and set gears with backs flush, as a starting point, and proceed again as above. 

If noise results from taking up loose bearings, proceed as in 2nd and 3rd paragraphs. 



After making adjust¬ 
ments make sure that all 
locking keys, cotters, 
wires, etc., are replaced 
and all bolts and cap 
screws properly drawn 
up. If running a car to 
try effect of any adjust¬ 
ments, all bolts and cap 
screws must be pToperlv 
tightened. 

The gear* are property 
adjusted when; first, the 

axle mm quietly; second. 
the teeth are meshing their 
entire length or nearly so; 

third, there is a 
alight back lack 
p tn the geara. 


On the Hosting arts the standard ratios 
are as follows: all 4 Vi pitch. 

No. Teeth No. Teeth 
Batio in Pinion in Gear 


3-18/21 to 1- 21 55 

8-1/18 to 1- 18 55 

8-7/16 to 1_ 16 55 

8-2/3 to 1- 15 55 

8-18/14 to 1_ 14 55 


OIL FILLER 


On the semi-floating axle the standard 
gear ratio and other specifications are aa 

Follows: 

Gear ratio. 4tii to 1: teeth In pinion, 
11 ; teeth in gear, 40 ; pitch of gears, 4%; 
track, 56 in.; hub bolt holes. 6 for 12 
spokes; spokes, 1% in. 


BIGHT 


OHART NO. 272A—Adjustment of Gears In Timken Bear Axles. Above applies to Timken semi- 
floating or fixed-hub-type axles, numbers 5230, 5240. 5241, 5252 and 35G. Cadillac 
(5752); Hudson (5241); Jordan (5241); Westcott (5240); Chalmers (35). 
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housing flangs. fly catching the 
entire housing in ths laths and 
tracing it up by the surface (A), 

the ring gt«r i*4t IB) may be i-a- 
fieatf with m llflM cut 


Fig. The differential may 
be moat readily assembled 
and adjusted. If caught In 
the vise in this manner. 
Two socket wrenches are 
used to do the work 


Fig. a— Three horses form a service¬ 
able sale stand, though a special stand 
could readily be made. Never attempt 
to dismantle or assemble a part on the waskttB 
fleer but get the work up where it la 
aeceeelbie and clean 





Fig. b—Don’t attempt to remove 
the side bevel gear from the 
axle drive shaft until the apllt 
washers hav* neon removed In 
the manner shown 


Fig. >—The feature of this rear wheel 
puller Is that the screw la hardened 
tool steel, looeely threadod Into thd 
cap. ThF endplay permits a sharp 
blew on the screw to loosen the 
etlcklng wheel 

Evidence of Trouble. 

1— Any excessive grinding or humming indicates thav 
the gears are either worn, broken, or poorly 
adjusted. 

2— An intermittent catch occurring perhaps only 
every 100 miles. This indicates that parts of one 
or several teeth are broken, and are catching 
in the gears. 

3— Actual failure of the axle to operate. 

(Any of those necessitates a removal of the axle 
from the car, tearing down and replacement of 
defective parts with readjustment). 

To Remove Axle.. 

1- Block front wheels. 

2- Raise rear of car as shown in fig. 1. 

3- Disconnect brake rods at the point of connection 
to the brakes. 

4- Remove clips holding axle to springs. 

6-Draw axle and housing out to the rear. The 
driveshaft slips out from the universal and 
must be caught to prevent possibility of injury 
to the splined end. * 

6 - Place the axle on three horses arranged as shown 
in flg. 2. 

7- Remove hub caps. 

8- Remove axle nuts. 


the ax Mm 

Thay ghpuld turn freely all around 

9- Using puller shown in flg. 8, remove wheels. 

10- Remove torque tube and driveshaft. Save the 
gasket. 

11- Oatch the grease in a pail. 

12- Remove nut from one end of axle truss rod. 

13- Remove differential housing bolts. 

14- Pull off the differential housing halves. 

15- Place differential in vise as shown in flg. 4; 
pull cotter pins from bolt ends and removo 
differential casing nuts, allowing the two halves 
to come apart. 

16- Remove split washers from end by driving the 
gear down as shown in flg. 5. 

17- Remove bearings and all parts, wash and clean 
with gasoline. 

General Repairs. 

1- After cleaning examine all parts for wear. Go 
over gear teeth, to see if any are broken, or 
worn. Alto note whether driveshaft bevel gear 
has been wearing evenly along the teeth. The 
face of the teeth should be bright all over. Any 
breakage or perceptible wear necessitates *a re¬ 
placement of the gear. 

2- Draw driveshaft from torque tube. Olean, and 
examine bearings. 

3- If the axle has been disabled by a collision, tho 
shaft should be caught between lathe centers, 
tested, and trued up, if bent. 

4- 1 f any serious bend is found in either of the 
shafts, the two halves of the rear axle housing 
should be bolted together, tested for alignment 
in the lathe, and straightened. 

5- When the large ring gear on the differential 
must be replaced, its bearing on the differential 
casing should be trued up in the lathe, as shown 
in flg. 6. 

—continued in chart 274. 


3HART NO. 278—The Disassembly and Assembly of Maxwell “26” Rear Axle and Differential. 

This axle is a % -floating for the same reason as the Chevrolet, chart 270, explained in chart 269. It has 
the appearance of a semi-floating, but on account of the bearing being between hub of wheel and 
housing, and bearings supporting differential, it is a true %-floating. Axle assembly must be re¬ 
moved and housing stripped from axle. By referring to Ford supplement, chart 328, a true semi¬ 
floating axle is shown—outer end of axle shafts connect direct to wheels with Woodruff keys. 
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r, «- *—Th* cotter pin In the prtvo 
•lioft pinion lock nut altouM not In 
torforo with tho thrust buoMnp. 
ano the buahing collar* ahouW ha 
'naartop In tho manner ah own 


$ D Ol f no^oTi; Itjuubl. rat 

iTTn. iVUifi (TfltvIF 


(Mote—If sticking is noted in any place, catch 

L the assembly in a vise, as shown in flg. 4 and 
with the tang of a ilia, find by feeling which 
cross gear is causing the sticking. If new cress 
fears nave been installed, try changing tho stick¬ 
ing gear for a new one from stock. Or if now 
side gears have been installed, try changing the 
„ I side gear.) 

6-Replace the cotter pins in the differential easing. 

Olip the ends over, away from the cross gears. 
6-Using horses shown in flg. 2, slip the halves off 
the rear axle casing in place after packing all 
bearing and gears with nonflnid oil. 

7-Bolt the halves together. (Do not poll one nut 
mo onvo np tight until the others are snug.) 

'^uaMnp. 8-Now get the torque tube, and driveshaft ready 

•houM ho* for assembly. The shaft should turn freely in 

’ the housing. All bearings should be packed in 

grease. 

(Note—If a new driveshaft pinion has been fit¬ 
ted, make certain that the bent ends of the cot¬ 
ter pin in the end of the driveshaft do not inter¬ 
fere with the thrust bushing, (see flg. 8.) 

9-Fill axle housing with a good grade of non-fluid 
oil until the ring gear dips well into the oiL 
10-Place first the bronse washer on to the drive 
pinion thrust bushing, then the steel washer, and 
insert the bushing into the "ear axle housing. 
r ^l feu "v 11-Replace the torque tube gasket and alip the ter- 
que tube and driveshaft into the axle. Bolt in 
_I _ £} place. 

J ; M,- 12-When all bolts are tight; the driveshaft should 

turn freely under the action of a pipe wrench, 
fi If any sticking is noticed, additional gaskets 

should be placed between the torque tube and the 
axle. If any slack exists in the gears, the gas¬ 
ket should be replaced by one made of thinner 
paper. 

13-Make certain that the brake levers work freely. 
"TZTZStoT Oil welL Note whether the brake bands are 

wearing evenly and are in good condition. Re¬ 
line, if necessary. 


—Continued from Chart 278. 14-Replace the 

The Reassembly. cup grease. 

1- Replace the shaft bearings, differential housing <♦! 

halves, and shaft gears, making certain that the springs with 
split washers are in place. 16-Roll axle be 

2- Replace differential cross gears on differential 

cross and holding shaft in vise as shown in flg. f? 

4, bolt halves together. (Be certain that the 
thrust washer is in place between the ends of untl1 the tw0 
the shafts.) 16-Let the car 

6-When the halves are bolted together there should 17-Bolt spring 
be about 1-64 in. end play between the two 16-Reconnect b 

halves of the shaft. If tight, take differential 
apart and file a little from the end of each shaft. (Note—For t 

4- Rebolt the halves, and holding as shown in flg. 7, T AwTLh** 

turn the two shafts in opposite directions. The \ n 

axles should turn easily all the way around. ot S rea8e -) 

Bulck Rear Axle Adjustment. 

Poor Adjustment. this is necesi 

1— A grinding noise. This is usually caused by en M r * 

looseness between the driving gears. It may also JJ?®® 1 

be caused by worn teeth. Either necessitates a where they c 
readjustment. 

2— A peculiar click. When letting the clutch in, or 

when changing gears. This is due to slack in the 1-Raise car fro 
driving system. Adjustment necessary. or hoist. It 

5- An intermittent catch, or one that occurs at shaft will bi 

every revolution of the wheel. This may be more conveni 

caused by a broken tooth or part of a broken ♦u* t 

tooth catching. Tearing down necessary. hM th* h 

4-Actual failure of the axle to operate. 0 * ® ' 


line, if necessary. 

14-Replace the wheels. Fill hub caps with medium 
cup grease. 

(Note—It is always advisable to grease the rear 
springs with graphite and grease at this point.) 

16-Roll axle beneath car and with one man guiding 
the driveshaft, slip it into the universaL The 
splines may not line up at first and hence it may 
be necessary to crank the engine slowly by hand 
until the two slide together. 

16- Let the car down onto axle. 

17- Bolt spring shackles to axle. 

18- Reconnect brake levers. 


(Note—For the first 200 miles, at least, fill and 
screw down the grease cups two or three times, to 
make certain that all bearings have an abundance 
of grease.) 


this is necessary it is usually advisable to take 
the entire axle down, clean the parts thoroughly 
and make the adjustment when the parts are out 
where they can be properly seen. 


Preliminary Test. 

1- No preliminary test is necessary if sympton 8 
and 4 are present. Tear axle down at once and 
find causa. 

2— To make certain that looseness is present, Jack 
one wheel up and rock that wheel back and 
forth with the gears locked in high. A 2" travel, 
marked on the tire is permissible. Any amount 
greater requires an adjustment. If bevel ring 
adjustment alone is necessary this may be done 
by removing the rear axle cover as shown in 
flg. 1, page 677 and following the same method 
outlined in adjustment. However, if more than 


To Remove Axle. 

1- Raise car from axle by an overhead chain block 
or hoist. It can be raised so high that the drive 
shaft will bind on removing, and it is usually 
more convenient to do this to render the parts 
accessible. A horse or block should be plaoed 
beneath each runningboard to prevent injury 
should the hoist fail. 

2- Remove front floorboards. 

5- Disconnect brake rods. 

4-Remove saddles holding the vertical bearings m 
the driving yoke ring at the rear of the trans¬ 
mission. 

6- Unscrew brass packing collar on sleeve of uni¬ 
versal Joint at rear ox transmission. 

6- Disconnect rear springs from their supports m 
the axle. 

7- Raise and lower the car until the drive shaft 
slips from the universal, and slide the ssssmhly 
out to the rear. (Do not allow the torque tube 
to drop onto the floor.) 

—continued on page 67T. 


CHART NO. 274—Maxwell Rear Axle Repairs— Concluded. Buick Full Floating Rear Axle Ad* 
<»utment8— Continued in Chart 274-A. 






8- Place the axle across two horses, with the torque 
tube resting on a third horse. 

9— Remove hub caps. (This is not absolutely neces¬ 
sary. but has been found advisable to prevent 
denting or otherwise injuring them in the work). 

10— Remove flange stud nuts holding the driving 
flange to the wheel hub proper. 

11- Draw drive shaft out with driving flange at¬ 
tached. 

18—Remove front connections of radius rods to the 
torque tube. 

>8—Remove nuts holding main drive shaft hous¬ 
ing to the rear axle housing. 

14-Pull torque tube forward, removing it from the 
axle housing. The differential is bolted to this 
housing, and comes out with it. Place the as¬ 
sembly in a vise. (It is not necessary to remove 
the rear cover of the differential easing by this 
method.) 

To Remove Wheels. 

1- Remove locking rings holding each wheel to the 

axle housing bearing. The thread on one wheel 
is left hand and that on the other wheel is 
right hand. 

2— Draw wheel off. The ball bearings in the wheels 
are not adjustable except for a small amount of 
end play. If much wear is noted, or the races 
or balls are chipped, these bearings should be 
replaced. 

8—Examine the brake linings. The emergency, or 
internal expanding brake, has but little service, 
and rarely needs adjustment, which is provided 
on the brake rods, however. If jpeasy, the lin¬ 
ings should be washed with gasoline. 

To Adjust Service Brakes. 

1— With wheel removed, note whether the band is 
round, and whether all parts are worn evenly. 
Uneven wear denotes eccentric bands and this 
should be corrected by removing the band and 
springing it back to shape. 

2— Measure the clearance between the band and the 

drum; it should be about in. all the way 

around. If more, the band must be contracted as 
follows: 

8-Turn set screw on outer brake lever so that the 
lever connected to the pull rod stands at an angle 
of about 80 degrees, inclined toward the axle 
housing, flg. 2. 

4—Loosen adjusting lock nut on rear half of brake 
band and turn the adjusting nut until the band is 
conoentric with the drum. Tighten lock nut. 

8-Turn the wing nut until the clearance between 
the brake and the drum is uniformly in. (The 
wing nut should be snapped into its groove in the 
upper clip before determining the clearance.) 

•-Mote whether the service brakes on both wheels 
have the same adjustment. This should be the 
ease to promote even wear and prevent skidding 
from uneven braking. 

7—When installing axle in the car; adjust the 
brake lever so that the pedaj will start contract¬ 
ing the brakes at the slightest pressure. 


To Adjust Bear Axle. 

1-Remove straps holding differential to the drive 
shaft housing. 

8-Remove differential. It is usually unnecessary 
to carry the tearing down further, unless the 
snider gears are worn or some part needs re¬ 
placing. Any looseness or wear in the spider 
gears may be felt with the tang of a file. 

8-Wash all parts thoroughly with gasoline^ get the 
ring and pinion gear teeth dry and bright. This 

{ >ermits Prussian blue to be effectively used in 
ocating defects that might be responsible for ex¬ 
cessive noise. 

To Remove Drive Shaft. 

1-Loosen cross pinch bolt at the rear of the torque 
tube. 

« 

8-Remove pinion adjustment corner plate exposing 
pinion adjustment. Mark with a file the exact 
point the drive shaft projects from the torque 
tube. 

8-Turn pinion adjustment to the right until free. 

The drive shaft may now be drawn out to the rear. 
4-Clean all bearings with clean gasoline and ex¬ 
amine all parts for wear. 

Bough Assembly. 

1-Replace drive shaft. 

2—Screw pinion adjustment back until file mark on 
the drive shaft comes to its former position. The 
pinion adjustment is then the same as before. 

3-Replace differential and bolt in place. 

4—Remove any end play in the driving yoke by 
loosening the clamp screw at the end of the torque 
tube, and turning the nut until the end play is 
removed. 

•-Tighten clamp screw. 

Differential Adjustment. 

1-Coat the gear teeth with Prussian blue. 

2-With the adjusting sleeve locks removed, turn 
drive shaft as though the car were going ahead 
All adjustment should be made on that basis, as 
the gears are usually working in that direction. 

3-Note appearance of the blued teeth after turning 
as directed. The teeth should show a broad even 
contact across the entire width of the driving 
surfaces. Ordinarily the position of the ring gear 
should not be shifted unless the position of the 
bevel pinion is also changed, as- one depends upon 
the other. 

4-Shift the adjusting sleeves, and the pinion ad¬ 
justment until the two are balancing, giving a 
broad contact the entire width of the gear teeth. 

5-When properly adjusted the ring gear will have 
no side play, may be easily turned and spun with¬ 
out noise. 

6-Replace adjusting sleeve locks. 

7-Replace differential in housing, slipping and bolt¬ 
ing radius rods home. 

6-Put on wheels. Adjust locking rings so that side 
play is removed. 

9-Replace axles, bolt flanges in place and replace 
hub caps. 

Replacing Axis in Oar. 

1-Roll axle assembly beneath car. Be certain that 
packing cap and packing are in place on end of 
drive shaft. 

2-Force splined end of drive shaft into universal 
joint at rear of trapsmission. (The car may 
have to be raised and lowered, and the engine 
worked slightly to permit this to be done readily, 
and at the least two men are required to do this. 

3-Oatch threads of the packing caps in place, and 
tighten the cap in place. (This may prevent the 
drive shaft from slipping out before it is an¬ 
chored by the torque tube.) 

4-Replace the saddle holding the lower vertical 
bearing cap on the driving ring. This may have 
to be driven into place, until the threads of the 
retaining bolts catch. 

•-Replace upper vertical bearing cup. 

6-Lower car, and attach spring ends to axle. 
7-Connect brake rods. Adjust foot brake rods by 
the turnbuckles so that the brakes start to con¬ 
tract at the first procure on the pedal. 

8-Remove differential oil plug and fill housing to 
level of hole with heavy steam engine oil. 

9-Grease and oil all parts. 


HAST NO. 274-A—Buick Bear Axle Adjustment8—A full floating axle. (Motor World.) 
Bnick 4 cylinder car has % floating axle—See page 543. 
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ovine locking wires in cap screw* 
(L&K) and turn (M) towards dif- 


Chalmers “SB;” Saxon 
Timken Axles. 

The adjustment of these axle* 
differ but little from those de¬ 
scribed n: preceding page*. 

Chalmers: Looseness is taken 

up bv r- moving bolt (A) and key 
<R>. Turn (G) toward left Dif¬ 
ferential bearing is taken up by romovini 

(HAJ) and loosen % turn. Release (LAK) and turn (M) towi 
ferential. To eliminate noise, loosen (A, P A 0). Back off (D) one or two 
turns and take up on (E) about 14 turn. If noise is increased, adjust in opposite direction by backing off 
screw (E), screw in on (D). Be sure (E A D) are locked when finished. To adjust back lash remove 
wire and loosen cap screws (J A H) 14 turn. Release (L A K). Back (M) away from differential and 
turn ring (N) towards differential as per instructions in chart 272-A. 

Saxon: To eliminate noise, remove screw (A A B) and cover plate (D). Turn (P) one slot to¬ 
wards the left and repeat until quiet—a screw driver can be used. To remove back laehi, remove wire 
and loosen (HAG) 14 turn. Release (K A J.) Back adjusting ring (L) away from differential aad 
turn (M) towards differential until back lash is taken np. 

Oil Leakage From Bear Axle. 

Preventing the grease or oil In the differential housing from making its way to the brake bands end 
thus causing inefficient braking was a big problem to manufacturers some years ago, but the difficulty 
has been overcome largely in all the present types. In all the axle housings on the market, some pre¬ 
cautions is taken to prevent this leaking and nine cases out of ten when Teak occurs despite this, the 
condition is caused by placing too much oil or grease in the housing. 

1—Showing the double felt washer construction used on Nationsl cars: 2—Hen axles have a bant axle 
tube and a felt washer, making the path of the oil upward in the tube, and only when under abnormal pres¬ 
sure will it work out through the bearing to the washer. 

Fig. 3: A sleeve is placed around each axle shaft on the Timken, and when oil is thrown to one side 
the sleeve acts as a pocket and retains the oil. 


ZABT NO. 275—Chalmers and Saxon (Timken Axle) Adjustments.' Preventing Oil Leakage tram 
mx Axle. Internal Gear Drive Axle. 

1 or grease working out through brake drums cause the brakes to slip. This can usually be overcome by pladag 
felt or leather washer %t position shown in fig. 2. 


The Internal Gear Drive Axle. 


This rear axle is used extensively on trucks and differs from usual type in that the rear axle (A) is 
solid. An Internal gear (G) is on the inside of wheel hub (D). A spur gear pinion (P) drives this gear 
(G) which revolves the wheel. The spur gear drive pinion (P) is driven by a jack shaft (J) enclosed 
in a tube. The jack shaft (J) is driven in the usual manner, as a regular split axle, through differen¬ 
tial gears and a ring gear (B). The ring gear (B) is driven by a bevel driving pinion (N) which is driven 
by the drive shaft (S) from transmission. Note the differential housing is fastened to the rear axle. 

The brake band (B) is of the external contracting type and is controlled by lever (R), which is con¬ 
nected with the foot brake pedal. 

The adjustments on this axle are similar to a “live” split axle, in that the parts necessary to adjust, 
are the ring gear (B) on differential and bevel drive pinion (N). The adjustment of the dlffnrentlsl ring 
gear (B) is to provide the proper center distance for gears (B and N), which can be done by shifting ring 

"“■* int of drive pinion (N) is to provide the proper mesh be¬ 

tween the gear B 
A N. Manufacturer* 
of this type axle are; 
Ruasell Mfg. Oe„ 
Middletown Ooniu 
Torbensen Co., Cleve¬ 
land, Ohio also maun- 
factnre an internal 
gear drive axle. 


gear with adjustments provided. The adjustment 


internal <5€AR drive AXLE 

The Russell Type P—1 ton truck internal gear drive axle. 

























































































ADJUSTING CLUTCHES, TRANSMISSIONS AND AXLES._678 


7HART NO. 276—Removing Roar Wheels and Axle Shafts; Studebaker, Cadillac and Bee. 

All fall-floating axles. Therefore the axle shafts can be removed without removing the wheels or axle 
housing. Note the two bearings in the wheel bubs and splined inner end of axle shafts, (see page 
669 and 88.) 

▲Iso note that on the Studebaker (and Overland, chart 268) the transmission is next to the axle 
housing. On the 1918 Studebaker, it is forward, next, to clutch. 


The rear axle is of the full-floating type. In this type the weight of the car is not carried on the 
axle shafts, but the axle housing extends into the hubs of the rear wheels, and the rear wheels turn on 
bearings set on this housing, thus relieving the axle shafts absolutely of all weight of the car. Each 
axle shaft is keyed at its outer end to a driving flange. This flange is bolted to the rear wheel. 

By removing the bolts (flg. 6) the flange and the entire axle shaft can be withdrawn, leaving the rear 
wheel in place and still carrying the load of the car. 

Bear wheel bearing adjustment: Jack the wheel clear of the ground. If it indicates play freely when 
you try to wobble it, the bearing should be adjusted. This can be done as follows: 

Take out the axle shaft by removing the bolts at the hub of the rear wheel from the flange. When 
nnts from the bolts are turned off, the flange and the axle shaft which is attached to it can be withdrawn, 
exposing bearing adjustment, nut washer, and adjusting lock nut. One ef the lugs on the lock-washer 
will be found bent over, holding the lock nut from turning. Straighten out this lng, and take off adjusting 
lock nut, also adjusting washer; then turn adjusting nut into the hub until the ploy between the rear 
wheel and its bearings disappears. Be careful not to make adjustment so tight as to bind the wheel. 
When the adjustment is correctly made the wheel should turn freely without wobble. When you have 
reached this point in the adjustment, replace the adjusting washer, turn on lock nut, and bend one of the 
lugs on lock-washer over lock nut. Replace the axle shaft and bolt on flange firmly. 

Differential: It is advisable at least once a season to clean the differential thoroughly. This can 
best be done by removing the cover at the rear of the housing and washing out with gasoline. Repack with 
fresh grease, being careful to replace cover with gasket in perfect condition. The differential can be re¬ 
moved by taking off plate at rear of axle and puffing shafts out far enough to clear it. 

8tudebaker pinion adjustment on rear axle is made through the nut (B. flg. 7) which adjusts the Tim¬ 
ken pinion bearing. To do this, the handhole cover must be removed from the gearcase and the setscrew 
which holds this nut must be loosened. Great care must be exercised not to adjust this pinion too tight. 
The rear wheels should be jacked up, the gear lever placed in neutral and the rear cover plate removed. 

In aligning the ring or differential, the gear is shifted from one side or the other by turning the 
adjusting collar (J). 

Reo Bear Axle. 

Fig. 6—The pinion on the rear axle is adjusted by screwing in the member B; bearing adjustment is 
accomplished through 0 and the alignment of the ring gear is shifted from one side to the other by turn¬ 
ing the adjusting collars at A. See page 546 for type of axle on the Reo. Note—center illustration shows 
method of mounting wheel on axle-shaft of Reo. 

Removing Cadillac Bear Wheels. 

Remove lubricator “A'* (fig. 47); remove hub cap "B” by unscrewing it; withdraw axle shaft "G”: 
jack up the axle so that the wheel will clear the floor; remove the lock 1 nut "D," the washer **E'* and 
the adjusting nut *'F*’; the wheel can then be taken off. 

Bo-assembling: Before putting the wheel on again see that the bearings **0'* and **H" are clean 
and filled with light grease which is free from dirt and grit. In putting the wheel on again set the ad< 
justing nut *'F” very carefully. Place the washer “E” in position, and tighten the lock nut "D." 
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Removing and Adjusting Front Wheel 

Jack up the wheel and take off the hub cap. 
Then draw cotter pin (flg. 6) and unscrew bear* 
ing cone lock nut. Note: The lock nut on the 
right-hand wheel (seated in car) has right-hand 
threads and to unscrew, turn to the left. The lock 
nut on the left-hand wheel has left hand threads 
and to remove, turn to the right. When the lock 
nuts are removed, the wheel can be pulled off 
verys, easily as the cone merely slides on the 
spindle. 

Before replacing the wheel, examine the felt 
washer. If damaged, replace after prying out re¬ 
taining washer. 

Adjusting the ball bearings: In re¬ 
placing the wheel, press the cone in as 
far as possible and slide on the re¬ 
taining washer, then turn the cone un¬ 
til the lug pn the washer fits into the 
recess «n the back of the cone to pre¬ 
vent its turning. Tighten up the lock 
nut until the wheel has no perceptible 
side play on the spindle, but still re¬ 
volves very freely; then replace cotter 
pin and hub cap. 

If grease runs out, between hub of 
front wheel and steering knuckle the 
cause is due to either too much grease 
or a defective felt washer. 

To see If the front wheel bearings 
need adjustment, jack up the wheels. 

Any looseness will show on rocking the 
wheels sideways. 

The best method for adjusting rol¬ 
ler bearings (fig. 4), is to turn the 
bearings up tight, then revolve the 
wheel a few times by hand; now slack 
off the nut a little so that by grasping 
a spoke above the hub and one be¬ 
low, a very slight shake in the wheel 
is felt, then turn the nut up again 
slowly until the shake disappears and 
the wheel revolves freely. 


A good method to get the bearing into position, 
is to slip a short length of pipe over the spindle, 
against the inner shell of the bearing, and te 
drive the bearing to its proper place by hammering 
on the pipe. 


JQ'NI 


Fig. 7—Spicer Universal Joint. 


The Spicer Universal Joint. 


The Spicer universal joint is used here for the 
purpose of an explanation of adjustments and 
lubrication. 

Every 1000 miles remove the grease hole plugs 
and fill with heavy gear oil or light cup grease. 
Too much grease will work out; about % full is 
correct. 

The forward universal joint is provided with a 
dust cap (D) and felt washer (W) on the rear 
end of the sleeve into which the end of the pro¬ 
peller shaft slides. This cap should be turned to 
the right occasionally in order to keep the felt 
washer tight and prevent the leakage of grease. 
Both joints have flax packing (P) between the two 
parts of the pressed steel casings. This packing can 
be tightened by loosening the bind screw (8) and 
turning the casing adjusting nut or ring in a right- 
handed direction. 

If the packing in the front universal joint is al¬ 
lowed to leak grease, the joint will not only suffer 
from lack of lubrication, but the grease will be 


thrown up onto the emergency brake, rendering the 
brake inoperative. 

Note—Upon examination an 44 0" will be found 
on propeller shaft tube upper end; a corresponding 
“O" will be found on the shank or rear end of the 
forward universal joint. When propeller shaft and 
universal joint are assembled these two 4 ‘OV* must 
be in line; (as shown in upper drawing flg. 7) 
otherwise the rear transmission bearing will be sub¬ 
jected to undue strain and excessive wear. 

Assembling—When the universal joints have bees 
disassembled and are assembled again, care should 
be taken to see that the boles in the flange and the 
inside casings are matched up in such a way as te 
bring the oU hole (which is closed by a threaded 
plug) opposite an open space in the joint, and net 
opposite one of the lugs, which would prevent the in¬ 
troduction of grease through the hole, the intention 
being that by removing this plug the user of the 
car can at any time inject additional oil or grease 
by the use of an ordinary grease gun. 


JHART NO. 277—Front Axles. Universe! Joints.—see also text, pages 681 and 43. 

Tote—In fig. 5, part designated steering knuckle, is also known as the spindle body (see chart 321.) 
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ADJUSTING WHEELS, BRAKES AND STEERING. 


INSTRUCTION No. 46-B. 

ADJUSTING WHEELS, BRAKES AND STEERING: Test¬ 
ing, Alignment and Care of Wheels. Camber and “Toe- 
in” of Front Wheels. Universal Joints. Brake Adjustments 
and Repairs. Steering Gear Adjustments and Types in 
General Use. 

Front Wheels. 


This subject is covered in chart 277, but 
additional information will be given below. 

Testing Play In Wheels. 

Play in the rear or front wheels can be 
detected by jacking up the car, grasping the 

rim and work¬ 
ing the wheel 
laterally, (figs. 
1 and 4, chart 
278.) If the 
wheel shows 
looseness the 
adjustment nut 
should be tight¬ 
ened. This nnt 
is located with¬ 
in the hub cap 

Taking np play in a front wheel and whatever 
having roller bearings. its shape may 

be, it is made so that a slight turn makes a 
considerable change in adjustment. Do not 
have the wheels too tight but turn the nut 
until the wobble disappears. In case of 
ball bearing wheels, it would be well to 
take out all the balls and examine them 
for wear. If any signs of wear are found, 
replace the worn balls at once. The ball 
races should be carefully cleaned with gaso¬ 
line and freed from the slightest suspicion 
of grit. The same attention as regards 
cleaning should be given bearings. 

If a ‘‘click’* is heard when turning front 
wheels with hall hearings—look for a 
broken or cracked ball—remove it at once, 
else it will ruin entire bearing. 

Adjustment and care of front wheel hear¬ 
ings: Every time a front wheel is re¬ 
moved the bearing cups are removed with 
it and consequently the bearing must be 
properly adjusted when the wheel is re¬ 
placed, if it is to give uninterrupted service. 

The best method is to turn the bearing 
up tight and then revolve the wheel a few 
times by hand, which overcomes any tend¬ 
ency for back lash. 

Then back off the adjusting nut very 


slightly, so that by grasping two spokes 
in a perpendicular Une, one above and one 
below the hub you begin to feel a very slight 
shake in the wheel. If this is more than 
barely perceptible, it is too much and the 
adjusting nut should be a little tighter, but 
not enough to cause any binding of the 
wheel when rotated. When you have it 
just right, lock it, and the bearings will 
give the best of service, (see also chart 277.) 

Wheel Lubrication. 

Once in every 1,000 miles of running the 
front and rear wheel bearings should be 
examined. If one of the rollers should 
have become damaged it is better to re¬ 
place all the rollers, to insure that the 
whole set is of the same dimensions—^in 
which case it is best to order from the 
factory. 

For lubricating wheel bearings use a good, 
light graphite grease; spread it over and 
into the bearings and fill the entire hub 
with it. The bearings should at all times 
be free from grit, and it is a good precau¬ 
tion to flush them with gasoline whenever 
you supply fresh lubricant. 

Don't fail to see that the felt washer is 
In place s 6 that grease will not work out 
between inner part of hub and bearing. 

Truing up Wheels. 

The wheels may be tested next. This 
may be done by taking a measurement at 
a height of about 8 inches from the floor 
(fig. 2 chart 278). The wheels should 
next be lined up as shown in chart 278. 

♦♦Tightening Hub Caps. 

Occasionally hub caps are lost through 
carelessness in replacing them after lubri¬ 
cant has been applied. While they should 
be set up snugly, undue force should not 
be used as the threads of the brass member 
may become stripped. An excellent plan 
is to screw the caps up tightly then tap 
the wrench a light blow with the hammer. 
Sometimes too much lubricant is used and 
when tightening the cap, the grease gives 
one the impression that the cap is snug. 



♦Universal Joints. 


To clean and grease the universal Joints 
In the driving mechanism; first, remove 
leather boots, if any are provided and clean 
them with gasoline. In some cars the hous¬ 
ing inclosed by the leather boot is a small, 
cylindrical sleeve held by four set-screws. 
When these are removed the sleeve may be 
slipped off the universal joint, leaving this 


free to be cleaned. All signs of the old 
oil should be removed and new grease put in. 
See page 685 for kind of grease to use. 

The kind of grease recommended by different 
car manf’gs. varies, bat the oil known as “tim¬ 
ing-gear” oil, having a consistency between heavy 
cylinder oil and vaseline, may be used. Graphite 
grease is also very good. In some of the more 
—continued on page 685. 


♦For a mechanical description see pages 680 and 48. 

**On wire wheels it is very necessary that hub cap be drawn very tight, else a noise and probable 
damage will result. 
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Tig. 1—Teating front wheel bearings: In tell¬ 
ing for lost motion in front wheel bearings, a wedge- 
shaped block or the like should be jammed between 
the spindle and axle end aa shown at A, otherwise 
lost motion in the spindle or knuckle might be taken 
for looseness in the wheel bearing. After taking 
this precaution try to moss the wheel as indicated 
by the dotted lines, and any lost motion in the 
bearings can be readily felt. 



Fig. 3—Sprung awio or spindles: A condition 
often present in a motor car after a hard sum¬ 
mer's use. The wheels should line up as indicated 
by the lines E rather than as indicated by the 
dotted lines O. If the wheel wobbles while in 
operation as indicated by the dotted outline of the 
right wheel, then the wheel itself is out of true. 




Fig. 2—Truing up a wheel: If a wheel is sus 
pec ted of being out of true, it may be tested as 
shown above, with one hand resting on a block to 
steady it and holding a rule, or the luce, close to the 
wheel rim, the wheel is revolved very slowly: if it 
is untrue the space between the end of the rule sad 
the wheel rim will vary. If the trouble .is simply 
due to the rim having shifted on the felloe, it may 
be rectified as indicated at the left in the illustra¬ 
tion. 



Fig. 4—Testing rear wheel bearings: Lost mo¬ 
tion in a rear wheel bearing is best tested for by 
taking hold of the tire with one hand to steady the 
body, then working the wheel up and down with the 
other hand, assisted by the knee and lower portion 
of one leg. When the right hand is placed on the 
hub, the right leg is often more conveniently used 
than the left, as shown in the illustration. 


Fig. 5—Bear axle precautions: In removing s 
resr wheel, sn unskilled workman can spring the 
shaft so that the wheel will afterward wobble as 
indicated * at 1A. This msy bs done as shova 
in sketch 2A; with the jsck J in the posit oo is- 
dicsted and the wheel railed from the grow 
as st O, by using the drift D and hammer H to 
remove the pin P, a few sharp blows are ouficket 
to band the axle as indicated by the dotted lias* 
A and B. This can be avoided if the wheel wore 
allowed to rest on the ground G aa in sketch SA; 
or by placing the jack J under the hnb as shows 
in sketch 4A. When the key K is loose, as ra¬ 
dicated by the dotted lines L in sketch 6A, grooms 
R may have been worn into the pin which provost 
it from being easily removed. 


OUST HO. 878—Testing Wheel Bearings. Truing up Wheels. 












































ADJUSTING WHEELS, BRAKES AND STEERING. 





m 


Alignment of Wheels. 

This subject is of more importance than one would imagine. For instance, if the wheels are not prop¬ 
erly * ’ lined up" there will be wear on* the tire and steering will not be easy. If a car has been sub¬ 
jected to severe jolting or has struck a curb, the wheels may have been thrown out of alignment or the 
beck or front axle moved sideways. 

Lining up Springs with the Axle. 

Measure distances (fig. 1) from horneye of spring to center of axle as shown at A, B, 0 and 1> 
also X and T. The distances should be the same on each side of car. Measure with a stiff straight edge 
of some sort, not a tape line. a 

Lining up Front and Bear Wheals. 

Measure the distance from center to center of hub as at E (flg. 2.) This should be the same on 
each side. If not, loosen spring dips and move front axle slightly. It will be possible to move either 

• bont * inch on mo,t "Oimbn” of Front 

_ Wheels. 

Is for the purpose of 
making steering earner; be¬ 
cause wheels have a tend¬ 
ency to spread apart at bot¬ 
tom and come together at 
the top when speeding. 

Camber means that the 
wheels are closer together 
at the bottom than at the 
top and the slant is usu¬ 
ally, not more than 2 de¬ 
grees or about 2 % M for 24* 
wheels. 

This is usually done at 
the factory by tilting the 
steering knuokle, if not, then 
it can be done by bending 
the front axle between the 

______ spring seat and the steering 

.I -- - fl 4 knuckle yoke It is best to 

f * Y bend cold if possible, if 

"*• *- heated, don't heat quite rod. 

I The track should then be 

the same as the rear wheels. 

r- ^ The idea of cambering is to make the center line of spindle bolt coin- 

l ,_ 1 cide as near as it is practical, to center of contact of tire with the 

ground—see page 774. 

/ -—- -f-f \ True up Front Wheels. 

\ * j S ^ v ) Before proceeding further this is necessary. This can be done by 

_ V J following plan in fig. 2 , chart 278. If wheels are wobbly it may be 

due to loose bearings or sprung rim. 

"Toe-In" of Front Wheels. 

THis means that the distance from center to oenter of tire as at A (fig. 4 ) should be from K to % 
inches less in front of wheel than at rear as at B—when measured in front of tires about half way up even 
with the hubs. Don't compare "toe-in" with "camber," as camber means wheels set in at the bottom. 

The above measurements are correct for comparatively new cars and should be increased somewhat 
as the steering knuckles become loosened through wear. 

th# “toein M can bo adjusted by adjusting the length of the steering knuckle tie rod, from one steer- 
Ing knuckle to the other. This adjustment should be made with wheels on the ground. The idea of • ‘toe- 

in is necessary because when running, the wheels have a tendency to "toe-out" when car is in motion. 

Unless properly toed-in, if too much or not enough, the treads of the tires will grind. 

The front and rear wheels should track, if not, the fault can be detected by the front and rear 
wheels leaving two distinct tracks behind when running on a wet road. 

To Check the "Toe-in." 

One method is shown in'fig. 8. Jack up front axle. Make a 
center line on each tire as wheels revolve. Then measure the dis¬ 
tance from one line to the other. A straight stick with uprights 
can be usod as shown in flg. 8. The measurement should be made at 
points about where the tops of the upright are shown in the illustra¬ 
tion and this distance should be about M to % inch less in front 

than rear, as at A, flg. 4. Another method (and one that is more 

accurate) is shown in the illustration to the left. 

Seep Spring Clips Tight. 

It is well to notice the spring clips occasionally, especially when 
car is new. In fact it is a good idea to tighten bolts holding spring 
This illustration shows clips about every 500 miles of running. A loose spring clip win 

an into running gear often cause a mis-alignment. 

aligner which has a gradu- m.. unevenly 

ated scale and will make _ . ^ ™ ea ***** unevenly, 

exact measurements. Mfg'd Quite often, when front tire has a worn place around tread, it is 

b y Mechanical Utilities due to mis-alignment. Why a right rear tire wears faster than 

Oorp., 6 North La Salle St. others is due to the crown of the road being oval, also because most 

Chicago Illinois. of the driving is done on the right side, the weight is thrown more 

on that side. 



Dodge front wheels should "toe-in" %*, measured on felloe of wheels level with hub. 


JHABT 279—Alignment of Wheel!. Excessive tire wear is often caused by improper alignment. 
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Brake Troubles—the Cause. 


When brakes will not hold it doesn’t nec¬ 
essarily mean that the bands need adjusting. 

Oil or grease may cover the friction surfaces. 
Before jumping at the conclusion that the 
bands need new linings take off the wheels 
and examine the asbestos. If lubricant has 
saturated the linings, wash off the grease 
with gasoline or kerosene. 

As brake linings wear it becomes de¬ 
sirable to adjust the brakes in order to get 
that perfect action so necessary to safety and 
satisfactory service. 

Adjusting brake rods: Failure of the 
brakes to hold as securely as is desirable— 
note this fact carefully—may be due to in¬ 
sufficient forward travel of the rods con¬ 
necting the brakes with the foot pedal or 
hand lever. 

Dragging may be due to insufficient back¬ 
ward travel. The remedy for either of these 
troubles should first be sought by lengthen¬ 
ing or shortening the rods. Until after this 
is done no adjustments should be made in 
the brakes themselves. 

External Brake Adjustments. 

First of all put jacks under the rear axle, 
being careful to have them press up against 
the housing proper (or on some Timken axles, 
against the pads made for this purpose), but 
never against the truss rods. Raise both rear 
wheels off the ground. 

Next, put all the brakes on both sides of 
the ear in a complete “off” position. 

Before making any adjustments of the 
brake make sure that stop-screw (E) is so 
adjusted against the housing that the clear¬ 
ance between lever (M) and the support in¬ 


dicated by circle (N) is about ^th inch 
when the brake is in “off” position. If no 
stop-screw (E) is used, accomplish the same 
purpose by lengthening or shortening the 
brake rod. 

It is very Important to make the following 
adjustments in such manner and degree that 
when completed and the brake is applied full 
force, the imaginary line X—Y running over 
pin (O) and under pin (P) will stand about 
as shown in the illustration (figure 1). This 
is necessary to insure proper toggle action 
by lever (M). 

Begin at the rear of the brake by re¬ 
moving cotter-pin (B—fig. 1) and turning the 
adjusting screw (A) until the clearance be¬ 
tween the drum and the brake band lining 
at this point is the least possible without 
the drum touching when it revolves. Try 
g’tth inch clearance to start and increase it 
if necessary only enough to allow all parts 
of the drum to dear as it revolves. Then re¬ 
place cotter-pin (B). 

We are now ready to adjust the lower half 
of the brake band. Loosen jam-nut (G) and 
turn stop-nut (D) up or down on the stem 
until all parts of the drum just dear the 
brake band lining say about ^th of an inch. 
When this proper clearance has been obtained 
turn jam-nut (C) tightly against stop-nnt 
(D) to lock it. 

Now for the upper half of the brake band. ] 
Get the same bare clearance all around the 
drum by turning nut (F) being sure that it is 
always turned to a place where the groove 
(G) (in its under surface) fully engages the 
rib on the top of the fitting, thus automati¬ 
cally locking the adjustment. 


IHABT NO. 280—Adjusting Brakes—Timken as an example. External contracting band type. 
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—-continued from page 681. 


inaccessible universal joints it will be safer for 
the amateur to merely renew the grease without 
attempting to disassemble the housing, (see page 
580.) 


Should a knock or rattle develop, it is a case 
of disassembling and rebushing the joint. Quite 
often it pays to order a new part rather than 
repair it. 


♦Brake Adjustment, Gare and Bepair. 


The brake mechanism of a car is divided 
into three general classifications as follows: 

—(1) external contracting band; (2) in¬ 
ternal expanding band; (3) internal expand¬ 
ing shoe. 

The operation of the brake mechanism 
on or in the brake drums, is divided into 4 
classifications; (1) external contracting band 
by a fulcrum arrangement to draw the band 
tight around the drum; (2) internal ex¬ 
panding band, expanded by a “cam” ar¬ 
rangement as per chart 280-A; (3) internal 
expanding band, expanded by a “toggle” 
joint arrangement as per chart 280-B; (4) 
internal expanding shoe, (usually of metal, 
similar to fig. 2, below) operated by a 
“cam” arrangement. 


Braks slip apdnf 
Braks band 
Braka llaisf 
Braks dram 

Lack ant far 
flns adjustment 


Braks band 

Isvsr 


Pig. 1 —Names of partn of the external con¬ 
tracting band brakes (Overland). 

Braks drum 

Cam 

Braka llnini 
Braka Jaw 
Mrte* 

AntMattfa 
■pries 


Hints 


Fig. 2—Names of the parts of the internal ex¬ 
panding shoe (metal) brake, hinged type. The 
shoe on this brake is lined with fabric, but some¬ 
times we find this shoe without lining and made 
of bronxe. , 

The external brake is operated, usually by 
a foot pedal and is called the foot brake. 

The internal brake is operated usually by 
a band lever and is called the band brake— 
formerly known as the emergency brake—see 
pages 28 to 30. Sometimes a brake pulley 
is mounted on the external part of the trans¬ 
mission shaft and connects with the hand 
lever, it is then called the transmission 
brake, but is usually operated by the hand 
lever, therefore it would also be termed the 
hand brake. 

The band brake is the most popular—for 
both internal and external use. 

Whore metal to metal brakes are used a 




constant and extravagant supply of oil is 
required to prevent excessive wear. The 
inconvenience and uncertainly of lubrication 
together with the cost of renewing the ex¬ 
pensive brake shoes, rendered this type of 
brake unsatisfactory. 

The ideal brake lining then is one in which 
tbe co-efficient of friction is maximum and the 
deterioration due to heat is minimum. A special 
treated asbestos is the only material today of 
which such a brake lining can be made. Asbestos 
is a fibrous mineral; a natural rock, heatproof and 
will stand considerable usage without excessive 
wear. 


Care of Brakes. 

As the safety of a car depends on its 
brakes, they must be kept in the best pos¬ 
sible condition. They should bind tightly 
when pressure is applied to them, and be 
free and clear when the pedal or lever is 
released. A brake band or shoe that binds 
when the pressure is released, produces fric¬ 
tion and makes the car hard running. 

Slipping of brakes Is caused by either 
poor adjustment, ♦oil between tbe surface, or 
worn linings. The first may be cured by 
readjustment. In the second case, wash 
out the oil with a little gasoline and then 
stop the leakage of grease out the rear axle. 

Slipping caused by worn linings may be 
remedied to some extent by taking up tbe 
adjustment, but if too much worn for this 
they must be replaced. Replacing the worn 
lining is not difficult, as the leather or fibre 
is held to the steel band by copper rivets. 
Replace with others to hold the new lining. 

Because the application of the brake gen¬ 
erates heat, leather linings will be burned if 
kept in contact too long. For this reason, 
the brakes are usually lined with fabric, 
called raybestos or multibest os. 

If when applying the brakes, the car has a ten¬ 
dency to skid to one side, this indicates that one 
wheel is free and other dragging. Brakes are 
not equalized in adjustment. Therefore the brake 
resistance should be equalised. 

The operator can save considerable on his brakes 
If applied gradually. For instance, if a stop is to 
be made, instead of dashing up to the stop and 
applying the brakes with full force suddenly, sim* 

E ly coast to the stop and gradually .apply the 
rakes or not at all. This of course, requires 
practice. 

If a braks squeaks it is dirty and needs clean¬ 
ing by removing and cleaning with a stiff brush 
and gasoline. The dirt clogs the pores in the 
surface of the lining and glazes it over, which 
causes the squeak. 

Lubrication of brakes: While asbestos lining 
requires practically no lubrication on account of 
its high resistance to heat, it is advisable to apply 
a few drops of thin oil to the brake shoes or bands 
occasionally, or about every 2000 miles. This 
maintains a smooth surface on the brake drum. 

See that hinges, cams, toggles and lever bearing 
are kept well supplied with oil. If en external 
contracting brake should chatter, apply three or 
four drops of oil to the friction surfaces. Glean¬ 
ing brakes—see page 688. 

—continued on page 691. 


*A commo n brake trouble Is slipping—due generally to oil or grease working out of the rear axle. 
Therefore the first end most important point is to stop this leak by putting in a washer—see page 678. 
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Fig. 2 — Internal 
brake of the cam 
type. A 1 way i with 
the cam type and oc¬ 
casionally with the 
toggle type, to make 
internal adjustments 
it is necessary to re¬ 
move the wheel, car¬ 
rying with it the 
brake drum. Always 
adjust bearings care¬ 
fully when replacing. 


Adjusting Timken Cam 

Slight wear of the brake band lining ordinarily 
can be taken up without getting into the brake 

S :oper. This is done by loosening nut (Q) and 

ovine lever (J) forward one notch in ratchet (K). 
then tighten nut (Q)—perhaps two notches forward 
may be required. 

Por more band lining wear—put jacks under rear 
axle, being careful to have them press up against 
the housing proper (or, on some Timken axles, 
against the pads made for the purpose,) but never 
against the truss rods. Raise both rear wheels off 
the ground. 

Next; put all the brakes on both sides of the 
car in a complete “off" position. 

If the adjustment Is merely to take up for wear 
of the brake lining In service it is only necessary 
to (1) remove the wheel which also remoy.es the 
brake drum; (2) remove cotter-pin (B), give ad¬ 
justing screw (A) two turns to the right (i. e., in a 
•lockwise direction) and replace pin (B); (3) loos¬ 
en screws (00), give cam plates (DD)) one-half 
turn outward (i. e., to the left or contra-clockwise) 
and tighten screws (00). Put the wheel back on 
and try the brake in "off" position for a bars 
yet sure clearance so it will not drag. Try it in 
the "on" position for holding power. 

If greater clearance Is required—remove . the 
wheel end partially reverse the adjustments de¬ 
tailed in the preceding paragraph. 

If still more holding power is desired and there 
Is some clearance yet to spare in the "off" posi¬ 
tion—remove the wheel and repeat the adjustments 
to a partial extent. 

When more elaborate adjustments are required, 
than are required when merely compensating for 
wear of the lining—it Is best to use a dummy or 
skeleton drum, that is, one with parts of its outer 
flat surface cut away to give ready access to the 
interior. 

Garage men who have enough of such work to 
warrant it usually have, or can obtain from the 


Type Brake—(internal). 

Timken Co., Detroit, Michigan, a dummy drum. It 
is a great time saver. But by removing and re¬ 
placing the wheel a few times the same result can be 
obtained by "cut and try" and the following di¬ 
rections based on the possession of such drum will 
be a true guide to that method at well: 

Adjustment when using dummy drum: With both 
rear wheels off the ground and all the brakes on 
both sides of the car in a complete "off" position 
remove the wheel and insert the dummy drum in tne 
place occupied by the drum on the wheel just re¬ 
moved. 

Begin at the rear of the brake by removing cotter- 
pin (B). Turn screw (A) in or out until the 
clearance between the drum and the brake band 
lining at this point is the least possible without the 
drum touching when it revolves. Try Vfoth inch 
clearance to start and increase it if necessary only 
enough to allow all parts of the drum to clear as it 
revolves. Then replace cotter-pin (B). 

Next adjust both upper and lower halves of the 
brake band by loosening screws (C C) and turn¬ 
ing plates (D D) in or out until all parts of ths 
brake band lining just clear the drum by about 
V& 4 th ef an inch. Then tighten screws (0 0). 

To determine whether the brake band lining bears 
against the drum all around set the brakes, not too 
tight, and feel for any openings between the drum 
and the brake band lining with a thin piece of 
metal. Do this from the inner sido of the drum. 
After completing these adjustments of the braks 
band turn cam-shaft (P) with your hands (top of 
shaft forward) until the brake band lining barely 
clears the drum, allowing the wheel to turn freely. 
With the driver’s foot pedal or hand operating lever 
in "off" position adjust the length of the brake-rod 
so that lever (J) will stand in a nearly vertical 
position (leaning slightly backward). 

Then tighten nut (Q). In replacing the wheel 
be sure to properly adjust the Timken bearings. 


CHART HO. 280-A—Adjusting Timken Brakes— Continued — Internal expanding band — “Cam” 
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F— Toggle adjusting 
screw. 

G—-Connecting link. 
H—Stop ecrew. 

L —Fulcrum pin. 

M—-Toggle pin. 


Fig. 3—Timken internal expanding band operated by a "toggle** me* 
chanism; this type is equipped with a triangular covered opening in the flat 
part outer surface of drum—through which adjustments can be made with* 
out removing wheel. In extreme cases—a dummy brake drum can be used, 
as explained in chart 280-A, which of course saves time. These directions 
explain the adjustments with or without the use of the dummy. 


Adjusting the Timken “Toggle” Type Brake—(Internal). 

First of all put jacks under the rear axle, being careful to have them press up against the housing 
proper (or, on some Timken axles, against the pads made for this purpose), but never against the truss 
rods. Raise both rear wheels off the ground. 

Next put all the brakes on both sides of the car in a complete "off** position. 


Begin at the rear by removing cotter-pin "B,** turn screw (A) in or out until the clearance between 
the drum and the brake band lining at this point is the least possible without the drum touching when it 
revolves. Try Ifath inch and increase it if necessary only enough to allow all parts of the drum to dear 
as it revolves. Then replace cotter-pin (B). 



Timken tapered cone type rol¬ 
ler bearing. Used for wheel bear¬ 
ings, axle bearings and different 
parts of the oar, see pages 678 
and 674 of Timken axles—showing 
use in connection with axle parts. 
The part to the left Is a case hard* 
cued steel race in whioh the roller 
friction is applied. Note also the 
inner raoe. (see page 86 for other 
types.) 


Next adjust both upper and lower halves of the brake band by 
loosening (00) and turning screws (DD) in or out until all parts 
of the brakeband lining just clear the drum by about of an 

inch. Then tighten screws (00) to lock th# adjustment. 

Next adjust the toggle so that a straight line touching the rear 
of the heads of pins (LL) will just touch the front of pin M. Loos¬ 
en screws (EEEE) and turn screws (FF) until the forward edge of 
pin (M) is barely visible under any short, thin straight-edge laid 
against the rear of the head of pins (LL.) When this is true tighten 
screws (EEEE). 


Adjusting a Timken Bearing. 

To adjust Timken bearing—turn the bearing up tight, and re¬ 
volve the wheel a few times by hand, which overcomes any tendency 
to back-lash. Then back off the adjusting nut very slightly, so 
that grasping the two spokes in a perpendicular line—one above 
and one below the hub—you begin to feel a very slight shake in the 
wheel. If this is more than barely perceptible, it is too much; and 
the adjusting-nut should be a little tighter. When you have it just 
right lock it and the bearings will give the best of service. 


CHART NO. 260 -B—Adjusting Timken Brakes— Continued—Internal expanding band — “Toggi 
type. Timken Boiler Bearing Adjustment. 
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Overhauling Brakes. 

There are three things which must be particularly noticed in taking care of brakes and 
putting them in condition: 

(1) There must be no grease on the shoes; (2) The fabric 
must be in the best of condition; (3) The brake linkage rnnst 
apply the brakes when pedal is depressed. 

The grease: The grease which penterates to the brake lining 
usually works its way from the differential and can be stopped by 
renewing the washer in wheel hub. 

To remove grease, first remove wheel, then inspect brake lining 
and see if it will come under head of No. 1 or No. 2 in the list 
above. 

If a coating of grease is over the surface of the fabric there will 

be two methods of procedure. The first method for removing 
grease is by the application of gasoline. This removes the grease 
from the outer surface very well but not from below the surface 
of the fabric. A blow pipe torch can be used in this instance, 
which can be gently applied as shown in fig. 1, being careful to 
not char the fabric. 

After the heat has been directed against the surface of the brake for 
a short length of time it will be noted that the grease will literally fry out 
of the fabric, leaving it upon the surface in the form of a black carbonace¬ 
ous deposit. In this state it is readily removed by a cloth steeped in gaso¬ 
line. The surface of the brake will now be in good condition if the luting 
has not been worn out. 



Fig. 1—Removing grease 
from under fabric. 



Fig. 2—Method of cut¬ 
ting rivets on worn band. 



Fig. 3—Punch the cut 
rivets out. 



Fig. 4—Method of de¬ 
termining length. 



Fig. 6 —Method for mark¬ 
ing lining for hole. 



Fig. 5—Placing rivets. 


If brake lining is badly worn down so far that fabric lining is 
too thin to be of service, then a new brake lining must be 'applied. 

Relining Band Brakes. 

To reline the external brake: First, jack up rear wheels. Dis¬ 
connect the levers, etc. from the brake bands and remove wheels 
and bands, being careful to keep all parts separate so they can be 
replaced with ease. 

Second; wash all parts in gasoline, or kerosene to remove grease 
and dirt. 

Third, remove old brake lining, by placing band in a vise and 
cut the rivets with a chisel, fig. 2, then open up the bench vise 
about % inch, setting the bands so that the old rivets come over 
the opening one at a time, drive them out with a nail set, fig. 3. 
As the heads will most likely be worn off, it is easier to drive 
them from the lining side through to the band side. The old lining 
can then be easily removed from band. 

Measuring: It is best to secure the lining from the automobile 
dealer or manufacturer ready to apply, but if this is not possible, 
then proceed as follows: Lay a tape measure around the outside 
of the external brake band allowing for an over-lapping of about 
y% inch at the edges of the band opening. Or place the lining in¬ 
side of the band per fig. 4, or measure the length from the old band. 

In marking the lining for the holes, lay the wheel on a bench or 
the floor, hub side down, and putting the lining and band in place 
on the drum, as shown in fig. 5, wire the band so as to hold it in 
place correctly. With a pencil, using the holes in the band as*a 
template, mark the lining. The holes can then be made by using a 
harness leather punch, or hand punch. It is important that the 
holes be in the correct position so that there is no slack in lining 
to form a hump. If too short it will lay uneven in the band. 

Securing band to lining. With the aid of a few small bolts aad 
nuts placed at intervals, secure the lining to the band in its proper 
position. The next step is to countersink the holes so the rivet 
heads will be below the surface of the lining. To do this properly 
one should use a countersinking tool made for such purpose, as 
shown in fig. 8, page 690, one can get good results however, with a 
wood screw countersink tool and a brace. If the latter is used it 
should be sharp or the lining will tear. Do not countersink too 
deep, just enough to permit rivet heads to be below lining surface. 

—continued on page 080 


HART NO. 2800 —Overhauling Brakes. Relining Brakes. 
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—continued from page 688. 

To place rivets, see fig. 6, this shows a way 
)f rising a bolt held in a vise with the head 
the bolt resting on the arm of the vise to 
give a solid foundation. 

The illustration shows internal brake curved up 
ind external brake curved down. The rivet head 
goes next to fabric and riveting always done on 
the band side. 

Insert a rivet through the lining and band 
aa in fig. 6, the head of the rivet resting on 
the bolt, draw the rivet snug with a rivet set, 
or short piece of small gas pipe. Two or 
three blows with a hammer will be enough 
to draw the rivet head and lining tight and 
in place, too much pounding is very bad as 
well as unnecessary as it will tend to draw 
the rivet deeper in the lining and perhaps 
weaken it to the point of breaking through. 
Not over & ia- should protrude through band. 

To rivet: Still holding the band in the 
same position, the projecting or the hollow 
end of the rivet is peined down with the ball 
pein of the hammer till a good head is formed 
and the rivet draws tight. 


When riveting the external brake, start at 
one end and work to the other, being sure 
the lining fits tight, otherwise there will be 
humps. A method employed by many repair¬ 
men to get band tight is shown in fig. 7, 
page 690. 

The riveting is started at the center on the 
internal brake, working out from the center 
on both sides and stretching as the work pro¬ 
ceeds. Any surplus lining which extends be- 
yong the bands after the riveting is com¬ 
pleted is cut off flush. 

The rivets used are of soft brass with 
cupped head and hollow end and can be sup¬ 
plied by accessory houses. 

Do not remove the bolts that were used as tem¬ 
porary holding until the holes not occupied by 
bolts have been filled with rivets. This will com¬ 
plete the foot brake and the same methods are used 
in relining the internal or hand brake. 

If brake is of the metal to metal type then 
it is a matter of adjustment. 


Relining Brakes on Dodge. 

Operation: (1) Jack up rear wheels; (2) remove wheel flanges; (3) remove wheel bearing 
adj. nut; (4) remove wheel and brake band; (5) wash brake bands; (6) remove old brake lin¬ 
ing; (7) rivet new lining bands; (8) re¬ 
place brake bands; (9) put wheel on; (10) 
replace and adjust wheel bearing adj. nut; 
(11) replace wheel flanges; (13) adjust 
brakes. 

Adjusting Dodge Brakes. 

External brake is connected with foot 
brake pedal: Adjust the hex check-nuts on 
the lower part of the adjusting yoke, as 
well as the wing nut (W) at the top, in 
order that the band may be taken up as 
much at the bottom as the top. 

Bee that the 11 brake-supports 19 are adjusted so that the brake band takes hold evenly 
all the way around and does not drag when released. 

To adjust the internal brakes, take up on front end of pull rod. 

Material required for a Dodge brake relining job; 88 in. lining 2%x& inch for external 
brakes; 71 in. lining 2x& inch for two internal brakes; 12 steel cotter pins inch; 80 

brass rivets & in. long, % in. di., % in. head. 

’ Adjusting Brakes on Buick light Six. 

The internal and external brakes are steel bands lined with friction fabric. The foot 
brake pedal connects with the external contracting band and the hand, or emergency brake 
lever connects with the internal band. 

Adjustment of the foot or 
service brake: (1), adjust 
rear support screw leaving 
A in- clearance; (2), adjust 
bottom of band to drum to 
A in. clearance; (3), adjust 
top clearance same. A 
* 1 thumb-screw 9 9 takes up 
top half of band and a 
“ hex-nut ’ 9 on lower part 
of it, takes up the lower 
half of band. 

Adjustment of the hand or 
emergency brake: The ad¬ 
justment can be made by 
shortening the rods with the 
turnbuckles. 



lOMCt BRAKf PEDAL 





ADJUSTING TUBVBUCKU 
EXTERNAL BRAKE 9V)TT 
INTERNAL DRAKE MATT 
ADJUSTING THUMB SCREW 


IXTSRMAL BRAKE BAND 



KART NO. 280 D—Relining Band Brakes. Dodge Brake. Buick light Six Brake Adjustment. 
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Torque arm repair—Figs. 1, 2 and 3 explain how a torque member 
on the Studebaker can be repaired when the wear cannot be taken up by 
simply tightening the nuta in place. The nuts and bolts are removed 
and holes drilled for oversiae bolts. %e inch bolts will do and are plaoed 
with heads in side in the two forward aide holea only. The heads are 
dressed down. A better job will result if holes are first drilled slightly 
smaller and then reamed. A steel wedge piece, thickness slightly greater 
than the space between gearbox and torque arm fastened by a single 
rivet is used aa shown in figs. 1 and 2. Drive torque arm on gear 
box and boh in place. 
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Fig. 8—A brake lining counter¬ 
sink for flat head rivets %s. % 
and i %2 inch. This device will 
countersink holes in any style of 
brake or clutch lining. Shank is 
%e inch di. and works on a band 
or power drill. (Stevens Oo^ 875 
Broadway, N. T.) 

An anti-slip brake wafer is a 
handy thing to slip between brake 
drum and band when brakes slip— 
mfg’d by Armiger Chemical (V. 
2255 Austin Ave., Chicago. 
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By the following method the same cylinders may be used, and the clutch placed 
m satisfactory operation without the necessity of installing any new parts. 

To do this it is only necessary to remove the starting clutch and gear. 
c3 clean the parts and again assemble them. After the assembly, strips of 
3 cork, about % inch thick are inserted at the rear end of the chxtch cylinder 
sSil recess, in the manner shown in fig. 1. These hold the cylinders out, and 
Llr cause them to engage properly. (Motor World.) 
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Fig. 12. Steering Device Adjustment* 

To adjust mesh of worm and gear—(Mitchell as example.) After 
removing clamp plate holding steering gear to frame, move up far 
enough to make accessible; take out spring retainer **0" and turn the 
eccentric bushing "B” until proper mesh is obtained. 

If, after the gears have become worn after long usage to such an 
extent that the adjustment will not prove satisfactory, the gear “D" 
can be turned one-half revolution and this will place the unworn part 
of the gear in mesh with the worm “E,” saving the expense of re¬ 
newing the complete gear When making this change it will be neces¬ 
sary to put a new notch in the corner, which becomes the top, so that 
the pinch holt .of the steering arm oan be installed. 


Remove steering wheel Take off spark, throttle lever end qua¬ 
drant, loosen the pinch screw in collar that lets down tight agalnet 
inf wheel hub. Unscrew collar and by tapping at hub the steering 


steering wheel hub. Unscrew collar and by tapping at hub 
wheel oan be removed. 
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Adjusting Brakes. 


There are two types of brakes in general use, 
the internal expanding brake and the external con¬ 
tracting brake—see page 685. 

Most of the brakes now in use are lined with 
brake lining or a kind of asbestos fabric. 

Before starting to adjust the brakes, jack up 
the wheels and see it the bearings are tight, if 
loose, brakes will be out of line and bearings 
should be taken up. 

Test brakes to see if band is badly worn. If 
so, a new lining will be needed. Also see if the 
lining has worn down to such an extent that the 
rivets have cut the brake drum—if so, then the 
wheel must be removed and the brake drum 
smoothed down with emery cloth, or in bad cases 
turned true and even on a lathe. If band is not 
entirely worn down then the brake, band can be 
adjusted for clearance. 

Clearance adjustment of the external brakes is 

very important. If the band touches the brakes 
at different points of its circumference then the 
brake will drag at that point, which of course, 
consumes extra power and wear on the lining. 
The purpose of adjusting this clearance is to re¬ 
lieve the drag or to take up on an excess of clear¬ 
ance due to wear of lining. 

The proper clearance on most brakes is about 
to ^4e inch all 'round. Usually this clearance 
can be taken up by loosening the lock nut 0, page 
684 and tightening up tke nut (D). This ordin¬ 
arily is sufficient. If however, the clearance is 
more or less at the rear, then the clearance can be 
adjusted at A and B. The top half of brake can 
be adjusted by screw (F). However, the top half 
of brake is always given slightly more clearance 
than the bottom because the drum revolving in a 
right hand direction has a tendency to draw the 
top half of band to the drum. 

If the brake drags at any other point in its cir¬ 
cumference, then a large screw driver can be 

♦♦Steering Gear 

There are three general used types of 
steering gears; the worm and nut (see Jacox, 
chart 281); the worm and wheel (Warner); 
and the bevel type, fig. 7, chart 281. 

Taking the simplest first (fig. 7) the bevel 
type requires very little care and what there 
is, is so evident to anyone who will look at 
the device that there is little need of de¬ 
scription. 

Enough to say that the oil cups which 
lubricate the pinion bearing and the steer¬ 
ing arm bearing (B) should have their due 
attention. A filling at least once in two 
months and preferably twice that often. 
There is generally an adjustment just above 
the pinion bearing with which all lost mo¬ 
tion can be taken up. 

In the worm and wheel type, there are 
generally two adjustments, one which oper¬ 
ates on the worm, the tightening of which 
eliminates up and down motion of the worm, 
and the other in the form of an eccentric 
bushing which supports the steering arm 
and wheel. 

The first mentioned adjustment is general¬ 
ly a nut on top of the steering gear housing. 
By screwing the nut down the thrust bear¬ 
ings are brought together and up and down 
motion is removed. The eccentric bushing, 
which is generally held in adjustment by a 
locking bolt, permits the wheel to be turned 
farther into the worm, thus giving a closer 
engagement of the teeth and taking up the 
lost motion. 

Any steering gear Is difficult to lubricate, 
and furthermore, requires more lubrication 


wedged between brake band and drum and by 
slightly hammering on each side of the band the 
clearance can be gained, together with adjustment 
of the adjustment screws and nuts. 

Many repairman adjust brakes with wheels on 
the ground and after making adjustment, car is 
moved backward and forward to see if band drags 
and be sure that both brakes are adjusted equally. 

To adjust the internal brake, see pages 686 and 
687. Ordinarily the adjustment is made by tak¬ 
ing up on the pull rods. 

Don't forget to oil aU the levers and Joints con¬ 
nected to the brake after making adjustment. 

The foot brake requires more adjustment be 
cause it is used most. The hand brake is mostly 
used for locking the wheels when standing and at 
intervals in conjunction with foot brake on steep 
hills, therefore it requires less attention. 

Brake Pedal Adjustment. 

Sit in the driver’s seat and test the pedal to 
determine if it is in the correct position for proper 
braking tension when brake pedal is applied. If 
not, it should be adjusted by movement of turn- 
buckle, per page 680. The lever (M), page 684 
should be in toward the band in order to allow 
for full leverage. 

Brake Lining—Size and Price. 

There are several good brands of brake lining 
on the market. For instance Multibestos, Ray- 
bestos, etc. 

The sixes are usually measured in thlckneee and 
widtn and sold by the length, per foot. 

The thicknesses run from %, Hs, %e. % and %e 
inch. The widths run from 1, 1%, lVfc, 1% on up 
to 6 inches wide. The price varies from 38c per 
foot to |8.60 per foot. The Ford uses l%x%e 
and soils for 40c per foot. 

Adjustments. 

than Is generally appreciated. The difficulty 
in oiling is that there is practically no pump¬ 
ing action. As a result, the steering gear 
housing should be kept very nearly full of 
grease at all times. Some manufacturers 
recommend light transmission grease, others 
heavy graphite. Either lubricant will work 
well if it is kept packed in. This is im¬ 
portant. Keep it packed in. Not enough 
grease means a partially dry worm. 

The worm and nut type has one adjust¬ 
ment. This is in the form of a nut on top 
of the housing, locked with a locking bolt, 
which applies pressure to the nut by draw¬ 
ing together a slotted portion of the casting. 
In this type there are two half nuts which 
surround the worm. The adjustment re¬ 
moves up and down motion in these half 
nuts. When the adjustment cannot be made 
with the nut, the worm may be reversed and 
a new bearing surface will be created. This 
adjustment is not possible in all makes. 

Limits of adjustment: Adjustments in all 
types, providing the wear is not excessive, 
allow adjustment from very nearly zero to 
a matter of 2 inches or more on the rim 
of the steering wheel. The writer does not 
recommend a certain amount of lost motion. 
It is a matter of driver's preference and 
steering gear makers themselves grant that 
no standard can be set. 

A very tight adjustment inflicts a strain on the 
driver, because the steering gear, being slightly 
reversible, transmits road shocks (which can easily 
be taken up by allowing a slight play in the steer¬ 
ing assembly) to the driver's hands and arms. It 
might bo said that lVs inches on the steering 
wheel Is the average amount of play. Too much 
play is dangerous however, when making quick 
turns. 


The Timken brake in three types are used as examples for adjusting brakes—as per charts 280. 
280-A and 280-B. **8ee page 692 for address of steering gear manufacturers. 
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rue Jicax >ueriFi B pesr hit ■ aubBtsntiii nee< 
worm «IKISsrd 5y j iAAtl-stesI nut which it spill 
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turning the wheel csuiea ant hair nut to rise 
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adjustments, one back of the thrust bearing and the 
on the trunnion shaft bearings, the shaft being held In e 
trie bushings. The use of a full wor m whee l and a e 
and shaft allows the four quarters of the worm wheel 
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9ABT NO. 281—Steering Devices—Types In General use — see “Specifications of Leading Gaza, 
pages 643 to 646, for types used on different ears. (Automobile.) 

Idress of gear manufacturers : “Jacox,®* Jackson, Ohnrch Wilcox, Saginaw, Mich.; “Lavinet” Lavine Gear 
icine, Wid.; “Warner,” Warner Oear Oo., Mancie, Ind.; “Boss,” Ross Gear A Tool Oo., Lafayette* 3 
Samoa,” Barnes Gear Oo., Oswego, N. Y.; “Gemmer,” Gemmer Mfg. Oo., Detroit, Mich. 






ADJUSTING WHEELS, BRAKES AND STEERING. 



Maxwell Steering Gear. 

Maxwell steering gear is of the worm and wheel 
type and hae two adjustments. 

If an excessive amount of end play or lost mo¬ 
tion exists, remove the two upper bolts in the 
steering-gear shaft coupling and pull the steering 
wheel and shaft upwards. Then unscrew the 
steering arm clamp nut and remove the steering arm 
with the worm wheel shaft. The steering gear worm 
adjusting plug clamp screw should then be loosened 
and while turning the steering gear with a hand 
on the coupling about a quarter turn to the right 
and left, tighten the plug until the play is taken up. 

If there is still lost motion in the steering wheel, 
remove the steering arm and turn the wheel until the 
steering arm clamp has rotated a quarter turn and 
replace the steering arm, thus giving the gear and 
worm a new bearing surface. 

The steering gear filler plug on the side of the 
housing is for admission of soft cup grease and 
the easiest way to fill the housing with lubricant 
is to insert it with a grease gun. 

Studebaker Steering Geer. 

Studebaker steering gear—Provisions have been 
made for adjusting end play in the Studebaker 
steering column by turning the nut on top of the 
steering gear housing. Turning it down takes up 
the play. 

In the steering gear housing there is located an 
oil plug, as shown in the illustration. By remov¬ 
ing this plug grease can be foroed into the housing 
with a grease ran. Grease should be put in about 
every 1,000 miles. 

Directly above the plug is a grease cup which 
lubricates the worm-shaft bearings. Also at the mid 


of the worm-wheel shaft 
there is another grease cup. 
This is directly outside of 
the frame. Each of these 
cups should be emptied every 
1,000 miles of course be¬ 
ing turned down at regular 
intervals. 

Bulck Steering Gear. 
Bulck steering gear—The 
steering screw is provided 
with a ball-thrust bearing 
at its upper end and an ad¬ 
justing nut, by means of 
which lost motion may be 
taken up. For best results, 
the factory recommends that 
the steering wheel should 
not have over 1% inches of 
lost motion in its rim. The 
adjusting nut is, of course, 
turned down to take up 
play. 

An oil plug is provided in 
the gear housing and this 
housing should be kept con¬ 
stantly filled with very 
heavy flowing oil. There is 
a small oiler in the hub 
of the steering wheel which 
lubricates the upper bear¬ 
ing of the steering tube. A 
few drops of oil should be 
inserted here every 600 
miles or so. The ball joints 
of the steering connect¬ 
ing rod should be kept pack¬ 
ed with a soft cup grease, 
one cupful to be screwed 
down till empty, about 
every 600 miles. 

Dodge Steering Geer. 
Dodge steering gear—To 
take up end play in the 
worm shaft of the Dodge 
steering gear, loosen the 
gear shaft connection and 
the set screw and check 
nut on the adjusting nut 
at the top of the steer¬ 
ing gear case. Then screwy 
this adjusting nut down 
until all play is removed. 
Be careful not to tighten 
the nut so much that the 
steering gear will bind. 
Tighten all you have loos¬ 
ened, after the adjustment has been made. 

To remove any play which may develop between 
the worm and the worm wheel, the adjusting plate 
of the worm wheel shaft eccentric bushing can be 
turned until the worm wheel is driven into closer 
mesh with the worm. 

After much wear, further adjustment can be made 
by reversing the adjusting plate. After long usage, 
the steering-lever arm can be disconnected and the 
worm turned end for end and reinserted. 

Pack the steering gear case with grease, (graphite 
grease is advised by the factory,) every 1,000 miles. 

Overland Steering Gear. 

To correct play in the steering gear, first jack up 
the front of the car so that the* steering apparatus 
may be moved freely. Then lobsen the two clamp¬ 
ing bolts. Now turn the slotted adjusting nut to the 
right carefully to take up any slight amount of wear 
that may have developed in the ballthrust bearings, 
until the steering wheel no longer has any lost mo¬ 
tion. Next turn the steering wheel hard around and 
adjust the worm gear by turning the eccentric bush¬ 
ing. Make this adjustment with the steering wheel 
turned to the extreme right and left, because the 
steering gear is bound to wear most in the center 
due to most of the car's travel being straight ahead. 

After the bushing has been adjusted on several 
occasions and the play remains in spite of its ad¬ 
justment, it will be necessary to remove the ball arm 
by first removing the clamping bolt. Then turn the 
steering wheel one and a half times around. This 
will present a new surface (there are four surfaces, 
as shown in illustration) to the gear. Make ad¬ 
justment as before, of course, in replacing the ball 
arm. 


OHABT MO. 282—Adjusting the Steering Device of a Pew of the Leading Oars— as an example. 

(Motor Age.) j 
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Hudson Oiling Adjustments. 

This subject is treated on pages 198 and 200. Ad- 
ditional matter is given below. 

Evidence of Poor Adjustment. 

1— Excessive and continued smoking at slow speeds. 
Sooty plugs. 

This indicates that the central eccentric does not 
shorten the stroke of the pump sufficiently. Ad¬ 
justment of control eccentric necessitated. 

2- Oil pressure gage readings other than from % to 
1 lb. when idling or 2 to 2ft lbs. at high speed. 
Eccentric adjustment necessary, or a leak in the 
oil pipe lines. 

8-Engine hot. 

Dirty oiling system, necessitating cleaning and 
change of oil, with possible readjustment. 

4—A pressure reading at slow speeds—none at high 
speeds. 

Oaused by the control cam permitting the plun¬ 
ger to work at slow speeds but stopping it at 


until it is entirely free from plunger. 

(This point can be determined when engine is id¬ 
ling by turning the screw (fig. 2) until a point 
is reached where the screw turns freely.) 

3- It is then in the position shown in fig. 8. per¬ 
mitting the plunger to take full stroke under nil 
conditions. 

4- Speed engine up. 

5- Note oil pressure. It should be about 2% lbs. 
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high speeds. Adjustment of cam necessary. 

It is usually advisable to remove the oil pan, 
clean and refill with new oil in case of any oiling 
troubles before making any adjustments. A 
draining and replenishing of the oil supply is 
advisable every 1000 miles; or after the first 
500 miles with a new car. 

To Clean the System. 

1- Remove oil reservoir, drain plug and drain system. 

2— Remove base. 

8—Remove two bolts holding oil reservoir, screen 
in place, and wash with gasoline or kerosene 

4- Wash oil troughs and reservoir with gasoline or 
kerosene. 

5- Remove oil suction tube and see that it is open 
and clean. Blow out, if necessary. 

6- Replace oil suction tubes and make all joints 
tight, otherwise the oil pump will draw air, pre¬ 
venting oil circulation and destroying the ac¬ 
tion of the pump. 

7- Fill oil troughs with oil. Replace base. 

If the oil troughs are not filled, the bearings 
etc., may not receive oil enough to prevent dam¬ 
age when starting the engine. 

8- Reflll the reservoir with new oil. This takes 
somewhat over 8 gals, and the indicator gage at 
the right of the engine should be about halfway 
up the column. 

To Adjust Oil Pump. 

1- Loosen throttle arm on pump-control eccentric at 
the righl side of engine. 

2- Turn control eccentric arm with a screwdriver 


6- If it is more than 2% lbs. stop engine, remove 
oil valve spring, as shown in fig. 8, and stretch 
it slightly. 

7- Replace spring and again test. 

8- Should the gage read less than 2ft lbs., squeeze 
the spring shorter and test. 

9- Oouple up throttle lever as shown in fig. 2. 

10- Start engine. Let it run with closed throttle. 

11- Turn adjusting screw (flp. 2) in an anti-clock¬ 
wise direction until the oil gage registers % to 
1 pound. 

12- Lock throttle lever in place. 

-To Check Up Adjustment. 

1- Remove plug, shown in fig. 8, and insert a match 
or nail in the hole, bringing it into contact with 
the plunder head. The pump can be felt going 
through its stroke. (Oare must be taken in do¬ 
ing this, as the fan runs very close to the plug 
and offers opportunity for injury.) 

2- When the engine is idling, with the throttle 
closed, the stroke of the plunger should be 
about ^2 inch. 

3- When racing, the plunger should have a stroke of 
about V4 inch. 

4- With the throttle open the mark (0) on the 
control eccentric arm at the coupling should 
be just forward of the vertical (see fig. 4). 

(In making any adjustment on the oil pump, 
always start with the control eccentric in the 
inoperative position and follow the steps through 
as outlined, otherwise the cam may be set in 
the wrong position.) 


Principle of Operation of The * 4 Bali and Spring" Oil Preasnra Regulation, 

The method of regulation of the pressure, where a ball check and spring is used is shown on pages 
198, 200, 741. The ball and spring performs the same function as a safety valve on a steam boiler. It 
can be placed any where on the system (preferably farthest point away from oil pump). There are oer* 
tain positions of crank shaft when no oil channels register and pressure would build up excessively high 
were it not provided with some means of release. When pressure exceeda that at which the regulating 
screw is set, it forces the ball off its seat and the oil passes through channel to lubricate the chains, u 
this regulating screw were set at too low a pressure, then all the oil would pass out under the ball and 
your crank pins would go dry. If set too high the oil feed would be too great and smoke, carbon and 
fouled plugs would be the result. 


HABT HO. 282-A—Adjusting Hudson Super-Six Oiling System—also see chart 99-A and page 299. 

lee page 198. 200 and 741. (Motor World.) 
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HOW TO USB TOOLS AND MAKE REPAIRS.’ 


INSTRUCTION No. 46-C. 

HOW TO USE TOOLS AND MAKE REPAIRS: Screw 
Threads Explained. Taps; explanation and use of. Drills; 
how to sharpen and use. Tables giving Tap and Drill Sizes 
for S. A. E. and U. S. S. Screws. How to use Measuring 
Instruments; micrometers, gauges and machinists tools in 
general. Brazing. Welding. Soldering. Annealing and 
Case Hardening. Tube Bending. How to make Gaskets. 
Oxy-Acteylene Welding and Cutting. Repairing Broken 
Parts. Silent Chains; care and adjustment. 

I 

•How to Solder Aluminum. 


The subject of soldering is treated in 
charts 289 and 290. Under this head we 
will treat on the subject of soldering 
aluminum. 

There are various compounds on the mar¬ 
ket for soldering aluminum, but this opera¬ 
tion depends more on the workman than 
on the solder, and unless considerable ex¬ 
perience has been had it is probably better 
to purchase solder than to attempt mak¬ 
ing it. 

Zinc can be used, but does not form a very 
strong joint. Tin can also be used, is more 
nearly the color of aluminum, is stronger 
than sine, but is very difficult to work. A 
small proportion of phosphor tin added to 
pure tin makes it work more readily and is 
the basis of most aluminum solder. 

The chief difficulty in soldering aluminum 
is that the heat is dissipated so rapidly that 
it eools the soldering iron, and furthermore, 
aluminum oxidizes instantly upon exposure 
to the air. This extremely thin film effectu¬ 
ally prevents a perfect union being made. 
If the parts are well heated and melted 
solder kept melted by allowing the iron 
to stand on it, the surface can be scraped 
beneath the melted solder by the point of 
the soldering iron, thus preventing to a cer- 


•••Methods of 

Case-hardening of iron or steel is a process 
which causes the metal to absorb a certain 
amount of carbon so that the resulting mass 
will have a hard coating or case while the 
interior remains soft. The process varies 
and a great variety of carbonaceous sub¬ 
stances are used for introducing the car¬ 
bon into the metal. Solids are used more 
extensively than either liquids or gases for 
this work and some of the more common 
substances are charcoal obtained from wood 
or bone, charred leather, a mixture of bar¬ 
ium carbonate and charcoal in the propor- 

*8ee page 711. ***8ee page 696. 


tain extent the oxidation. In this way the 
metal can be tinned. 

When both parts to be brought together 
are well tinned, the parts can be united with 
some chance of success, nitrate of silver, 
resin, or zinc chloride being used as a flux. 

A nickel soldering tool gives more satis¬ 
factory results than a copper one, as the 
latter alloys with the tin and soon becomes 
rough. 

Cleaning the metal: If the surface is of 
such a shape that it cannot be readily 
cleaned by scraping, it can be cleaned by 
dipping it into a solution of nitric acid in 
three times its bulk of hot water containing 
about 5 per cent of commercial hydro-fluoric 
acid. This causes a slight action on the 
surface of the metal as shown by bubbles. 
Binse the metal after removing from the 
acid bath and dry in hot sawdust. 

Aluminum solder: The following formula, 
in the hands of a competent man, can be 
used to unite aluminum or aluminoid parts: 
tin, 10 parts; cadmium, 10 parts; zinc, 10 
parts; lead, 1 part. 

The parts to be united must be thoroughly 
cleaned and allowed to stand two or three 
hours in a strong solution of hypo-sulphate 
of soda before being operated upon, or 
cleaned in the acid bath described above. 

Case-Hardening. 

tions of 40 to 60 per cent respectively, 
powdered bone, salt 16 per cent, charcoal 
90 per cent, animal black, charcoal and po¬ 
tassium carbonate, potassium cyanide, etc. 

Any of the compounds above may be ob¬ 
tained at wholesale drug houses. It would 
not pay to buy of the retail druggist, (sec 
also page 696). 

The extent of the hardening (that is, the 
thickness of the case), will be dependent 
upon three things, namely: the temperature 
pf the part to be hardened, the time the 
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•How to Oue 
Harden Steel. 

The outer sur¬ 
face of any piece 
of soft steel may 
be made hard by 
case hardening. 
Its purpose is to 
increase the 
strength and 
wearing qualities 
of the steel. All 
machine work to be done on the steel should be 
done before the case hardening, as grinding alone 
can be done afterward. (If any part of the piece 
must be left soft, this may be done by covering 
that part with asbestos paste or ^aper.) 

The hardening compound: Mix 9 % parts of 
fine charcoal with 2% parts of table salt. Place 
2% parts of kerosene oil in a dish, and put with 
it as much sawdust as is required to soak the ke¬ 
rosene up. Now mix the sawdust and oil with the 
charcoal and salt. This compound may be used 
many times. 



Pig. 1. Oase hardening steel. 
The pieces are packed in a 
pipe with the hardening com¬ 
pound—but they must not touch. 


Straightening Warped Pieces. 



Uneven heat and uneven cooling warps the steeL 
Case hardened pieces can not be straightened by 
pressure or by pound¬ 
ing as this cracks the 
case. To straighten 
a warped piece of 
case hardened steel: 

1— Find the high or 
“bowed” part. Mark 
this with a chalk 
line. 

2— Heat the pieee 
slightly—never near 
a red heat. (The 
amount of heat de¬ 
pends on the warp, 
and can only be de¬ 
termined by trial.) 

3— Clamp the piece 
in a vise between the 
blocks as shown in 
flg. 2. 


The crucible: Get a piece of iron pipe long and 
large enough to hold the pieces to be hardened 
(fig. 1.) Pack the pieces in this pipe with the 
hardening compound. Do not let one piece touch 
another, or touch the pipe side, but keep them 
well apart with the compound. Now close both 
ends of the tube with fire clay. 

A large forge fire is necessary for beating the pipe 
and the pipe should be heated to a bright red heat. 
The length of time varies depending on the size of 
the pieces, and the depth of case desired. 

Ordinarily two hours at bright red heat will give 
Vm inch case. This heat should be held as evenly 
as possible to give an even case and reduce warping 
effects. 

To produce the maximum strength, two heat 
treatments are necessary after hardening. First 
heat each piece to a bright red and plunge in oil. 
Then again heat it to a dull red, and plunge. This 
will give a fine grain both in the core and in 
the case. 

Quick Oase hardening: If a thin case is de¬ 
sired, this may be applied quickly by heating the 
piece to redness and sprinkling the part to be 
hardened with potassium cyanide. Keep the tem¬ 
perature constant for 4 or 5 minutes, then plunge 
the piece in water or oil. An exceedingly thin 
case will result that will increase the wearing 
qualities of the steel, better its appearance and 
prevent rust. 

Another Method of Oase Hardening. 

It is possible to case-harden small pinions quite 
well by bringing them to a uniform bright-red 
heat and plunging them into finely-powdered yellow 
prussiate of potash, repeating the operation three 
or four times, and finally plunging into clean cold 
water whilst still at a red heat. The mild steel 
absorbs carbon from the potash to a depth of about 
%oth of an inch, and this surface hardens perfectly 
on the final cooling. Nuts so treated resist rough 
usage with the spanner much better than an or¬ 
dinary soft-surface nut. 

In treating parts of this class it is, however, 
important to remember that the threaded part 
should be filled up with clay so that it does not 
come in contact with the carbonizing material; 
otherwise it will be certain to be spoiled. Any 
roughness of the surface, such as on the teeth of 
pinions, can be smoothed off with emery cloth 
wrapped over a thin flat file. Parts made from 
tool or high carbon steel, are readily hardened by 
making them red-hot and plunging them into cold 
water. The correct heat is important, because if the 
parts be heated to a very bright red, they may be 
spoiled or decarbonized, and if to a white heat, 
certainly so. On the other hand, if made barely 
red, the parts will not harden. 


4—Direct stream of water at chalk line. This will 
contract the long side and make piece straight. 

••▲ Home Made Gas Blow Torch. 

Small soldering jobs, especially in cramped quar¬ 
ters, may be most readily done by means of a blow¬ 
torch. Such a torch may be made from pipe fit¬ 
tings in the man- 
[ to c*c inf: n e r illustrated. 

In brief, it com- 
1 prises a piece of 
pipe, attached to 
the gas main by 
a length of rub 
ber hose, with an¬ 
other piece of 
pipe, attached to 
the air line, and 
welded to the 

- - spacer cross-brace is 

welded between the two pipes, at the rear, mak¬ 
ing the torch a unit. A valve on the gas pipe ren¬ 
ders regulation of the flame easy. Though this 
torch is somewhat small for brazing jobs, a heavier 
torch could readily be made for that purrose—see 
also flg. 17, page 720, and 472. 



gas nozzle as shown. A 


tGas Torch and Soldering Iron. 

A—copper soldering iron. B—gas burner tube. 
0—gas burner. D—gas tube to connect hose. 

This is a well-made tool. Oan be used with 
illuminating or acetylene gas by attaching to gas 
burner or Prest-O-Lite tank with rubber tube. By 
removing the soldering iron the burner can be used 

as a blow pipe 
for brazing, also 
soldering alumi¬ 
num — for sale 
by Auto 8upply 
houses. 



Starretto Gas Heater. 

The heater will be found very useful in the ma¬ 
chine shop, as it is convenient for tempering small 

I tools, heating sol¬ 
dering irons, melt¬ 
ing lead, babbitt, 
etc., and as a 
forge for light 
work it will be 
found very valu¬ 
able. 

It consists of 
1, 2, or 8 burn¬ 
ers, with or with- 

Double Tube Gas Heater, l 

to the ordinary gas jet. A ladle 14 inches long, 
holding 12 ounces, can be had of the same Oomnanv 
L. E. Starrett, Athol Mass. 



CHART MO. 282-B—How to Oase Harden SteeL A Home Hade Blow Torch. ▲ Om HeaM 
Straightening Warped Pieces. (Motor World.) 

•See also pages 695-697. **See also page 472. tSee page 735, 711 and 712 for gasoline blow pipe torches. 
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heated metal is in contact with the carbon¬ 
aceous material and the kind of material 
used for producing the case. The usual 
case-hardening temperature is 1,650 degrees 
Fahr., but the higher the temperature the 
deeper will be the ease. The article to be 
hardened is heated in a furnace and when a 
cherry red it is removed and imbedded in 

Tempering Drills 

Drills and small tools can be tempered quite 
well in a flame. Larger parts are better tempered 
on an iron plate on which has been placed a thick 
layer of fine sand and the flame allowed to play 
underneath. This ensures the part being uni¬ 
formly tempered. 

Temper-Colors of SteeL 


Light 8traw .430• 

Straw .460° 

Dark Straw .476° 


the hardening material. After removal it 
is sometimes customary to heat treat the 
case-hardened steel. This is done by re¬ 
heating to about the same temperature or 
higher, if possible, and then quenching in 
water or oil. A second heating often is 
given but not as high as either of the 
others. 

and Small Tools. 


Light Brown.490° 

Dark Brown .510° 

Light Purple .520° 

Dark Purple .530* 

Light Blue . 550° 

Blue .560° 

Dark Blue .600° 


and the surface finish—as to whether it is rough 
or polished; and, in tempering tools, experience 


must be one’s guide. 


**Brailng. 


Bracing is infinitely stronger than soldering. 
It is by bracing that bicycle frames are built up. 
Cycle makers use a gas blow flame. This consists 
of two parallel pipes— one for gas and one for 
air. The air. which issues under pressure, causes 
a strong and very hot flame. The air pressure 
is produced by a small bellows worked by the foot. 


The hard solder, as it is sometimes called, is a 
brass that melts at a low, red heat. It is gen¬ 
erally bought in packets, and is in grains about 
the sice of a pin’s head. Brass wire is also used. 
Being wound around the part to be braced, it 
melts and runs into the joint. The flux used 
for bracing is powdered borax. 


Accurate Measurements. 


There is one feature of the motoring ed¬ 
ucation that is rather neglected. Through¬ 
out this instruction reference is made to 
thousandths part of an inch and a little 
study along this particular line, will be time 
well spent. 

Meaning of Thousandths Part 
of an Inch. 

A thousandth part of an inch is infinites- 
simally small but it is used in measuring 
spark plug gaps, interrupter point gaps, on 
ignition contact breakers and also used in 
valve clearance, as per chart 228. By re¬ 
ferring to page 541, full explanation is 
given. 

How to determine the meaning and thick¬ 
ness of a thousandth part of an Inch: For 
example. The decimals (.020 w ) means, 
twenty thousandths part of an inch. If we 
divide an inch into one thousand parts, 
.020 would mean 20 of the parts or 20 one- 
thousandths of an inch. 

By referring to chart 283-A reader will 
note a thickness gauge (fig. 4) which will 
enable one to measure any thickness from 
4 to 25 thousandths of an inch. This paper 
is approximately 28 ten-thousandths of an 
inch thick and would be expressed in fig¬ 
ures as .0028. 

To read decimals — start with the first 
figure to the right of the decimal point 
which is tenths, the next figure is hun¬ 
dredths, next thousandths, next ten-thou¬ 
sandths, etc. The figures to the side of the 
decimal are read tens, hundreds, thousands, 
etc. 

Thus the figure 3 standing alone, would 
represent (three units) but if it had a de¬ 
cimal point to the left of it as (.3) this 
would represent three tenths. 

If expressed thus (.03) it would represent 
three hundreths and if expressed thus 
(.003) it would represent three thousandths 
and so on to any fractional part, (see 
page 541.) 


By referring to chart 51, page 115 note 
how the decimals are converted or reduced 
to 64ths., thus .03 is equal to % 2 °* an 
inch, .08 is equal to % 4 ths of an inch, etc. 
Note—these figures are not mathematically 
correct, but are near enough for all prac¬ 
tical purposes. 

Use of Measuring Instruments. 

This subject is treated in charts 283 to 
284. Every car owner should at least pos¬ 
sess an engineer’s steel scale rule as per 
fig. 18, chart 284 which is divided into 
inches, and fractions of an inch, down to the 
64th part of an inch. 

The. usual gradations on the inch side met 
with are thirty-seconds of an inch, though 
they may be obtained with finer gradua¬ 
tions wherein the inch is divided into sixty- 
fourths, these latter divisions being about 
as fine as normal eyesight can read off. It 
is an advantage if such a scale is divided 
into tenths of an inch, as thereby, the user 
can initiate himself into the idea of decimal 
parts of an inch, hundredths and thou¬ 
sandths instead of eighths and sixteentns. 

The writer would, however, ■ recommend 
every car owner who wishes to be t1 au fait ’ * 
with small measurements to buy a good 
make of sliding caliper or micrometer which 
will read in thousandths of an inch or with 
a Vernier attachment; in ten thousandths 
part of an inch. It is not at all an expen¬ 
sive instrument, and it provides a liberal 
education in the subject of measurements. 

As has been stated it is difficult to judge 
sixty fourths of an inch on an ordinary scale, 
but nevertheless the vernier caliper enables 
thousandths of an inch to be read off quite 
easily with the unaided eye. The size of 
any part, even if it be as large as a piston, 
can be accurately determined at a glance. 

The thickness gauge is another very use¬ 
ful instrument and is explained in chart 
283-A, fig. 4. 


**8ee also page 712. 
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0-ANVIL 

C-SPINDLE 

D-SLEEVE 

E-THIMBLE 
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The Micrometer. 

"I HjS i» a measuring tool and 
|P ^^H J used by machinists and others (or 

measuring in thousandths part of an 
I W inch. 

1 C* H It* scope is a wide one. and it is 

f E regularly used for finding diameter of 

J wire, twist drills, sheet metals, rods, etc. It ordinarily reads in thous¬ 
andths of an inch, but by a simple set of graduations around the stem, 
termed 4 'vernier graduations." after their Inventor, it is easily possible 
to measure the size of an object, in ten thousandths of an inch. 

Bow to read a micrometer: The spindle 0 is attached to the thimble B 
at the point H. The part of the spindle which is ooncealed within the 
sleeve and thimble is threaded to fit a nut in the frame A. The frame 
being held stationary, the thimble E is revolved by the thumb and finger, 
and the spindle 0 being attached to the thimble revolves with it, and 
moves through the nut in the frame, approaching or receding from the 
anvil B. The article to be measured is placed between the anvil B and 
the spindle 0. The measurement of the opening between the anvil and 
the spindle is shown by the lines and figures on the sleeve D and the 
thimble E. 


Fig. 6. The micrometer without moves through the nut in the frame, approaching or receding from the 
a vernier scale. Above instru- anvil B. The article to be measured is placed between the anvil B and 
ment designed for measuring the spindle 0. The measurement of the opening between the anvil and 
outside, per fig. 3, page 649. the spindle is shown by the lines and figures on the sleeve D and the 
See inside micrometer fig. 2, thimble E. 
page 649. 

The pitch of the screw threads on the concealed part of the spindle is 40 to an Inch. One complete 
revolution of the spindle therefore moves it longitudinally one fortieth (or twenty-five thousandths) of an 
inch. The sleeve D is marked with 40 lines to the inch, corresponding to the number of threads on the 
spindle. 

When the micrometer is closed, the beveled edge of the thimble coincides with the line marked 0 on 
the sleeve, and the 0 line on the thimble agrees with the horizontal line on the sleeve. 

Open the micrcmeter by revolving the thimble one full revolution, or until the 0 line on the thimble 
again coincides with the horizontal line on the sleeve; the distance between the anvil B and the spindle 
0 is then Ho or (.026) of an inch. As there are 26 lines on the thimble, revolving it just one line opens 
the tool Hs of Ho*» which is one thousandth of an inch. 

Each vertical line on tbe sleeve indicates a distance of Ho of an inch. Every fourth line is made longer 
than the others, and is numbered 0, 1, 2, S, etc. Each numbered line indicates a distance of four times 
Ho of an inch, or one-tenth. 

The beveled edge of the thimble (E) is marked in twenty-five divisions, and every fifth line is num¬ 
bered, from 0 to 26. 

Rotating the thimble from one of these marks to the next moves the spindle longitudinally Hi of 
twenty-five thousandths, or one thousandth of an inch. Rotating it two divisions indicates two theus 
andths, etc. Twenty-five divisions will indicate a complete revolution, .025 or Ho of an inch. 

To read the micrometer, therefore, multiply the number of vertical divisions visible on the sleeve (D) 
by 25, and add the number of divisions on the bevel of the thimble (E), from 0 to the line which coin¬ 
cides with the horizontal line on the sleeve. 

For example, as the tool is represented in the engraving, there are 
seven divisions visible on the sleeve. Multiply this number by 25, and 

~ j add the number of divisions shown on the bevel of the thimble, (8). 

m — 5 ( (7 X25= 176 + 3 = 178.) The micrometer is open one hundred and aev- 

^ I 1 “ .^\ enty-eight thousandths. 

The Micrometer with a Vernier Beale. 

pSBB 2> Readings In ten thousandths of an Inch are obtained by the use of a 

I ssnfta Vernier, so named from Pierre Vernier, who invented the device in 1681. 

As applied to a micromotor this consists of ten divisions on tho ad- 
FiG 7 justable ileeve, which occnpy the same space as nine divisions on the 

Fig. 7. Micrometer with a thimble. 

vernier scale. Showing micro- The difference between the width of one of the ten spaces on tbe 
meter open .2257 of an inch. sleeve and one of the nine spaces on tho thimble is therefore one-tenth 

of a space on the thimble (or one ten-thousandth of an inch). 
thimble thimble In fig. 8 (which shows the scale as it appears when micrometer 

*-t *0 O 2 ■ lO O is closed), the third line from 0 on thimble coincides with tbe 

. , , , , , . , , , , . I . . i fir8t line on the sleeve (note that the first and last lines on all 

-.1.1,1,1.-LL.UL -1,1.1 J I 1 1 l.l.l I I I vamipf are designated by a zero. Line No. 1 is really the second 

°*“= line and line No. 2 is the third, etc.) The next two lines on 

*"•“= ' H ~S thimble and sleeve do not coincide by one-tenth of a spaoa an 

... 0-= o-^ thimble; the next two, marked 5 and 2, are two-tenths of a space 

«‘ttve “"'Z&V * aP*rt and so on. 

In opening the tool, by turning the thimble to the left, each 
space on the thimble represents an opening of one-tboueandth of 
FlGo F«g 9 an inch. If, therefore, the thimble be turned so that the lines 

Fig. 8. Showing micrometer closed marked 5 and 2 coincide, the caliper will be opened two-teatba 

Fig. ». Showing micrometer open of one-thousandth or two ten-thousandths. 

.2257 of an inch. Turning the thimble further, until the line 10 eoineidee with 

the line 7 on the sleeve as in fig. 9, the caliper has been opaned 
m mt seven ten-thousandths plus the amount shown on the sleeve 

t~t ■ wr j] _ i■ ■ (which in this instance hae been opened 9 full revolutions). 8a 

9x25 thousandths equals 225 thousandths, plus ths 7 ten-thoaa- 
■ andths, equals 2257 ten thousandths and the reading of the teal 

I m s-, is >2257. Note—In reading a micrometer it is always necessary 

m Micrometer Caliper to multiply each division on the sleeve by 25 (as explained In 

Fi S- 12 * To read a ten-thousandths micromater, first note the thousandths 

9 v as in the ordinary micrometer, then observe the line on the sleeve 

rO S_ _ which coincides with a line on the thimble. If it is tho second 

r felJPPPfTlORV* .’VX line, m » rked 1. add one ten-thousandth; if the third, marked 8* 

'j ,J; * izilj add two ten-thousandths, etc. 

Uv--**'*** Vernier Caliper Calipers with Micromotor and Vernier Reading. 

m Fig. 12—A micrometer caliper similar in principle to a micro- 

^ jjf meter, but used for inside measurements as well as outside. 

Fig. 13. Fig. 13—A micrometer caliper with a Vernier attachment which 

renders it capable of reading in ten thousandths. 


Fig. 8. Showing micrometer closed. 
Fig. 9. Showing micrometer open 
.2257 of an inch. 


Micrometer Caliper 


Vernier Caliper 
Fig. 13. 


IHART NO. 283—Micrometers—How to Read. A Vernier—Its Purpose. 
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Fig. 10. The vernier scale as ap¬ 
plied to a caliper or (scale rale read- 
nf in tenths of an inch). 


How to Bead the Vernier. 

The scale of the tool is graduated In fortieths, or .025, of an 
inch (40 times 25 thousandths equals 1000 thousandths or 1 inch), 
every fourth division, representing a tenth of an inch, being num¬ 
bered. On the vernier plate is a space divided into twenty*flve 
parts and numbered 9, 5, 10, 15, 20, 25. The twenty-five divisions 
on the vernier occupy the same space as twenty*four divisions en 
the scale which is marked off in tenths of an inch. 

The difference between the width of one of the twenty-five spaces 
on the vernier and one of tho twenty-four spaces on the scale is 
therefore Ws of Wo or 1/1000 of an inch. 

If the vernier is set so that the 0 line on the vernier coincides 
with the 0 line on the scale (note the zero lines on the scale 
are marked with the large numbers 1 and 2) the next two lines 
will not coincide by 1/1000 of an inch; the next two lines will 
be two thousandths apart, and so on. 



canaiata of fiat steel leaves. In this 
particular one there are 22 leaves 
which vary in thickness from .004 
(four thousandths) to .025 (twenty- 
five thousandths) of an inch. This 
tool is handy for measuring valve 
clearance, spark plug and Interrupter 
point gape, etr 


To read the tool, note how many inches, tenths and fortieths, 
the 0 mark on the vernier is from the 0 mark on the scale; then 
note the number of divisions on the vernier from 0 to a line 
which exactly coincides with a line on the scale. 

In fig. 10, the vernier has been moved to the right ono and 
four-tenths and one fortieth inches (1.425*), as shown on the 
scale, and the ninth line on the vernier coincides with a line 
on the scale. Nine thousandths of an inch are therefore to 
be added to the reading on the scale, and the total reading is 
one and four hundred and thirty-four thousandths inch (1.434*), 
which is the distance the jaws of the tool have been opened. 

In making Inside measurements the width of the jaws as given 
in the list is to be added to the apparent readings on the side 
having the vernier to allow for the space occupied by the meas¬ 
uring points. No such allowance is necessary when using the 
back line side, without vernier, as the two lines marked 4 'in" 
and 44 out" indicate inside and outside measurements. 

Drill Gauge (or gage)—How to Bead. 

By the use of this gauge one is enabled to select at once the 
right sized drill, to suit machine screw taps most commonly used, 
leaving just stock enough for the tap to cut as near a full thread 
as is practical for one tap without breaking it, thus saving much 
time and uncertainty of result attending the former crude ways 
of making a selection. 



Ex pl a inin g the illustration, the first row of figures, for an example, 
read thus, 14x20 10%. The number 14 (in the first row of figures) 
means the number or sise of tap; 20 the pitch or number of threads 
per inch; 10 the size of drill to use which will leave the right stock 
for proper thread; and %, size of drill to use to let this tap or 
screw through outside of the thread. 

The figures—1, etc., up to 60—designate the number of drill (size 
agreeing with the holes). Other figures, 228, 221, etc., designate the 
size of hole in thousandths of an inch. See table No. 100, page 708. 
and table No. 106, page 706. 

Example—Suppose you had a cap screw of a certain size and you 
found by referring to table No. 100, page 708, that it required a 
10x82 tap. First find tap sise 10x32 in column No. 1 (on the drill 
gauge.) Referring to column No. 2 (tap drill size), you will find 
that a drill is required ef such size as will be a snug fit in the 
No. 20 hole. Referring to the No. 20 hole you will note that it 
has the decimal .161 under it. This is the diameter of the drill to 
use, in thousandths of an inch, and is the proper size for tapping, 
to insure a full thread. 

Suppose, however, that in this particular job you were fastening 
a bracket or brace to the crank case or chassis, then it would be 
necessary to drill a large enough hole through the bracket so that 
the screw would pass through it (as there would be no threads re¬ 
quired in this piece.) Referring to column No. 8 (body sise of cap 
screw) you will find the proper sise drill is the one that is a snug 
fit in the No. 9 hole and that the decimal sise is .196 (196 thou¬ 
sandths.) By referring to table on page 541 of Decimal Equivalents 
the nearest sise of these drills in 64ths can be found. 


Note-In selecting a drill to drill a hole (whose diameter is ex¬ 
pressed in thousandths) always select the nearest size to it, pre¬ 
ferably a size or two larger. As an example take the decimals 
above—the first one was 161 thousandths, referring to the table on 
page 541, you will find that the nearest decimal to this is 171 thou¬ 
sandths this is equivalent to a Hfoths drill. The second decimal was 
196 thousandths and we find that the nearest size to this is 208 
thousandths, equivalent to a i% 4 ths drill. If you select a sise 
smaller instead of larger, you run chances of breaking the tap when 
trying to cut the threads, especially in hard or very thick metals. 
While the larger drill doesn't give an absolutely full thread still it 
is in accordance with regular shop practice, (see foot note bottom of 
table No. 101 in- chart 285-B). 


JHABT HO. 283-A—Measuring Instruments. How to Use Drill Gauge. 

See page 511 for Thousandths Part of an Inch and pages 703 and 7Q6, for Tap and Drill sizes. 
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Fig. 20. 




Tig . 18—▲ machinists steel rule or scale—These rules 
are of thin tempered steel and come in lengths from 2 to 
24 inehes long. The popular size is 6 inch, with gradua¬ 
tions reading 64ths and 82nds of an inch on one side 
and 16ths and 8ths of an inch on the other sidet They 
can also be obtained graduated in lOths of an inch, also 
in millimeters as shown on page 540 and 541. 

Fig. 20 — American 
O (j //\ standard wire gauge 

<&V) v' *1 sJ sS/k adopted by the brass 

/\> v 'r*2*l*£ r rL C/\ manufacturers Jan. 1858. 

>r ^ There are various gauges 

\ ev/\ on the market, (some 7 
PV* f \ or 8) and a gauge that 

}=©$ # \ | meets the universal 

L... I I I needs, is the kind to 

buy. This gauge will 
\O z J \ / answer for all ordinary 

yD^!, measurements. Decimal 

Vt$l encush — Vv^ equivalents stamped on 

\XT* WINE^OAGE ITV th ® reVerBe Bide * 

Note—Measurements, 
are taken in the slots . 
^ near the outer edges and 

Fig. 20. not in the holes (as 

would appear.) 

Fig. 28—Screw pitch 
fejpd'sPZ* gauge for determining 

L Vw/Sfc^ the number of threads to 

the inch on bolts. Ups, 
/ TZ-— - ~ etc. The shape of the 

T'Ca ^ Cl b ! ftde f “ ake . lt S plic f* 

V- — , a *'" u * * \ J ble also for inserting in 

r-nuts and bolt holes. Sixes 

jffftWuT// and decimal equivalents 

y/]Jw§y J \vC sUmped on each blade. 

%rjsf This particular tool is 

C\v vT made in pocket knife 

__, form, (see fig.'2, chart 

Fig. 28. 286), showing how used. 

I *— Chisels and Punches. 

Mirt.i.Li-. Com Chta«t A center punch is used 

to rnnch center marks in 
^ metal parts to be drilled, 
cop* chioei giving the drill a center to 

start in and for reference 
marking, etc., see lower il- 
lustrations, page 707. 

Chisels are made in 
many forms. The most 
euou popular is the cold chisel 

_ which is used for cutting 

metals. A cape chisel is 
<*•*■* next most popular and is 

used for cutting key ways 
.. and working in narrow 

1 ■■ |ki) > ['■ erooTe8 ' ch » nnel *' 

The diamond point chisel 
is shown in chart 286-B. It 
ia used mostly for grooving 
in close places where a cape 
^ chisel could not be used. 

^qubju^ K Other popular chisels are 

round nose or gouge, used 
for cutting oil grooves in 
- IT ■ i bearings and • chipping out 

broken bolts or pipe threads 
Jr from fittings. An assort- 

TAi m 9A _mv a ment of small chisels and 

v x 24 7~T he - b68t . way 40 punches shown in fig. 24. 
buy chisels is in seta. y ® 


4 " ' gi>m co Q 


Fig. 28. 


MadilaUr* CoM ChUurt 


il a Fig. 19. A 

/ \ pocket slide 

"Mli y i l lengths. Grad 

j j 1 Ayr 1 " and *U 

l ^ C — -■ 64the o.u the 

Y / other. Handy 

u It for measuring 

sheet or bar stock, wire, tubing etc. 


Fig. 21. 
Spirit leuel 
used for lin¬ 
ing up pis¬ 
tons, connect¬ 
ing rods, ete^ 
when used in 

conjunction with a steel square, (see chart 
261) also used for finding grades as shown 
on page 589. 


Fig. 22. 

Speed indica- 

^ tion counter 

rlffllU as it is some- 

HMI times called, 

-* in high speed 

work. The dial can be set at the 0 mark 
and when timed with a watch for a minute 
or fraction thereof, will give the total re¬ 
volution made by the crank shaft, line shaft, 
motor or generator. 


f'L. . W 


Fig. 5. Fig. 6. Fig. 7. 


Fig. 5—Di¬ 
viders are 

fl Dividers Calipers. used to lay off 

m\ circles and 

M $\A HM metaL (see 

ML- g\-| r pVL-| o chart 286-B.) 

\ I | // si^de calipers 

u \ B \\ ii i * re used ^ 

i \ U \\ ■ M measuring ln- 

J \ JJ \ X side dUsae- 

tors, such as 

Fig. 5. Fig. 6. Fig. 7. cylinders, 
bearings, etc. 

Fig. 7—Outside calipers are used for meas¬ 
uring exterior diameters such as drill taps, 
etc. The caliper is adjusUble and after 
measurement is Uken the points of caliper 
are placed on a rule or scale to find the 
measurement in inches or fraction thereof. 

Oaliper dividers are made with and with¬ 
out springs—the spring is an advantage in¬ 
asmuch as when once set they reUin their 
setting. The non-spring type is shown on 
page 614. 


Fig. 29—A hook rule for measuring diam¬ 
eter of flanres or circular pieces, through the 
hubs of pulleys, setting calipers or dividers 


Fig. 26—A scrlber—used for scribing fine lines on 

S laned surfaces of iron or steel, such as timing marks on 
y wheels, etc. Points are of tempered tool steel. 


Fig. 26—Double point scribers threaded te 
screw into the holders and knurled for Anger 
grip. 


7HABT HO. 284—Measuring Instruments, Chisels and Punches. 
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Fic. 1—Illustrations showing the different kinds 
of bolts and screws. The square head cap screw is 
seldom used, (see chart 247-DD.' 


W 

Fig. 2. 



Fig. 8. 


Fig. 2—A hex¬ 
agon nut. 

Fig. 8 — A 
“caste 1 lated " 
nut. The castel¬ 
lated nut is also 
hexagon but nut 
is slotted to take 
a cotter pin to 
prevent it coming 
loose. 


Fig. 4 —U. 8. 8. (United States Standard) cap 
screw and bolt thread. 



Fig. 4. 


I Fig. 5—8. A. B. Standard 

cap screw and bolt thread. 
These exaggerated illustrations 
are intended to show the only 
difference between a U. 8. 8. 
cap screw and an 8. A. E. cap 
screw—which is in the thread. 
Note flg. 5—(8. A. E.) the 
Fif 5 thread is much finer, therefore 
more threads per inch. 


By referring to table 101, chart 286-B, note a 
% Inch U. 8. 8. cap screw has 20 threads per 
Inch. Whereas a 8. A. E. cap screw (table 102, 
chart 285-B) has 28 threads per inch. 


Bolts, Screws and Nuts. 


ameter and number of threads per inch. By refer 
ring to table No. 102. chart 285-B; you will notice 
the number of threads to the inch on the 8. A. E. 
is more than on the U. 8. 8. (table 101). 

On the auto we find bolts are used on the springs 
and various parts. In fact there is hardly a part 
of the entire mechanism that does not have its quota 
of bolts, capscrews, machine screws or carriage 
bolts (latter used for holding body to frame.) 8tove 
bolts are used frequently for fender and drip pans. 


Difference Between Bolts and Cap Screws. 

The difference between a capscrew and a m a chin e 
bolt, is mostly in the method of manufacture. In 
making a capscrew the usual methtwi is to cut off a 
piece of the required length, from a piece of steel 
of hexagon shape and of the sise required for ths 
head, the piece is then turned down to the size re¬ 
quired for the body and a thread cut on it (or it U 
milled.) In making a machine bolt, the stock is 
cut from a bar of round steel of the required diame¬ 
ter of the body and the head is then formed by a 
process called “upsetting." The machine bolt has 
a slightly larger diameter head than the cap screw 
but the threads are indentical in both. 

The only difference between an S. A. E. bolt and an 
S. A. E. cap screw is in the amount of thread cut 
on it. The size and shape of head is the same and 
threads per inch is the same. 

The difference between a U. 8 . 8 . bolt and a U. 
S. b. cap screw is also in the length of thread and 
the size of head. The thread on a cap screw is 
run down nearly to the head while on a bolt it 
is run down only about % of its length. The heads 
differ in that the bolt head is larger than the cap 
screw head and in the former is usually square in¬ 
stead of hexagon. 

The difference between a machine screw and a 
machine bolt is mostly in the shape of the head. 
The screw has either a round or a flat head, but 
never a hexagon nead and differs in the further 
respect in that the head is slotted for the reception 
of a screw driver. 

A wrench that fits a U. 8. 8. cap screw will fit 
an 8. A. E cap screw, because the heads are of the 
same sise. 

A wrench that fits a.U. 8. 8. machine bolt will not 
fit an 8. A. E. cap screw, because the U. 8. 8. bolt 
head is larger. 

A wrench that fits a U. 8. 8. cap screw will fit an 
8. A. E. machine bolt, because the 8. A. E. bolts 
have the same heads as cap screws. 

A wrench suitable to fit any and all of the above is 
the adjustable S wrench, and open wrenches in sets, 
(see page fill.) 


Studs, Taper Fins and Set Screws. 

Studs are usually placed in the top of cylinders 
with detachable heads. The cylinder head is slip¬ 
ped over the studs and fastened down with hexagon 
nuts. 


Huts are not usually used on capscrews as the cap 
screw is generally screwed right into the metal part. 
However, nuts can be put on to them and they be 
uaed in place of bolts. 

Bolts always have nuts on them either square or 
hexagon and in most cases the nuts are larger 
than the head and consequently take a different size 
.wrench—for instance a % machine bolt has a Hie 
inch head and a % nut. Whereas an S. A. E. % 
cap screw has a 9ie inch head, (see chart 247-DD.) 

The measurement for the diameter of a bolt or 
screw, is taken just below the head, where the metal 
is full diameter. If measured across the threaded 
part, they will be found to be of slightly less diame¬ 
ter due to the "flat." (see fig. 8, chart 285-A.) 

U. 8. 8. ft 8. ▲. B. Bolt and Oap Screws. 

The U. 8. 8. and 8. A. B. cap s cr ew s are alike 
in all respects, with the exception of the pitch di- 


They are also used on top of crank case—see page 
64 (E-117). 

Taper pins require taper pin reamers—a reamer 
must always match the pin. (see page 706, for a 
taper pin reamer). Taper pins are used for—lock¬ 
ing collars to shafts (where keys cannot be con¬ 
veniently used), and various other purposes. 

Set screws are usually cut full, so as to fit tight 
in the part to be held. They are either pointed er 
cupped at their lower ends and are either square 

headed or slotted. In using, set up tight and tap 

them directly on top with a light hammer, then 
tighten again. This will set the point or cup in 
the shaft. The threads are always U. 8 Standard. 

When driving out bolts that are to be used again 
strike the hardest blow you can and use a heavy 

hammer. Light blows and the use of a small 

hammer will upset or rivet the bolt. 


3HABT NO. 285—Different Kinds of Bolts and Screws—also see charts 247-D and 247-DD fo 
wrenches, 113-A for spark plug sizes and wrench sizes, 247-A for spark plug gaskets. Char 
247-DD, gives the sizes of S. A. E. screws and bolts. 
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Pig. 1. Pig. 2. 

Fig. 1.—The sharp V thread (U. 8. 8.) 
Pig. 2 .—Whitworth’s standard (oral). 
Note thread does not come to a point 
either top er bottom. 



Pig. 3.—The U. 8. 
S. (United States 
Standard) and S. A. 
E. thread. Note the 
flat at top of thread. 
This is also called 
the A. 8. M. E. 
thread. 


Pig. 5. — Ex¬ 
plains the mean¬ 
ing of “pitch,” 
“a n g 1 e” and 
“flat/' The pitch 
is the distance 
from one thread 
to another. The 
“angle” is the 
degree of slope 
Fig g and is usually 60° 

except Whitworth 
which is 55°. The “flat” is the top of 
thread coming to a flat instead of to a 
point. 

Brigg's standard thread which is only 
for pipe, is oval like the Whitworth. 


frPITCH-V : THE 




number of threads 
to an inch can be 
measured as here 
shown, or with a 
screw pitch gauge 
as per fig. 8, 
page 705. 


Pig. 6. 


The pitch is the number of threads per 
inch. 


A screw pitch gauge (Ag. 28, chart 284) 
is a quicker and more accurate method 
for finding the number of threads per inch. 



of stock on which thread waB cut. Then note meaning of 
“angle,” “pitch,” and “V-thread.” The “root dimmeter” 
is measured from base of threads and the “basic diameter” 
is measured from top of flats. (Used in this illuatratiea 
merely to explain its meaning.) 

Threads. 

The two principal threads the repairman or mechanic should 
familiarize himself with, are the bolt thread and the pipe 
thread. A little study and use of the various sises will en¬ 
able him to know the particular kind and size by merely look¬ 
ing at it. A comparative difference in size between a belt 
tap and a pipe tap is shown in figs. 14 and 15. page 704. 

Note how much larger a % pipe tap is than a % bolt tap. 
This is due to the fact that a % pipe is measured on the 
inside and twice the thickness of the metal (of which the pipe 
is made) must be added to the %* to get the diameter re¬ 
quired. In the bolt tap the measurement is taken on ths 
outside, consequently the tap is of practically the same diam¬ 
eter as the bolt. 

U. 8. 8. and 8. A. E. Used Most. 

•The threads most commonly used in this country are the 
United States Standard and the S. A. E. formerly A. L. A. M. 
This latter is the standard adopted by the (Society of Auto¬ 
mobile Engineers) for automobile work. 

The diameter and angle of the S. A. B. thread is the same 
as the U. S. Standard, the only difference being in that the 
S. A. B. thread is of finer pitch (see fig. 5, chart 285), er 
more threads to the inch. Take for instance a U. 8. stand¬ 
ard " screw, it has 20 threads per inch, while i IT S. 
A. E. screw has 28 threads per inch (see tables 101 and 102, 
chart 285B). This finer thread has been found by experi¬ 
ence and tests to have several advantages over the coarse 
U. 8. 8. thread in auto construction, one of which is the in¬ 
cessant vibration to which a fast moving automobile is sub¬ 
jected to. A nut with fine threads takes more revolutions er 
turns to remove it than one with coarse threads and the 
chances are that were the threads coarse the nut would be 
far more apt to be lost, whereas the fine thread nut with the 
same number of turns would be only loose. There are various 
other reasons, of as much or more importance which led the 
manufacturers to adopt this finer thread. 

The fine thread is nearly always used where hardened ma¬ 
terial is employed (as case hardened) and the coarser thread 
where soft material—as aluminum, brass, bronze, etc. 


Other thread standards used somewhat in this country (although they are made principally for foreign 
business) are the Whitworth Standard (fig. 2) and the Metric or French Standard (not illustrated). 


I 


Pipe Threads. 

The Briggs Standard (table 103) Is for pipe work only and has no connection with screw work. 

Pitch of thread; by this is meant the number of threads per inch, or the distance from the top of one 
thread to the top of the next. This pitch is always the same for the same size bolt, nut, tap or die of 
the same standard. 

To Find the Pitch or Threads Per Inch. 

To And the pitch of a screw when a thread gauge is not convenient, place a scale on the screw (flg. 6) 
so that the end of the scale is opposite the top point of any thread; count the number of spaces undsr I 
the scale between the threads, for a distance of one inch, vis.: There are eight spaces underneath the scale 
in one inch, therefore, the screw is pitch or eight threads per inch. Another method is to place the 
scale as shown in flg. 6, and count the top of the threads for a distance of one inch, omitting one thread. 
The reason for omitting one thread may be seen by following the two dotted lines drawn from the top 

point of the first amd 9th threads; count the number of complete threads between the dotted lines at the 

bottom of the screw, and you will find it to be eight. 

Pitch anglo; by this is meant the angle or degree of slope that the sides of the individual threads 
have and is always 60° in the various standards with the exception of the Whitworth which has 55*. This 
angle clearly shown in flg. 2. Plata: see flg. 3—note U. S. S. and 8. A. E. use this thread—but while the 
angle and flat are the same, the 8. A. E. is of finer pitch or more threads per inch. 

In tables 101 and 102, chart 285-B, a tabulation of sizes and threads per Inch, from ^4* to 1* for 

U. 8. and the 8. A. E. standards, also the drill size to use for drilling a hole preparatory to tapping or 
cutting the threads is given. 

Boot Diameter Determines Drill Size. 

Boot diameter; means the diameter of the bolt measured from the bottom of one thread to the bottom 

of the thread diametrically across from it and is the measurement that must be taken into account when 

figuring the working strength of the bolt and is the diameter that gives yon the drill also. 

In practice the drill size is a little larger, so that after a thread is cut it will be found that it is 

not really a full thread, but is full enough for all practical purposes if drill is not unnecessarily large. 

•The sharp V-thread, flg. 1, with its razor like edge, is a thread the manufacturers do not favor. The flat 
thread, fig. 8, is the one favored. 
tThe length of a thread on a cap screw is more than on a bolt. 


fHABT NO. 285-A—Threads; Different Kinds. How to Find the Number of Threads per Inch, tte 
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TABLE HO. 100. 

Size of top and drill to usa for U. 8. 8. (United States Standard) or A. S. If. E. (American Society 
of Mechanical Engineers) —screw thread. 

First and sixth column gives the else tap designated in numbers; Second and seventh column, the 
outside diameter of tap; Third and eighth column the number of threads per inch; Fourth and ninth column 
the size drill expressed in decimal parts of an inch; Fifth and tenth column the number, or sise of drill 
which is necessary to drill the hole for the tap. » 

Example: suppose, on the tap the numbers 14-20 appeared. This would mean that the tap number 
wm 14 and 20 is tho number of threads per inch. Therefore by referring to the sixth and tenth column, 
the sise tap to use would be No. 14 and the sise drill to use for this tap would be No. 10 drill which is 
•1982 inch diameter, see page 706 explaining drill numbers and page 70S explaining tap numbers. 

Note—A % inch 8. A. E. tap is larger in dia. 
than a U. 8. 8. 14 inch tap, due to the difference 
in the root diameter of the bolt or screw, see 


Simc 

of 

Tap 

Out¬ 

side 

Diam 
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per Inch 

Nearest Com¬ 
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producing 
depth of thread 

Sue 

of 

Tap 

Out¬ 

side 

Diam 

Threads 
per Inch 

Nearest 
mereial St 
producin 
depth of t 

CU>m- 
tc DnII 

fire 7 .d % 
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80 
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9 
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24 
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29 

1 
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72 

0595 

55 
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.190 

32 
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21 

1 

.073 
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.0577 

54 

10 

190 

30 

1575 

21 

2 

.086 

64 

0707 

50 
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24 

.1496 

25 

-*2 

.086 

56 

0686 

53 

12 

216 

28 

.1812 

14 

3 

099 

56 

.0816 

45 

♦12 

.216 

24 

.1754 

16 

♦3 

.099 

48 

.0786 

47 

14 

.242 

24 

2014 

7 

4 

.112 

48 

.0916 

42 

♦ 14 

.242 

20 

1932 

10 

4 
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40 
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43 

16 
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22 

.2237 

1 

♦4 
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44 

16 

.268 

20 

2192 
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5 
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44 
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37 

18 
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20 
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D 

5 
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40 
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38 

18 
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18 
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C 

5 
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36 

.0979 

40 

20 

.320 

20 

.2712 

1 

6 

.138 

40 

.1136 

33 

♦20 

1320 

18 

.2658 

H 

6 

.138 

36 

1109 

34 

22 

.346 

18 

.2918 

M 

t6 

.138 

32 

.1075 

36 

22 

.346 

16 

.2851 

K 

7 

151 

36 

.1239 

M" 

24 

.372 

18 

.3178 

O 

7 

.151' 

32 

.1205 

31 

♦24 

.372 

16 

.3111 


7 
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30 

.1185 

31 

26 

.398 

16 

.3331 

R 

8 

.164 

36 

.1369 

28 

26 

.398 

14 

.3284 


+8 
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32 

.1335 

1 29 

28 

.424 

16 

.3631 

u 

8 
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30 

.1315 

30 

28 

.424 

14 

.3544 

T 

9 
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32 

.1465 

26 

30 

.450 

16 

.3891 


9 

.177 

30 

.1445 

27 

30 

.450 

14 

.3804 

V 


How drills are designated; refer to table No. 
106, page 706 which explains how certain 
sizes of drills are lettered instead of numbered 
etc. « 

TABLE HO. 108. 

Tip and drill size for pipe threads. This table 
gives the sise drill to use for a certain sise pipe 
tap. The Brins standard is the one usea in 
this country. Note the threads on a K inch pipe 
tap are 18 to the inch, whereas on the 8. A. E. 

-(table 10 2) 
v there are 28 


-8. 8. (table 

101) there are 
20 threads per 
•inch. 


Size Tap 
Inches 

BRIGGS STANDARD, 

i 

Thread 

Drill ; 


27 

** , 

x 

18 

1 

% 

18 

% ! 

Vi 

14 

■Hi J 

H 



Va 

'14 

’Hi. 

7 A 



1 

UK 

1H : 
1 


Note: A common nut, drilled out so that it only contains 
50% of a full depth thread will break the bolt before it will strip. 

A 75% depth of thread yields an ample margin of safety 
(2 to 1) and is economical in tapping. 

A full depth of thread in a common nut is only about 5% Table No. 108. 
stronger than a 75% depth of thread; yet it requires three times 
the power to tap. 

TABLE NO. 101. 

Tap and drill sizes for U. 8. 8. threads —This tables gives the diameter of tap 
and threads per Inch and sise drill to use (expressed In Common fractions) 
for the tap. The diameter of the tap expresses the screw sise. For instance 
a % inch tap is for a 14 inch screw with 20 threads—therefore the sise drill 
to use would be 9ie inch, etc. 

Example: To And what sise and number tap to use for a 14 inch U. 8. 8. 
bolt with 20 threads to the inch. First find the decimal equivalent of 14 Inch 
(page 541.) 14 inch is equal to % inch, so by looking in column under head¬ 

ing of 8ths, you will find that 14 or % is equal to 250 thousandths or point 250. 
Referring back to (table 100) find the nearest decimal, this will be found in 
column No. 7 and can be either .242 or .268 so you could use either s No. 14 
or a No. 16 tap . 

To And what would be the number of the drill for a 14 inch U. 8. 8. tap, 20 
threads to the inch. Proceed as in the previous instance, first find the deci¬ 
mal equivalent of 14 inch. This you have found to be 250 thousandths. The 
nearest decimal to this is in column No. 7 and can be as before, either .242 or 
.268 and the proper drill corresponding thereto is found in column No. 10 and 
can be either a No. 10 drill or a %g inch drill. You will notice by referring 
to (table 101)—th-.t a inch drill will also answer.t 
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Table No. 101. 

+No. 4 drill is inch. *The %—-18 threads is for 


Note — The only 
difference it would 
make in using one 
or the other of the 
various drills, would 
be in the fullness 
of the thread. The 
larger the drill tho 
less depth of 
thread. You can 
readily see that by 
using a drill too larga 
you would cut away 
the metal that should 
go to make tho 
thread and on the 
other hand, if you 
use a drill too small, 
you would not he 
able to enter the tap. 
(See foot note bottom 
of table 100). 


Diam. in. 

Pitch 

Tap Drill 

X 

28 

No. 4 

X 

24 

it ■“. 

X 

24 

It 

X 

20 

N 

N 

20 

X in. 

X 

18 

N 

X 

18 

X 

X 

16 

It 

H 

16 

it 

X 

14,18 

lt.il 

i 

14 

it 


- _ _- _ 8. A. E. spark plug. 

tin practice it is best to use a larger sise drill, if the exact sise cannot be had. 


Table No. 162. 


The diameter 
of a pipe tap is 
larger than a 
stated sise of 
any other tap— 
page 704 
explaining why. 

TABLE NO. 
102 . 

Tap and drill 
size for 8. A. 
£. This table 
gives practical¬ 
ly the same informa¬ 
tion as table No. 101 
—but for 8. A. E. cap 
screws. The first col¬ 
umn gives the size tap to 
use, second column, the 
number of threads to the 
inch (pitch); the third 
column, sise drill to use. 

To find what number 
of tap would be required 
or the number of drill, 
would be the same proce¬ 
dure as in table 101. The 
diameter of drill and tap 
would be the same as for 
the U. 8. 8. but the num¬ 
ber of threads per inch 
would be greater, as 
would alto be the root 
diameter. A comparison 
of the two drills for the 
9is tops for instance will 
make this clear. 


XHABT MO. 286-B—Table* Giving the Tap and Drill Size to Use for U. S. 8., 8. A. E. and Pipe 

threads. gee chart 247-DD for 8. A. E. and U. 8. Standard screw and bolt tables and 8. A. E. spark plug sises. 
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Fig. 8—Methods of catting male threads are with 
a die or on a lathe. When a die is used, it is placed 
in a collet (0) and the collet and die (OD) are then 
placed in a stock (S). This is worked over the 
part to be threaded. The illustration shows a die and 
stock for cutting threads on machine screws. 



Fig. 8-A—A screw plate or gunsmith’s die. It 
cuts threads in the same manner as the one shown in 
fig. 8, but there is no collet. Bicycle dies are often 
made in this form. 



Fig. 8-B—A stock and die for cutting threads on pipe. 
The pipe is held stationary and tool revolved. 


Dies. 

The subject of dies is really a part of the tag 
subject inasmuch as where the one is need. Us 
other must be used also. The tap cuts a thread on tbs 
inside and the die cuts the companion thread m 
the outside. Thus you would “tap a hole” or art 
and “run a die over'* a bolt or pipe. 

With dies as with taps, they are divided into tvs 
classes, pipe dies and bolt dies. 

The better grade of dies are adjustable as ts 
size, that is, you can make them cut a little fawr 
or a little smaller than “standard." This will be 
found to be of special value in repair work. 

The solid die is non-adjustable and when woe* 
will not cut deep enough, as a consequence the set 
or fitting is nearly ruined by forcing it on. It 
sometimes happens that a cutting lip ia broken af; 
this necessitates the purchase of an entire new 
whereas in the adjustable die one can renew—jut 
the broken lip—at slight expense. 



Fig. 9-Threads 
may also be cut 
on a lathe, note 
the lathe tool cut¬ 
ting an outside 
or male thread. 

Fig. 12—Note 
lathe tool cutting 
an inside or fe¬ 
male thread. The 
tool is held sta¬ 
tionary. Just the 
reverse of hand 
cutting. 



How marked: Dies are marked aa to sisa 
threads per Inch and whether right or left haal 
thread, designated by the letter R or L Ia s 
great many instances it is both necessary and convenient to eat s 
left hand thread and it is advisable to have a few of the moot wmi 
sizes on hand. (A brake rod for instance, where it screws into tbs 
turnbucklo has a left hand thread). 

Dies and their corresponding taps are so made relative to the ft 
ameters at the top and bottom of thread, that when the nut ia screws! 
onto the bolt, the extreme tops do not touch one another, in efts 
words there is a small space allowed, called the clearance (about .MS 
inch.) The real bearing surfaces are the angular sides of the three!. 
This clearance space is accountable for the rust that ia found in tbs 
threads of old bolts and nuts and it is in this space that tita 
kerosene soaks in, when applied to loosen up a rusty nut. 

See chart 247-E for illustration of a set of dies of various sb* 
and also the stocks in which they are used—also tap wrenches. 

The stock—is the holder for the die while catting and usually Is 
removable handles. 

Screw plate set is a term used to express the entire outfit, sa { 
shown in chart 247-E. Although we have shown fig. 8 as a die sal' 
fig. 8-A as a screw plate—the term is used as above stated. 



Screw Taps. j 

Taps may be divided into two distinct groups; bolt and pipe tap. 
Machinists hand taps are used for cutting internal threads in msfcl i 
and are usually bought in sets of 8, vis: taper, following, sat; 
bottoming. 

Pipe taps are used for cutting threads in pipe fittings and cuttia? 
threads for the insertion of pipes, pet cocks, drain plugs, etc. 
fig. 15, also table 108, chart 285-B.) 


Fig. 18—The machinists hand 
taps are explained in the text. 


UIHHlHimmu 


Fig. 14 and 15 are illustrations 
intended to show the comparative 
difference in size between a % ma¬ 
chinists hand tap and a % pipe 
tap, as explained in text. 



Fig. 15—A pipe tap. 


The taper tap: (fig. 18, also No. 1, chart 286) so called ewbf 
to its sides being tapered is the one first used after hole is drflhd. 
This is in reality a roughing tool and does not give a full thread «b1hb 
run all the way through. It is used for open work such as the tnhf 
up of the threads in a nut 'and also for tapping various parts of tbs 
chassis. 


The following tap: (fig. 18, also No. 2, chart 286) 
ity of < 


. w . Is next used sad 

in the majority of cases is all- that will be required to finish the tapptaf 
process. Where tapping is done in solid metal, this is the one generally 
used. If threads are desired, clear to the bottom of solid work, tb» 
the bottoming tap is used. 

The bottoming* tap: (fig. 13, also No. 8, chart 286.) In sur 
instances, the thickness of the metal is such that a tap cannot be ns 

in far enough to cut a complete thread all the way to the bottom of 

the hole, it is therefore necessary to use the bottoming tap. Then h 

no taper to this tool, consequently it cuts fall else from start to 

finish and thread must be started with one of the other taps first. 

Flutes: This term applies to the grooves cut iu the sides of tape hr 
the reception of iron cuttings or chips and any foreign matter tbSh 
might be present whilst cutting. It is the almost universal prsotjei 
to make taps with 4 flutes, as shown in end view, fig. 2, chart 28C, tig 
makes it convenient to caliper the diameter—which otherwise enM 
not be so easily done if there were 5 or any other odd number of 


M*s 
1, tbhf 
emu 
firimj 


CHART NO. 285-0—Cutting Threads. Stocks and Dies. Taps. Comparison of Bolt and Pipe t+\ 
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—continued from chart 285-0, 


XT. 8. 8. ft 8. A. E. Taps. 

ilsM of tap: After proper size hole is drilled, 
It will be then in order to get the proper sise and 
standard of tap necessary to cut the thread. Sup- 
pose yon wished to tap a hole to fit a % 8. A. E. 
screw. If yon drilled the hole of such sise as 
called for in table 102, chart 285-B, yon would 
have used a *V &4 inch drill, therefore you would 
call for a % inch S. A. E. tap. If the bolt or 
stud was the U. 8. Standard % inch sise, use a- 
9is inch drill as per table 101. (Note that the 8 
A. E. tap is inch larger than the U. 8. 8.) chart 
285-B and use a % inch Standard tap. If, on the 
other hand you are working on a % inch pipe 
job instead of a holt job, you would have used a 
inch drill (see table 108, chart 285-B) therefore 
nae a % inch pipe tap. Notice that the drill used 
for a % inch pipe tap is nearly twice as large 



as that used for a Standard bolt of the same sise. 
see figs. 14 and 15, page 704, for relative sise. 

Taps How Marked. 

You will find on all taps, at least 2 marks; they 
refer to the diameter and the threads per inoh. 
Thus, a tap marked 04*20) or (tt-28) will de¬ 
note that the tap is for K inch sise nut or hole and 
has 20 or 28 threads per inch. The (H-20) is a 
U. 8. 8. tap and the 04-28) is an 8. A. E. tap. 

A great many taps are marked with a number 
instead of a fraction thus (14-20) this means 
that the number of the tap is 14 and the threads 
are 20 to the inch. In (table 100, chart 285-B) 
is shown a complete list of tap num¬ 
bers from 0 to 80. Those marked with 
a + mark are the sises most used for 
ordinary work. The table also gives 
the proper sise of drill to use with the 
various taps. The dimensions are. 
given in thousandths of an ineh. By 
referring to table on page 541 of 
“Decimal Equivalents" you can get 
the proper sise in fractions «f an ineh. 


of taps, 
being the "ta¬ 
per" up. No. 
2 the 1 'follow¬ 
ing" tap, and 
No. 8 the 
‘' bottoming* * 
tap. 

Pig. 2—End view 
of a regular type (4 
flute) tap. See last 
paragraph, bottom of 
page 704. 

Pig. 8 — When 
caught the truth of 
the threads may be 
tested with a square. 

Pig. 4—T h e t a p 
should be started square, and with even pressure 
I on each arm of the wrench. 

Pig. 5—The large Up and reamer wrench 
I should never be used for small taps. Use the 
J small hand tap wrench illustrated in fig. 5. 


Tap Sises. 

Sixes of numbered taps: Taps from 
No. 1 to 80 run from Vis to %e tot- 
outside diameter, varying approximaU- 
ly. by 82nds. 

Numbers above 80—are marked ac¬ 
cording to the sise and thread; for 
instance a % inch tap (U. 8. 8.) 
would be marked (%-13), meaning 
inch sise and 18 threads to the inch. 
When taps are marked in this manner 
they run from % inch to 1 inch, 
varying in Via of an inch sises or 
fractional part of an inch. 

Sise Ups most used—a set for email 
work; would be from No. 1 to 14 
(chart 285-B, table 100), which runs 
from Via to H inch with variations 
by sixteenths, then from % to 1 inch, 
varying in eights of an inch. Taps 
are seldom used over 1 inch for gen¬ 
eral auto work. 


•Special Taps for Spark 
Plugs. 


How To Use Taps. 

Before using a Up, the hole must be drilled to the proper sise, 
as given in chart 286B. Never use a monkey wrench or an 8 
wrench unless in a tight corner—as there is a liability of break¬ 
ing the tap. 

Get the work perfectly level and rigid before sUrting the 
Upping—and start Up true. 

When tap is caught, sight or use a square (fig. 8) to see If 
It la true; and if not, turn the Up backward, and then forward, 
pressing in the direction required to straighten on the forward 
stroke only. 

Start the Upping with a Vo. 1 Up, or * ‘taper" tap; followed 
by the No. 2 or "following" Up, and if threads are desired a 
little large, or particularly clean, and to the bottom of a hole, 
then use the "bottoming,*’ or No. 8 tap. 

Lard oil should always be used on taps, or dies, never a min¬ 
eral olL 

Brass or cast iron requires little oil; steel, a continued appli¬ 
cation, and the Up should not be forced during the cutting. 
If the tap sticks, backing off, and sUrting over will usually per¬ 
mit the tapping to be done with little exertion. 

Several methods are commonly employed to make a Up cut 
everslse. One is to pack the groove with cotton waste; another 
to place a thin strip of copper or brass over one cutting lip, 
and another to place the tap in boiling water, and cut the thread 
while the tap is still hot. Of the three, the first is perhaps the 
best method.. 


For regular Vs touch siso (flg. 4, 
page 288), with 14 threads per inch, 
use the regular standard % pip# Up 
and a drill Hie inch (see table 108, 
chart 285-B.) 


For 8. A. E. % Inch sis# with 18 
threads per inch, use the 8. A. I. 
% inch *‘special spark plug Up/* 
Note by referring to table 102, chart 
285-B, that the sUndard % 8. A E. 
screw tap has 14 threads—an^ the 8. 
A. E. spark plug has 18 threads. It 
is for this reason that a special tap 
is required. A *%e inch drill Is the 
proper sise to use. 

The metric 18 m. m. else usee the 

metric 18 m. m. spark plug tap. 
(French SUndard). 

See page Q12 for 8. A. E. spark 
plug dimensions, and 230, 607 and 
717 for spark plug gaskets. 


3HABT NO. 286—How to use Taps for Tapping Threads. Screw Pitch Gage. 

[Motor World.) 
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Taper Shank Drill 


Straight Shank Drill 


Blacksmiths' Drill 


Bit Stock Drill 


Taper Arbor 

T*p»f Shank 


Twist drills are the kind ftlwum used lor bonng in lneCaH 
They are generally made with tw flutes or spiral grooves, m 
a snzMewrui<*ra< mnr owu the reception of the cuttings or chips of the metal being drilled J 

Flute drills are those haying flutes or grooves arranged loan 

-_ c . . rw- 1 .. tudislly along their length. They are mostly used for soft met* 

Taper Shank Drill and are the kind which usually come with hand drill* in amd 

sixes. 

Shanks—the part that goes into the chuck is called the shank 
Straight S h a nk Drill The shanks most generally used for a power drill preaa are eith* 

straight or taper. 

Straight shank drills are used in lathes or in drill chodd 
Blacksmiths Drill For where a straight shank drill is desired to be ufl 

muf 1 in a power drill press which takes a taper ahank only—themM 

^ taper arbor (B) can be fitted in end of ♦•drill chuck (O) and M 

Bit Stock Drill tapered end of taper arbor (A) can be inserted in the drill pr«S 

- This method is usually employed where the drills are )£ iam 

or less. | 

Taper shank drills fit into the drill press without the use <■ 
r\»ni r'h..~k drill chucks. 

Drill Chuck. Taper Shanks. 

Taper shanks on drills vary—therefore, drill presses are neoally 
fitted with four sises of taper shanks as follows: 

For drills Via to Ofo* with No. 1 taper ahank. 

For drills >%4 to *%s* with No. 2 taper ahank. 

For drills to 1)4* with No. 8 taper anank. 

For drills 1to 2* with No. 4 taper ahank. 

♦How Drills are Designated In Sizes. 

Note table 106. You will observe that in the sizes from 1V4 * to No. 80—(0.018 or 18/lOOOths of 
an inch) the drills are numbered and lettered. The No. 80 is the smallest aise. In other words, ths 
larger the number, the smaller the drill, (see also Drill Gauge, on page 609.) 

Drills from No. 80 to No. 1 Ofoth to %*nds) do not bear size numbers or letters marked on them, 
but are measured on drill gauges per chart 288-A. 

Drills from No. A to Z ()4 to *% 2 nds) have their size designated by letters stamped on their ahank 

Drills from Z to IV* inch, the actual slxa Is stamped on them, as to 1)4. 

Comparison of table 106 and table 100. The exact size of a No. 80 drill, for instance as given In ta¬ 
ble 106, it 127 thousandths of an inch and in table 100, 4th column it is given as 181 thousandths. This 
difference is only slight and does not affect the strength of thread. This difference is due to using tables 
of actual drill size (table 100), and table of drill rods (table 106). 

fTABLB NO. 106. 

Drills from No. 80 to 1)6 inch size. D. E.—means decimal equlvaM 

Fig. 1—One method for aiming For instance, a number 1 drill is .227 (two hundred and twenty-mv* 

the aise drill to use for tapping, is thousandths of an inch diameter). 

to select one that will be a sliding si ze Size Size Site 8ime 

fit in the die which goes with the drill D. E drill D. E. drill D. E. drill D. E. drill D. Z 

tap. If the drill is too large to -;— ---;- 


Tsn—' 



( 0f[ " “"N 



r J 

. 


go into the die (a nut will do Just 
aa well) the threads will not be 
full ana if it is smaller than the 
die or nut, the tap will turn so 
hard it will probably break. 


Reamers. 

Fig. 9: Are used a great deal 
In auto work as they enable one 
to enlarge a hole to any desired 
rtse (in thin material) without 
having to resort to any particular 
sise drill. Simply drill a small hole 
and ream it out to sise. Tapered 
reamers can be had, that cems to 
a sharp point. The one shown in 
fig. 9 is the blunt type. Note- 
don* t confuse a taper reamer with 
a taper shank reamer. See chart 
287, ''Reaming a Hole.” 


Size 

drill 

D. E 

Sise 

drill 

D. E. 

Size 

drill 

D. E. 

Site 

drill 

D. E. 

Size 

drill 

D. a 

1)4 

1.600 

% 

0.375 

1 

0.227 

27 

*0.143 

62 

0.0(1 

1)4 

1.250 

U 

0.368 

2 

0.219 

ft 

0.1406 

ft 

o.ocfl 

1 

1.000 

23-24 

0.3593 

ft 

0.2187 

28 

0.139 

53 

0.050 

11 

0.969 

T 

0.358 

8 

0.212 

29 

0.134 

54 

0.651 

it 

0.937 

S 

0.348 

4 

0.207 

30 

0.127 

66 

0.060 

i! 

0.906 

44 

0.3437 

6 

0.204 

% 

0.125 

ft 

O.Offi 

% 

0.876 

R 

0.339 

41 

0.2031 

81 

0.120 

66 

0.045 

!i 

0.844 

Q 

0.332 

6 

0.201 

82 

0.115 

67 

0.043 

41 

0.812 

14 

0.3281 

7 

0.199 

33 

0.112 

58 

0.041 

i! 

0.781 

P 

0.323 

8 

0.197 

84 

0.110 

69 

0.040 


0.750 

o 

0.316 

9 

0.194 

ft 

0.1093 

60 

0.010 

H 

0.719 

ft 

0.3125 

10 

0.191 

36 

0.108 

61 

0.033 

14 

0.687 

N 

0.302 

11 

0.188 

36 

0.106 

62 

0.037 

H 

0.656 

4! 

0.2968 

ft 

0.1875 

87 

0.103 

63 

0.033 


0.625 

M 

0.2950 

1Z 

0.185 

38 

0.101 

64 

0.035 

it 

0.594 

L 

0.290 

13 

0.182 

39 

0.099 

66 

0.033 

ft 

0.562 

ft 

0.2812 

14 

0.180 

40 

0.097 

66 

0.033 

n 

0.681 

K 

0.281 

15 

0.178 

41 

0.095 

ft 

0.0311 

'h 

0.500. 

: j 

0.277 

16 

0.175 

ft 

0.0931 

67 

0.031 

n 

0:4843 

i i 

0.272 

17 

0.172 

42 

0.092 

68 

O.OJO 

44 

0.4687 

! H 

0.266 

44 

0.1718 

43 

0.088 

69 

0.029 

XI 

0.4531 

! 44 

0.2656 

18 

0.168 

44 

0.086 

70 

0.027 

ft 

0.4375 

G 

0.261 

19 

0.164 

45 

0.081 

71 

0.023 

n 

0.4218 

1 F 

0.257 

20 

0.181 

46 

0.079 

72 

0.024 

z 

0.413 

1 E 

0.250 

21 

0.157 

ft 

0.0781 

78 

0.021 

49 

0.4062 

)4 

0.250 

ft 

0.1562 

47 

0.077 

74 

0.022 

Y 

0.404 

! D 

0.246 

22 

0.155 

48 

0.075 

76 

0.020 

X 

0.397 

1 c 

0.242 

23 

0.153 

49 

0.072 

76 

0.011 

|| 

0.3906 

i B 

0.238 

24 

0.151 

50 

0.069 

77 

0.013 

w 

0.386 

41 

0.2343 

25 

0.148 

$1 

0.066 

ft 

0.0151 

V 

0.377 

A 

0.234 

26 

0.146 



78 

0.015 



i 






79 

0.014 



i 

> 






80 

0.012 


Fig. 9.—A taper reamer. 


Shields Meohanies Guide Hand Book. 


OHART NO. 286-A—Drills. Straight and Taper Shanks. How Marked for Sizes. Reamen. 

♦Boo ohart 285-B for sise drills to use for U. 8. and S. A. E. taps. 

•*8ae chart 247-G for a drill and lathe chuck. tTbis table is sise of drill rods, see above, “conparlm 
table 106 and 100.” 
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r multi or imrrorcrly orouno DRILL! _ 
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How to Sharpen Drill*. 

Few mechanics know how to sharpen a drill or 
how to tell when it Is properly sharpened. Four 
factors are essential. They are: 

1- Both ontting lips should have the same angle te 
the axis; otherwise the cutting will all be done 
by one lip and the drill will drill oversise. (see 
fig- 5.) 

2- Both cutting lips should be exactly the same 
length. Otherwise it will throw the point of the 
drill off-center, causing the drill to cut oversise. 
(see fig. fi.) 

3- Proper clearance back of the cutting edge. In¬ 
sufficient clearance causes the drill to drag, cut 
hard and get dull quickly. 

4- The angle of the lips should be about 60* eaoh. 

•To Sharpen. 

6-Hold the drill lightly against the wheel, as shown 
in fig. 8, with the cutting lip on the wheel. 
Wheels for drill grinding should be fairly soft 
and open so they will not clog or burn. The drill 
should be pressed lightly against the wheel and 
carefully watched to see that it is not burned and 
the temper drawn. Watch the surface from which 
the grinding wheel leaves, as the heat is concen¬ 
trated there, (see pages 696 and 711 for temper¬ 
ing drills and small tools.) 

6-Twist the drill and at the same time throw the 
right hand down in order to grind the proper 
clearance. 

7- Check the length of the cutting lip, as shown in fig. 9. 

8- Oheck the angles of the cutting lips, as shown in fig. 10. The beet cut¬ 
ting angle is 60 degees. 

Drilling. 

9- Brass or thin sheet metal may be more readily drilled if the cutting lips 
are beveled, as shown in fig. 11. This prevents the drill from digging in. and 
catching. 

10- Always clamp or hold the work being drilled to prevent drill catching and 
breaking, and place a block of wood under the work. 


Bee page 641, how to read 
angles in degrees. 



AcunMIy mark 
•i Sm cmtir Ritiflen 
wtth • pair «f itaal at- 
vMara, attar flrat lightly 



11- In starting to drill use moderate speed, gradually increasing until the 
best cutting speed is obtained. 

12- When drilling small holes, speed the drill up and go carefully when the 
drill is breaking through the work. This is the point where the drill usually 
catches and breaks. 

13- When drilling large holes, say % in. to % in. dia., it is better to drill 
a small hole first. 

14- It is advisable to always make a center punch mark in metal to be drilled. 
16—Case hardened steel must first be softened until an even red heat is reached. 

and re-hardened again. 

16— The following are the cutting compounds for the various metals: 

Hard steel—turpentine, kerosene; soft steel—lard oil, machine oil; brass— 
soda water, if anything; aluminum—kerosene; cast Iron—none. An air blast 
is a very good cooling medium for cast-iron drilling. 

17- If the drill chips out at the cutting edge there is too much feed, or the 
drill has been ground with too much clearance. A split up the web is caused 
by the same improper grinding. 

Laying Out Work For Drilling. 

The easiest way to lay off work for drilling, etc., on Iron or steel Is to 
cover It with a coating of chalk, which permits the lines scribed on the surface 
with a steel pointed instrument so as to be readily seen. 

All lines showing the size, location of holes, etc., are scribed out on the 
metal, previously chalked over, as aforementioned, or if on wood, simply 
by a hard pencil, and all centers of holes to be drilled should then be cen¬ 
ter punched by a hard steel punch. 



rt* hnlahad 
ttva cmtir Mnaa 



Lift—TM plic# praparad and mdy fir drilling. Tha prick punch 
marfci ahmiM ba mad# carefully and lightly. —Middle—Th« groove 

•howId ho made the depth that it la daalred to draw the drill, and on tho aldo 
that tho drill la te bo drawn. —Right—A triangular halo may bo corroctod 

In tho mannar llluatratad 



A diamond point shonld be used 
in “drawing” the drill. 


Fig. 8. Whan drilling a piece of 
thick metal and drill has a tendency 
to boro crooked or off tho center, it 
can be re-centered again by cutting a 
groove with a diamond point chisel ea 
the side towards which you wish te 
draw the drill, as here shown. 


3HABT NO. 286-B—Drills and Drilling. Correct and Incorrect Cutting Lip for Drilling. Us 
it Spring Dividers for Laying Out Work. Re-Centering a Drill. (Motor World.) 

See page 703 for drill sizes to use for U. 8., S. A. E. Standard thread. *See page 616 for drill grinder. 
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How To File—Draw Filing. \ 

The art of perfect filing, is a very difficult one; few men can file truly flat. The 
reason is not very far to seek. 

Fig. 16 represents the position of the file at the beginning of the stroke. H 
the pressure of the hand be equal through the stroke, it will be greatest om the ear¬ 
ner nearest the workman at the commencement, and on the other corner at the amd 
of the stroke—due to the leverage—and will tend to form a curved surface by im¬ 
parting a slight rocking action to the file. 

Therefore, the pressure on the file must be greatest on the left hand at the Be¬ 
ginning of the stroke, and as the file crosses the work, must be gradually diminished an 
the left hand and at the same time increased on the right hand. 

Notwithstanding this, it is impossible to file truly flat. If the work be was- 
ined with a straight-edge it will be found higher in the middle. 

To reduce this high part recourse must be had to draw filing (fig. 17), holding 
the file by both ends and working it backward and forward across the middle af the 
work. This will considerably reduce the high part, (see chart 247-F for different 
kinds of files.) 


Beaming a Hole. 

Take for instance a worn steering gear pin and eye (figs. 22-23). If new parts are not at hand then 
use a reamer. 


If the reader has a stock of reamers, the best way is to ream out the holes. They can be filed 

out if the holes are shallow, but if there is a deep boss it is almost impossible to get a cylindrical kola. 

The best way would be to drill them out Vfe inch larger or Vie inch if much worn, and turn the pins to this 
siae, or fit a bronse bushing. 

Great care must be taken in drilling the holes that the drill follows the old hole exactly, so that, if 
'possible, the rods and jaws should be drilled together in place. Fig. 28 shows the drill having gone 
wrong. By far the best way would be to buy a reamer of the sise required and make a really good Job. 
Shake or play in the steering gear does not come on suddenly; there would be in moat cases plenty 
of time to procure a reamer from the tool dealer. The reader must not forget when putting in new piaa 

to insert the stop pin in the head or to drill the hole for the cotter pin. (see page 706 for reamers.) 



Keys. 

There are three kinds of keys need an 
shafts; the square key, round and tbs 
half disk type, called the Woodruff. 

The Woodruff key is used mors on au¬ 
tomobile work. They are the easiest te 
remove and apply, but when fitted, tbs 
shaft must be milled on a milling machine 
to take this key. (see fig. 26, chart 287A.) 


The round key is seldom used because it is difficult to remove. If, however, 
a quick job is desired it is the quickest, as a hole can be drilled and tbe 
round key hammered in (not advised only on temporary work.) 


The square key if applied properly can easily be removed. 


Gutting a Key-Way. 

For a square key the best method is by using a machine equipped for the purpose, however key-ways 
can be cut by hand as follows: 

Koy-way cutting with a chisel Is an art that requires considerable skill. There are many men whe 
can cut a key-way nearly as well as can be done by a machine, not so the amatenr. The first thing te 
do is to mark out on the shaft the key-way required, with a line to show the center. It is beat to have 
a few flat-bottomed drills and drill a series of holes in the shaft to the depth of the bottom of tho pro¬ 
posed key-way. The holes should not be in actual contact, if they were so the drill would not bors 
Straight. Then with a narrow cape chisel, chip away the intervening spaces and file with a small square 
file. As a square file is not an actual right angle at ita corner, the angles of the key-way would be 
rounded off; therefore work these corners square with a saw file, bnt as a saw file is not cut its entire 
length (that is, has no teeth near the end), the end must be broken off to allow the file to work up te 
the ends of the key-way. The key must be of steel, fitted to bed down on the bottom of the key-wty 
and tight at the sides. Keys of different sises (in the rough) can be bought at tool shops. It will save 
time in fitting if a dosen or two are procured. 

The key and key-way must be slightly tapered. The key-way will be found shallowest in tbe mid¬ 
dle; this must be worked down, using the edge of a fiat file. 


3HABT NO. 287—Beaming a Hole. Draw Filing. Keys. 









HOW TO USE TOOLS AND MAKE REPAIRS. 


709 


I 

I 


i 


f 


A Drift. 

Is used for many purposes. In this instance it 
iff used with square keys. 

If the shaft projects from the boss, a drift 
should be used to prevent damaging the key-way 
by the blows of the hammer. The drift (fig. 2) 
is a steel tool with a hardened nose. They are 
sometimes curved (note the dotted lines), as in 
many cases it is impossible 
to get a straight blow at 
a key. Care should be 
taken not to burr up the 
end of the key. A piece of 
heavy copper held over the 
end of the key by an assistant will prevent this. 



Woodruff Key-Way8. 

As stated on page 708, the key-way for a Wood¬ 
ruff key must be milled. 

Fig. 26 shows a shaft 
that has been milled for 
a Woodruff key, with 
key inserted. “X*’ 
equals the thickness of 
key. The key should 
project above the shaft 
one-half its thickness. 



26—Woodruff 



Standard key-ways for pul¬ 
leys and shafts; table 107 
shows the recognized standard 
for the depth and width of 
key-way in pulleys. The same 
formula of course may be used 
for the depth and width of key¬ 
way in shaft. 


Table 107. 


IhaMf (Dl •< M»W 


Dw*h till of 
»»*•» 

■ar 

3-1* to *1«- 

3-13' 

t-M- 


M to 74 

14 

1 1* 

OIO 

14-1* to 1 14 

S43 


03'. 

1 3-1* 10 1 34 

31« 

3-32 

0*0 

1 7 1« to 1 34* 

14 

•1 1 

050 

1 1J-1« to 3* 

4-1* 

4 32 

<wo 

3 Ml to 3 13 

3-1 

3-1C 

0«0 

3 * 1 « to 3 

7-IC 

VI* 

1 .0*0 


A list of the 
standard sizes of 
key - ways both 
for pulleys and 
shaft are given. 

The radius (R) 
referred to, re¬ 
fers to the round 
corners on key. 


To Remove Tight Stud. 

. 20: A method of remov¬ 

ing a tight stud is to use two 
nuts and lock them, keeping 
wrench on lower nut. 



Removing a Broken Stud. 

Pig. 22: A broken stud or screw (8) can best 
be removed by a special left hand drill (D) called 
the “Ezy-out,” mfgd. by Cleveland Twist 
Drill Co., Cleveland, O. 

Other methods hre — pour kerosene 
around the stud to soak into the threads, 
if a piece of the broken stud stands 
above—the broken part may be removed 
with a chisel and hammer—not a sharp 
chisel, however. A diamond point chisel 
is best. If it will not move, then drill it 
out, using a drill well under Bize of 
thread. The hole should then be cleaned 
out with a tap, same size as thread. If 
in case of a hardened set screw which is 
broken, then use a blow torch and heat. 

Another method —if broken part projects; saw 
a slot and use screw driver. 

To Put an Over-Size Stud In a Worn 
Bolt Hole. 

Use an over-size stud which will make a tight 
fit in top of cylinder stud bolt holes, then, either 
file, bore or ream hole out in cylinder head so it 
will take the over-size stud you are to use. For 
instance, if a inch use a % inch tap and stud 
bolt. If a % inch use a yie inch tap and stud bolt. 
If a % inch use a % inch tap and stud bolt. The 
holes could be drilled out if you have no reamer. 
Straight reamer would be best, (also see Ford Sup¬ 
plement.) 



To Remove a Tight Nut. 

Try heating it if it cannot be bu-dged with a 
wrench. Try pouring kerosene on the nut and bolt 
and leave stand for an hour or so. Drill holes in 
nut and split it with a chisel if it will not come 
otherwise. This will save the threads of bolt. 

A Stripped Nut—Will Not Grip. 

Usually the fine thread nut is the one which 
causes this trouble. A method that may be adopted 
is to reline the nut uniformly with soft solder and 
then give it a start on the bolt, and by working it 
down the thread a little at a time, cut a new 
thread inside the nut. 

The soldering part of the operation is simple 
enough, the nut being fastened to a piece of iron 
wire, dipped in the killed spirits, and then held in 
the blow-lamp till hot enough to melt the solder. 
The same process reversed would apply equally 
well to a stripped bolt and nut used to cut a new 
thread on it. 


A Simple Water Still. 

When pnre water / is required for a battery and 
none is available, here is one method: The ap¬ 
paratus illustrated shows a teakettle, some garden 
hose and a jar for collect¬ 
ing the water. The water 
is boiled in the teakettle, 
i condensed in the coils of 
t the hose and caught in the 
jar. A copper coil of pipe 
11 b *is best, but not always 
available. A bottle of dis¬ 
tilled water will last quite 
awhile for making up loss 
of evaporation—see page 465. 




Fig. 16. The four bolts on the front of the Ford 
transmission can be replaced by one man working 
alone, by inserting the bolts from under the oar, 
laying a block of wood on top of a jack and lifting 
the jack till the heads of the bolts are pressed into 
the wood. This keeps the bolts in place and pre¬ 
vents them from turning while the nuts are put on. 


Fig. 17. When the oil pipe T, page 197, of a Ford 
engine is dogged, remove the radiator and take 
off the front gear plate. The cam gear is then 
removed with a puller. This will expose the end 
of pipe and ap air hose is connected to it and air 
turned on, blowing the clog out. This saves tear¬ 
ing the engine down. If pipe is clogged, 
gears will be noisy. 

Fig. 18. Rear axle stand, made of wood, 
Note sliding base, which makes an ad¬ 
justable stand. 

A device for straighten¬ 
ing bent rear axle drive 
shaft, without removing. 
The bent part is turned 
as shown and then nuts 
tightened wVich draws 
shaft straight. Applies 
only to semi¬ 
floating axles 
and bends at 
end of shaft. 




CHART NO. 287-A—A Drift. Woodruff Keys and Keyways. Removing Broken Studs and Tight 
Nuts. Miscellaneous. 
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W \ magnetic 

ra maobt \ valve lifter: 

f & Magnets have 

I I 9 been need 

B wSJw-,. 15 l^rro many times 

LJr JLjr f for picking np 

I II/I 11/1 all sorts of 

1 S * ron * n< * >teel 

jimmrA 1 l LnJ] | g parts, but 

| - a - ■■■■ ” ■»- ■ w —their nse for 

pulling out valves is unusual. The magnet 
shown is approximately \xB in. and is capa 
ble of exerting a pull of about 7 lbs., and will 
pull a valve out after springs have been re¬ 
moved. 

A simple tool which will be found of as¬ 
sistance for removing valves that stick badly 
hut may be raised a slight amount consists of 
a hook of Bessemer steel wire % in. in di¬ 
ameter. 

Construction of the magnetic TalTO lifter: 
An old make and break spark coil forms the 
basis of the device. The oore is made of a 
bundle of coarse iron wires. The outside of 
the coil is covered with tape and has a han¬ 
dle consisting of a strip of brass which ex¬ 
tends down the sides of the coil to the end 
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Virile Cutting 
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Fig. 9—To prevent nuts from coming off, various locking 
devices are employed. First one to the left is the well 
known and most used lock washer. The next one is used s 
great deal also, that of using 2 nuts. By holding the top 
one and backing off the lower one slightly, the nuts are se¬ 
curely locked. The next one is also used a great deal 
in connection with castellated nuts. The other two methods 
are used extensively by the Navy department (absolutely 
sure, but expensive.) The lower cuts show a plan view 
of the various locking devices directly above. 


Fig. 10—A stud locking method: It sometimes happens 
that after securely locking the jiut on a stud, the stad 
unscrews itself st the other end and is lost. When wired 
as shown in lower cut, this is prevented. 

Fig. 11—Tou have often heard of I-beam front axle* and 
pressed channel steel frames, channel iron. T-head, etc. 


Fig. S.—Another mag¬ 
netic lifter — which is 
useful for removing a 
nut which may have 
fallen into cylinder or 
other inaccessible place 
is shown in illustration. 
Simply touching the file 
with the magnet makes 
a magnet out of the Ale 
(a long rod may also be 
used instead.) 

Fig. 4—Method for 
sawing through tubing. 
Oonsists of a wooden 
block with a drilled hole 
to receive the tube, 
(from Kewsabout Fords.) 


£0 
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0—End view of a channel section. 
T—End view of a T section. 

I—End view of an I beam. 

A—End view of an angle iron. 

TB—End view of a tubular section. 


Note—Mostly spoken of as “section”; meaning cross- 
section or view from end after being cut in two. 

♦Fig. 17—A spark plug and lamp testing outfit illus¬ 
trated below is handy for carrying from one part of the 
shop to another, for testing on different cars. Several dry 
cells are placed in a long, narrow box, and connected 

Donjtjww .. ._. through a double-throw 

jrfttfnri \ / switch to the testing tenn- 

■“*17 Jp gN^ 01 1 inals. One side of the 
uk» switch throws the two type# 
of lamp sockets (single and 
double contact, see page 

wrrur 433 ) * nto the c ^ rcu * t - an< * 

the other side connects the 
pjg * batteries through the spark 

Ml I- coil to the plug testing rests. 

I- / This unit is compact enough 

X • rr to be taken directly to the 

job.—(Motor World). 



^§pHj Fig. 04—A foreman's desk: System is essential in the 

repair-shop, but because it is system does not necessarily 
ni. j A require an elaborate equip- 

^ (Q ment . An old packing box 

gj may be made into a fore- 

gn JBman's desk, and a few 

Fig. 6 —-Vise strips ef wood and tin may 

clamps for |T*T^—be used to construct a work- 

working with men's time and work card 

tubing. Note TC3Jfiling rack. The blank cards 

spring tension are always available, and 

which keeps SSr roSc* clean. Any of the work- 

clamps in ‘ nitun men's cards may be seen st 

vise when M a glance, and are in order, 

jawsare *»* A clock should be hnsg 

opened. near at hand, so that the men will not have to guess st 

the time—(Motor World). 


Fig. 6.—Vise clamps made of wood, H inch sheet copper and sometimes 
sheet lead. Are useful and neoessary where material is to be clamped is 
vise, which would mar its surface otherwise. 

When vise clamps are mads of sheet copper or lead—use % inch thick- 
cut to sise of vise jaws and bend over top of jaws to support them in place. 

Wooden clamps made of hard wood with holes bored through and then saws 
across, about K-inch or more being cut away; or they can be cut to a V. Thset 
latter will take bars or pipes of various sixes without injury. 


T NO. 288—Miscellaneous Shop Hints. 

es 418 and 421 . for other Electrical Testing Outfits, also 864 -H, T. ,J and K. 
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How to Make Lathe 
Tools. 

♦High spaed steel, usu¬ 
ally, should he heated 
until the tip of the tool 
•tarts to melt, and then 
plunged in oil, or buried 
in common salt until 
thoroughly cool. High 
carbon steel gives the 
best results when heated 
to dull red and plunged 
in oil. 

Only the tool point 
proper should be heated 
to the plunging temper¬ 
ature, the heat applied 
slowly at first and then 
the blast turned on and 
the point heated to the 
required plunging tem¬ 
perature. 

The tool should be 
plunged into the oil 
when the heat la increas¬ 
ing, and at the instant the point reaches the plunging tempera¬ 
ture—dull red—in the case of carbon steel; fusing in the case 
of high speed steel. This is particularly necessary with high 
carbon steels, as heating the steel white hot, allowing it to 
cool to dull red and then plunging it in oil will make a 
poor tool. 

High speed steels, after hardening and grinding, are ready 
for use. Carbon steel tools, however, must be tempered. 

This may be done in two ways, the best being to plunge 
only the point of tool in oil after heating to dull red, thus 
leaving some heat in the heel of the tool. 

When the point is black, remove the tool and rub the cut- I | I I I fcl I I I I I I I I I I lfc| 
ting edge with emery paper mounted on a stick. Watch the g g _ £ 

point closely and as the heat is driven from the heel to the 5 3 g 3 => « £ 

point, the color of the surface being polished will turn g 553*9 SB 

light straw, dark straw and blue. u 

When the point of the tool is straw color pldnge the whole tool in oil and cool it entirely. The other 
method of tempering is to cool the tool after the first heating, polish the point, slowly heat it again until 
straw color, and then plunge it. 

Almost any grinding wheel may be used for grinding the tool, but caro must be taken not to draw the 
temper, or burn the tool. The tool should be held lightly against the wheel and frequently cooled in 
water. Grind the tools to the shape desired, following closely as possible those illustrated. Finish the 
cutting edges with an oil stone. 

Fig. S shows a tool bit holder and standard set of high-speed tools. These are excellent for repair- 
shop purposes, though expensive. The shapes illustrated will cover a great variety of work, and the tool 
should be changed to suit the work, rather than regrinding the tool each time. 



How to Bolder. 

▲ soldering copper (fig. 2) is a wedge-shaped block of copper, fitted in an 
iron fork with a wooden handle. To use, it is placed in a clear fire, or gas 
or blow pipe torch (fig. 1) burner till it is hot enough to use.t 

If the copper is a new one, It must be tinned. When hot, file off the scale 
on both sides and ends for a quarter of an inch from, the tip, so that the metal 
be clean and bright, dip the nose in the soldering fluid for a second, and then 
apply it to the stick of solder. A globule will melt off on to a piece of dry 
brick or tinplate which must be ready to receive it. Rub the nose of the cop¬ 
per in this solder, which will adhere to it as quicksilver does to sine. The cop¬ 
per can then be used. 

How to solder: To solder two surfaces they must be clean and dry and 
rubbed with emery cloth. Old work may require cleaning with hot water and 

soda to remove the grease, and the solder runs along the joint and binds the 

two together. To clean the metal and allow the solder to work freely, a flux 
must be used. fSolder—the melting point of soldering material must be lower 
than article soldered, (see page 530, melting points.) 

♦Tho soldering add generally used is made by placing a few bits of scrap 
zinc in a few ounces of commercial hydrochloric acid (spirits of salt) or 
muriatic acid. Drop the sine into the acid a little at a time, violent boiling 

occurs, and as the fumes given off are injurious to the lungs, and also attack 

any bright metal work, the jar should be placed in the open air. Add sine until 
the boiling ceases, and the fluid can then be used. There are several soldering 
fluids sola, some in the form of liquid and some in the form of paste. 

For electrical work use resin as resistance is set up in a joint soldered 
with acid. 

The soldering copper must not be allowed to get red hot, as the tin will be burnt off and the tinning 

process must be repeated. The reader should practice soldering at leisure, so that when he requires to 

use the bit for work on the car, he should know how to do it. For practice, he will very likely find some 
leaky water cans in the house or in his garden. If a can has a bad hole in it, a patch must be put over 

it. But he must remember that the surface must be perfectly clean. Sometimes, especially in old work, 

the emery cloth will not get a clean surface. • A dark spot may be a depression which the emery cloth 
will not reach; the file must then be used. No soldered joint should be exposed to a great strain. 

tHard soldering or brasing is a term used when the soldering mixture is composed largely of copper, 
brass, or silver. Use borax for flux. Hard soldering is best, where material will stand intense heat. 

♦♦Soft soldering is the ordinary half and half (V£ lead and % tin.) Plumbers solder has 2 parts lead 
to 1 of tin. and is therefore still softer than half and half, due t o working on lead pipe." _ 

3HABT HO. 280 —-How to Make Lathe Tools, (see also chart 247-0). How to Bolder. 

'A solution of salammoniac and borax also makes a good soldering fluid, working equally well in copper or brai 
(See page 735, “how to operate a blow pipe torch." Above torch is a “double-jet" type. See page 696 i 
a gas heater. **See pages 715 and 789 for solder for radiator repairing known as “50-50" solder. 
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Wiping a Joint. 

Joining two pieces of load pipo—cUM 
“wiping a joint." The pipe is lint eluoed 
and prepared, by spreading one pipe as at 
(A) and pointing the other and ends slipped 
together, as shown. The solder is melted im m 




pipe, as shown, the snrfaee of this being well 
greased with tallow. It need not be more them 
„ three or four inches square and about ooe* 
quarter inch thick, and the bottom layer 
may be of asbestos sheet so that there will bo 
mmm no possibility of the molten metal burning 

pig. x Preparing to join two pieces of pipe and through and injuring the hand of the op- 

method of wiping a joint. erator. 

As the molten solder is poured on the pad. 
it is wiped around the joint until it is heaped 
np all around the point of junction, the amount of metal used depending upon the aise of the pipe or 
tubing joined. As the metal is applied and wiped smooth with the pad before it haa a chance to harden, 
the finished joint has a neat appearance. Note—Rub the pipe on each aide of the joint with a tallow 
eandle and the metal will not adhere where it it not wanted. » 

While copper or brasa pipe may be joined without difficulty by ordinary methods of soldering or brai- 
ing, the wipe method is about the only practical way to couple lead tubing. 



Gasoline Feed Line Repair. 

A broken gasoline feed line may be quickly repaired by scraping 
the tube near the break, and winding it for 1 in. each side with clean 
copper wire. The wire should then be heated, covered with soldering 
dux, and sweated together with solder. A solid sleeve is thus formed 
that makes the pipe stronger than originally. 

Gasoline pipes sometimes get loose in the sockets of the unions. 
This is due to bad fitting, and shows there ie not sufficient elasticity in 
the pipe; it is too rigidly held. The screwing up of the union strains the 
pipe and the vibration on the road causes the pipe to give way at its weakest point, namely, the soldered 
joint. If the pipe gets loose more than once, it shows there is something wrong. A longer pipe ahould be put 
in, having a U bend in it or a complete circle to give elasticity. The U bend or circle should lie horizon¬ 
tally, with a drop towards the carburetor; otherwise there may be what is called an air-lock, in the pipe, 
and the gasoline will not pass through, (see page 192, for principle.) 

If the carburetor float leaks, (if of metal) it can be repaired with solder. Sometimes it is difficult 
to find the leak, for one method of locating it see page 167. 


copper ruetNG 




Brazing a Flange. 

If it is desired to braze a flange on to a pipe, the flange is placed on 
the pipe and the pipe expanded by hammering till it is a tight fit. This 
is necessary, as it may shift its position in the act of brazing. The 
flange and pipe (A fig. 2) are put in a clear fire in the forge. Then 
as it gets hot the spelter, with borax, is sprinkled round the joint, which 
melts and finds Its way into the space between the pipe and the flange. 
If the reader has .a gas or gasoline blo» pipe it will make the work 
easier, as the heat can be directed where required from ahove. When 
cool the superfluous brsss is filed off. In many cases it is impossible 
to keep the two pieces of metal in the correct places in the forge, there¬ 
fore a pin or rivet must be put in, so that they cannot shift. 

For tube bending see next page. 



Brazing Torch. 

*A gasoline brazing torch, for 
brazing, pre-heating and general 
work. Principle of operation is 
similar to that explained on page 
735 of a blow pipe torch, except 
tank and burner (M) are larger. 
75 lbs. of air is put into tank by 
hand pump (P). The tank is a 10 
gallon capacity. 



Fig. 7 — Another 
engine stand: This 
is a simple engine 
stand that will take 
almost any engine. It 
is 2 inch angle iron, 
bent into a U-form 
and fastened together 
by arose braces. The 
engine side arms rest 
directly on the stand, 
but a cross bar must 
usually be fitted un¬ 
der the front of the 


engine to hold it in place. This stand may also be 
used for rear axle and gearbox work—also see 


page* 605 and 648. 




A Pocketed Valve. 

Pig. 8 Remedying a pocketed valve: When the engine begins to lose com¬ 
pression, one of the first things to be looked at are the valves. ^ whaart 
valves have become pitted, they must be ground in with emery and oil. This pwee* 
while it furnishes a ready remedy, when often repeated, wiU_take "Jj*£ 

of the valve seat. Thus the valve will be lowered and lowered, until finally it » 
“pocketed," and much power is lost because the valve does not open *»* 
enough, although the timing might be correct. This difficulty may be overcome by 
cutting away the excess metal, as shown in illustration, thus restoring the valve to 
normal conditions. (Newsabout Fords.) 


3HART NO. 290—Wiping a Joint. Brazing a Flange. A Home Made Crane. Remedying a Pos¬ 
ited Valve. Another Handy Engine Stand. 

‘Clayton and Lambert, Detroit, Mich., manufacture brazing outfits. Also Imperial Brass Co.. Chicago. Ill 
See page 696 for gas heater. 
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Fig. 4—Annealing copper tubing. 


Fig. 5—Form for bending tubing. 




Annealing. 

Fig. 4—Annealing: The tubing used for gasoline, gas lighting etc., 
is usually of copper and is usually hard. It is difficult to bend it 
_ when hard. The tubing can be softened by heating as shown in fig. 4 

E3\ (called annealing.) Iron rods and other metals of like ns- 

2% ture can also be softened by annealing. 

^ Bending Metal Tubing. 

a The problem of bending metal tubing is one that come up quit# 

' often in the motor vehicle repair and construction shop. Often when 
you undertake to bend some of the new kinds of metal tubing you are 
surprised to have it break, even though the usual precautions 
may have been taken to prevent a fracture of this nature. Fill the 
tube with fine sand packed tight, otherwise the walls are very liable 
to break or they are liable to collapse. 

First of all, it is best to determine the character of the composition 

I of the tubes. Many tubes of different manufacturers are made and 
finished nearly alike and you cannot very well determine what pro* 
cedure to follow when desiring bends or scrolls in the same. But 
tag. the file test will quickly remedy this. Or even the point of a cold 
chisel will do to determine the nature of the metal, then you can 
work accordingly. 

Fig. 5—Bending small tubing: It is well to anneal the tubing 
first. Then procure several washers, and place side by side until 
thickness of tubing is obtained. Two wood blocks are placed one 
on each side and clamped in tho vise. The blocks serve as guides. 
The tubing is then bent by hand over this form. 

Fig. 6—Another plan to secure a uniform bend Is to employ an out¬ 
side mandril on the tube. This consists of a closely and tightly- 
7 wound spiral of iron wire of about 14 gauge over the tube. This 
distributes the stresses in the operation of bending, and afterwards 
it can be unwound. Small bore tubing can be bent by placing a 
piece of copper wire (a fairly good fit) inside and withdrawing it 
*. .. afterwards. 


Fig. 7—To bend small rods and yet leave it circular in form: 

I 1 • * > ^ Drill a hole in a flat piece of iron, fix this in a vise, heat 

4 ' . ,_. the end of the rod—having previously marked the place 

Fig- l 1 To *>c nd or cods. where the bend is to be*—insert the hot rod in the hole and 

bend down, using the hammer to ensure a right angle turn. 
Fig 12—Flinging copper tubing; Cop- “®‘ * . cur T. e - The hole must be larger then the rod or the 
perfubing ma7?Tre»d^ fleredfir the hot ® nd 

attachment of unions by the use of a pair ^ /t.ii i_i „ , r 

Of lineman’s splicing pliers. The end of Repairing a Cracked Cylinder. 

the tube to be flanged is caught in the jaw Repairing a cracked cylinder: Welding is best, but if this 
of the pliers and a punch used to press isn’t convenient a drack can be repaired with copper as 
the end out the required amount. Or- follows: 

the^STOoves* in™ the centre Fig. 16—A small hole should be drilled at each end of the 

nli«rn will be found to pvuch— crack or a little beyonnd it, for the crack may go further 

fit almost any of the cop* than ia visible to the eye. A % inch hole should be drilled 

Der tubing commonly and tapped, and a screw inserted and serewed home, and the 

used When this is not end flled flush with the metal. Then a piece of stout sheet 

the case the grooves may copper (P) (not lesa than V42 inch thick) should be cut out. 

be readily enlarged by V covering the crack extending about % inch all around. This 

an emery wheel. must be bent to fit the cylinder and fixed down with a number 

of 9ie iuch o* ^4 inch screws. Put a piece of canvas smeared 
with red lead, putty, or thick oil paint under the copper. The 
— VtSSmtuk petch may leak a little at first, but will probably ’’take up" 

B f m • few days. 

(Plugging Je another plan: A very small crack in a cylinder, 

probably caused by freezing of contained water, may be mended 
follows. Drill a small hole in each end of the crack, and 

---—-- /op\ tap it for a small copper plug (fig. 8.) Scrape the surfaces 

STS near the crack until the metal is bright. Cover the crack 

■ P-’olo ’ with soft copper filings and melt them in with the blow torch. 

I Mpi Tr J IfWjL’ o I o Use a flux of rosin dissolved in alcohol, or simply drill and 

,,L0 ° feol' thread the hole, if not too large and screw in a pipe plug 

w in oyl j Bafcd J tap and saw it off. 

£r V - | [ Busting up a small leak In a cylinder; pound of sal am* 

Ss r* -S moniac to 1 quart of water poured into cylinder and left stand 

! i« for hours has caused rust enough to form to entirely close a 

[f^f * small hole. Be sure and wash out tuoroughly. Another remedy is 

y&'f I an "iron cement" secured at supply houses. Cider or vine* 

^ I’Lrol kio * gar will cut rust out of cast iron cylinder water jackets, if 

w l left standing for two or three days. 

“ ~~ How to Use the Metal Saw. 

The fine-toothed bl.de. ehould be used for iron and steel and the coarser one. for brnss and soft 

m.tala For cuttin* through a braaa or steel tube uae a fine-toothed blnde, ae the teeth rip off tho 

onai Before sawine make a trne circumferential line round the tube where the cut is desired; 

t“rb 7 ^mln® the tub.rounda ifttle between .each cut, tb. latter will be true and aqnare. The 

broken blades are naeful af times for small repairs, as they are readily aoftened. 

Spiral springs; are so readily obtained in a large variety now that it is not. often one is at a loss 
for a particular size of spring. The occasion may ariee, (and it it worth keeping in mind) that the hand 
drill fixed in the vise makes a flrst-rste winder for small springs, using a piece of round steel rod ae s 
mandril. 

«IIART yro 290-A_ AnnssUn g. Tube Bending. Repairing a Cracked Cylinder. Flanging Ooppe 

Tubing. 
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because the flame ia not con¬ 
centrated, and would melt ft* 
solder holding the tubas is 
place when the header* are be¬ 
ing removed. 

▲ properly constructed test¬ 
ing device must be need. The 
one illustrated in suitable. 
Water pressure is used at d the 
leak determined. The waftr ia 
taken from the pipe line, 
through a regulating valve that 
steps the pressure down te 
about 15 lbs., as shown by a 
pressure gage. Ordinary city 


i 

l 



Pip. J—»-«*—Method •« cutting oat a taaky taction and aoMarlng 
up tha tutoaa. Ftp. «—upp*«'—Th* tuba* or* cMonad by running 
a rod through thorn. Pip. I—Cantor—Tho tndl of tho tub. in 
mod* boll-mouthod with a prlcM punch. Pip. f— Wight—Another 
tub# to Mid InoMe of tMo on*. Pig. 7— t*w*r—'Th* pr*j*ctlnp 
ends of tho two tube* are aoMarad together 


pressure should never be used for testing without • 
regulating valve. A greater pressure than 15 Dm. 
might burst a tube and 10 lbs. is as much sa 
should be UBed in testing the top and bottea 
headers. The water is carried through a rubber 
tube to the tube to be tested, the end of the rubber 
tube being fitted with a brass tip to facilitate in¬ 
sertion in the tube to be tested. 

Substitute for Regulator. 

Where a pressure reguLitor cannot be used with 
a city water supply, a simple pipe may be run ap 
through the second story or roof aud a sufficient 
head for testing be obtained by filling this with 
water. Each foot of head would have about fcslf 
a pound pressure, or to be exact, a 23 ft. head 
would furnish a pressure of 10 lb. 

All of the radiator tubes must be cleaned and 
straightened to permit the insertion of the inner 
copper repair tubes. This is done by running a 
length of %s in- rod through the tubes. This rod 
is mounted on a file handle, as shown in fig. 4 


Rebuilding a Radiator—(Cadillac as an 
example.) 

Three Methods Available. 

Radiator repair is one of the least understood 
jobs in the repairshop, yet one that is often nec¬ 
essary. Carelessness on the part of the drives 
either In letting the water freeze or in running into 
something, is about the only thing that will cause a 
radiator to leak. 

Three methods of repair are commonly used. 
The first is to place some sort of a compound in 
the radiator, sealing the leak. The second is to 
force the fins to one side, exposing the leak, and 
soldering it up. The third, in the case of a split 
tube, is to cut out that portion of the tube that 
is leaky, and solder up the ends, fig. 8. 

The first method should be avoided. Though 
only a few tubes may leak, the compound affects 
all tubes alike, impairing their efficiency. The 
amount of compound to be used is usually left to 
the discretion of the workman and too much of it 
may seriously affect the proper cooling of the 
water. 

The second method is the best of the three and 
is practical for any number of leaks. 

The third method is also practical when not more 
than 2 or 8 per cent of the tubes are affected. It 
is important that the tube be cut and soldered at 
the top of the tube as well as just below the leak. 

Rarely, however, are one or two tubes alone in¬ 
jured, and the method herein outlined is to be 
recommended. In short, it is to tear the radiator 
down, removing the top and bottom headers and 
expose the tubes, find the leaky tubes, and to 
solder an inner tube into them, closing all leaks. 
After this the radiator is assembled. 

To do tho Job efficiently, a certain amount of 
equipment is necessary. The first is an oxy-acety¬ 
lene welding outfit having a torch fitted with the 
smallest possible tip. This is used to melt and 
remove the headers, and again in rebuilding the 
radiator. A common gasoline torch cannot be used. 


The copper tubing used in making this repair is i 
extra thin, in. outside diameter tubing, and may ' 

be purchased from any jobber. It is somewhat 
expensive, but inasmuch as a small amount of it 
may save a whole radiator, its use is really econeni 
cal. 

The balance of the necessary tools comprise a 
knife, center punch, emery paper, soldering paste, 
solder and a light hammer. Then, having the 
equipment, tools and idea of what is to be done, 
this is the way to do the job. 

How To Do It. 

1— Drain aud remove radiator. 

2— Place It face downward, and using the oxv-acety* 
lene torch, unsolder the lugs holding the shell to 
the body, and remove the shell. 

3— Still using the torch, heat the lower header 
flange and pry it loose from the header with a bent | 
piece of thin iron (see fig. 1). The flame mnrt ■ 
be concentrated on that part that is hanging, and 
the flame should not be held too long in one place 
or the solder holding the tubes in the hetder may 
be melted. It is not an easy job to remove the 
header, and the work must be carefully done, so 
that neither the flange nor the header Is injured 
and may be soldered together Again. 

4— In a similar manner, remove the top header. 
Roth ends of the radiator tubes are now exposed. , 

5— Using the rod as shown in fig. 4, clean ost 
each tube, one by one. This should be done he I 
for the testing, as the solder from some previously 1 
repaired leak may be removed, canting a leek. 

6— Place the radiator on the testing stand, u 
shown in fig. 2, and test each tube, one by one. 
determining whether or not it leaks. If a leak is 
found, mark that tube with a V made oa the header 
plate with a knife. 

7— Replace the radiator on the soldering beach. 

8— Make both ends of all the leaky tubes bell¬ 
mouthed, as shown in fig. 5, using a center punch 
as an expander. 

9— Scrape the inside of the boll-mouthed tehee 
clean and bright with a knife. 


3HART NO. 290-B—How to Repair a Radiator— Cadillac as an example. (Also see page 194 tad 

hart 290-C, page 789 and Index.) 

(Motor World.! 
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—Continued from chart 290-B. 

10— Slide the thin %2 in* copper tube into one 
of the leaky tubes, until its end projects about Vie 
beyond tho bell-mouthed end of the leaky tube, 
see fig. 6. 

11— Cut the other end off so that it projects Vie"* 

12— Repeat with each of the leaky tubes. 

18—Apply the * soldering paste to the tube ends, 
and using a concentrated oxy-aeetylene flame, heat 
the tip or the thin inner tube, and the bell-mouthed 
tube, and run solder into joint as shown in flg. 7. 
14—Repeat this with each tub# end, taking care 
not to melt the solder holding the original tube to 
the header end plate. 

16—Straighten and clean the header flanges. 


16— Replace the upper header, and carefully sol¬ 
der it to its header flange. 

17— Replace the lower header, and solder it to 
its header flange. 

18— Plug all inlet and outlet holes in the radiator, 
and test under 10 lb. water pressure. 

19— Replace the shell, and resolder the lugs. 

20— Replace and refill. 

In using this method it should be remembered 
that the tubes repaired by inserting the thin inner 
tubes are not as efficient as the original tubes be¬ 
cause there is no fused metal contact between the 
inner tube and the fins of the radiator. 

There is therefore a limit to the number of tubes 
it is practical to repair in this manner. 


tTestlng and Soldering Radiators. 



Method for Testing a Radiator 
(Packard as Example.) 



screw into it. Air pressure i 
pie, one end of which is screi 
the other attached to the air 


Another Radiator Test. 

All openings of the radiator 
must be plugged before air pres¬ 
sure is applied, to test for 
leaks by immersion in water. 
Ordinarily this is done by sol¬ 
dering up the openings. By 
the method illustrated all the 
openings may be stopped. The 
filler opening is closed lightly 
by placing a rubber gasxet be¬ 
neath the filler cap, and screw¬ 
ing it in place. The inlet and. 
outlet are stopped by rubber 
corks, that are inserted, and 
then expanded by squeesing 
them together with thumb 
screws. The overflow is stopp¬ 
ed by screwing a tapered cap 
applied through a special nip- 
ed into the drain plug hole and 


The radiator is removed from the car. 
and all inlets and outlets sealed. The filler 
opening is closed by a metal cap, soldered 
on; the outlet closed by a plate bolted to 
the flange, and the inlet closed by a sold¬ 
ered plate bearing an inner tube air valve. 
Air pressure may now be applied to the ra¬ 
diator, after immersing it in water. Bub¬ 
bles locate the leaks immediately, after 
which the leaks are soldered, and radiator 
tested. 


Marking Leaks In Radiators. 

When testing* a honeycomb radiator for 
leaks the position of the cracks as indicat¬ 
ed by the bubbles may be marked by plac¬ 
ing split rivets at every poin^ where leak¬ 
age occurs. By this method no time is 
wasted in looking for the defective spots 
when M>ldering. 


Testing with Oas. 

Testing by air pressure is liable to 

5 lace a dangerous strain on the tubes and 
ipping in water is necessary in order to 
locate the 
leaks. By us¬ 
ing city gas 
these difficul¬ 
ties may be 
avoided. The 
inlet. outlet 
and filler 
opening are 
plugged and 
the city gas 
passed into 
the radiator through the overflow. When 
a lighted match is passed over the tubes, 
the location of any leak is immediately 
shown by a flame. 




Removing a Leaky Section. 

Honeycomb radiator repairing is exceedingly difficult, at the 
best, but a simple method of repair 
Is Illustrated. The leaky section is 
entirely removed, and the water 
passages entering into all sides of 
the resulting opening are soldered 
up. After testing, a dead section 
is inserted in the opening, and Its 
edges soldered to the edges of the 
opening. Though the cooling ca¬ 
pacity of the radiator is somewhat 
reduced, the job is permanent. 


—iMhy Mellon 
t— MlMrotf up to “ 
ix4 thou ■ Amn., 
•oMa-od in pl«e« 


Cold Solder. 

For repairing leaks temporarily 
by pasting in 
the leaks. Sol¬ 
der hardens on 
exposure to the 
air. Mfg’d by 
Stone Solder 
Go.. 3107 De¬ 
troit Ate., 

Cleveland, O. 



Soldering by Dipping. 
Dipping is a quicker and 
more satisfactory way to 
solder the tubes of a radia¬ 
tor in place. The objection 
to the use of the soldering 
iron is that the tubes are 
so inaccessible that it is dif¬ 
ficult to solder, and if a blow 
- i ,,, _.,i torch is used, there is dan- 

Vi?*"" °* “siting some of the 

* w joints previously soldered. 

The ideal method is to pro¬ 
vide a solder batfc. The 
parts to be soldered are 
thoroughly cleaned and 
treated with muriatic acid 
."I'Ll i"!. ll. mit t poUiTioji is b-sired, then the radiator dipped. 
The sqJlI+t naturally will adhere »only to the parts that are 
clean. The solder is made of 50 per cent lead and 50 per cent 
bar tin melted together. 


2HART NO 290-C — Radiator Repairs — continued. See also pages 714, 194, 584, 789. (Motor World.) 
Slight leaks in radiators and even a crack in the water manifold can be stopped by use of some of the radlatoi 
cements circulated in the water system. Some of the manufacturers of radiator cements are Woodworth Mfg 
Corpn., Niagara Falls, N. Y.; X-Laboratories, 630 Washington, St., Boston, Mass.; X. W. Chemical Go., Marietta, O 
►See page 711 for muriatic acid soldering solution; how to mix. |See advertisement, back of book, for thi 
Continental Radiator Stand, for holding radiator to work on. 
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Cutting Gaskets. 

Perhaps one of the first things st bench work a young repairman if 
taught on entering a shop is that of cutting gaskets. 

The gasket between the base of cylinders and the crank case and 
the cover of gear box, are usually made of paper. 

If care is not exercised in rdmovin^ a cylinder from the crank 
case, the paper washer or gasket may easily be damaged by part of it 
adhering to the cylinder and another part to the crank case. Should 
the gasket by chance be ruined, a new one can easily be made in a few 
minutes. 

Chitting cylinder bead gaskets: A sheet of fairly heavy wrapping 
paper should be obtained and a hole made just large enough to ac¬ 
commodate the piston. The paper is then rested on the crank case 
and with the aid of a bsll-poen hammer tapped all around the edges of 
the crank case. It is. however, best to first mark the holes for the 
holding down bolts and inserting the latter to hold the paper in 
position. 

When making the corners and also the holes for the bolts it is 
best to use the poen or round end of the hammer. 

It is not necessary to strike the paper a hard blow, only a series of 
slight taps being required when it will be found that the gasket will 
have a niece clea. cut edge and conform exactly to the desired shape. 

It does not matter much how complicated the shape of the gasket 
may be for if the above suggestions are followed, making a new one 
will be comparatively simple. 

The hardest part of the whole procedure is to keep the paper in 
place on the crank case, but if the holes for the holding-down bolts 
are first made and then the bolts inserted as shown in the illustration. 
Pig. 2_Cutting a paper gas- no difficulty should be experienced. 

ket for transmission cover. * After the gasket is finished it should be covered on one side with 

shellac and allowed to dry a short while. Then when the nuts aie 
tightening up a good oil-tight joint results. 



Cutting gaskets for gear box cover: The same principle applies. 
Be careful in tapping so that the edges will not be broken. Some¬ 
times it is possible to press the paper by hand and make indentation 
enough to out the gasket from. 

Other gaskets, such as mobolene and asbestos gaskets are made in 
similar manner, but are usually marked off by pressure of hand or 
finger, when placed over the part to be fitted, then cut out with a sharp 
knife. Asbestos gaskets for cylinder heads are sometimes made when 
nothing else can be haa. It is soaked in linseed oil before applying. 

Shellac. 

Shellac is an excellent preparation to insure a good tight joint and 
ought to be used on only one side of a gasket. Shellac dries up, but 
. . . . . a good way to handle it is to have a wooden stopper which can be used 

A bottle of shellac is needed f pr the shellac as well as acting as a stopper. 

* n cver > re P* ir 8 °P- When a workman wishes to spread a coat of shellac upon a gear- 



case cover, or a gasket, he has but to invert the bottle with the stoooer 
in place, then remove the stopper and roll the large end over the surface 
to be smeared, and a coat of shellac is left in its wake. 

* How *° 8h6l l* c: Secure an open mouth bottle, fill nearly full 

/ of fl%ke shellac and pour in alcohol, and let it dissolve. This will make a 

/ g *"****1 +*^—very thick solution. To make it thinner put in less flakes of -shellac. 
I f The flakes can be secured at any drug store. 

W Using shellac: In replacing detachable cylinder-heads, only the 

-iSSy smallest possible amount of shellac should be used and this should be 

quite thin. If the shellac is heavy and any considerable quantity is 
used it will squeeze out into globules and the first explosion will blow 
A device for cutting circular gaskets these into the valve ports, where they will start an accumulation of carbon. 
«!■* Tf ! ° u t nTn fiat .° f . I st ” 1 Note—When n.ing shellac on a gasket, n.e it on bnt one aide, 

which** form«*the Th. tto ^ The “» ‘ he “ “« ed 0Ter Otherwise it will 


n,^^ LTad^atobi;. 7o that be necessary to m.ko a new one each time removed. Common crease 
practically any siie of gasket may be is used by many to hold gasket in place until part is placed in po 

sition and drawn up. 



It is difficult to cut holes in gasket* 
and not have ragged edges. When there 
are a great many holes of a given size to 
be made, it is advisable to construct a die 
wmiiitin g of two plates of metal doweled’ 
together and with a hole or series of 
holes through which the dies may be 
pushed. The gasket material is slipped 
between the plates, and then the die is 
forced through with a hammer 
Another method ia to file a chis¬ 
eled edge on abort sections of 
different size iron pipes which 
con be used as punoh cutters. 



When cutting gaskets from metal and 
asbestos packing, felt and other mate¬ 
rials it is sometimes difficult to cut bolt 
holes, especially those close to an edge, 
without damaging the material. A way 
out of the difficulty is to use two round- 
headed hammers, placing the round head 
of one over the hole and striking it with 
the other. 


Packing for Water Pomps 
and Lubricators. 

Pocking for water pumps and la- 
hricotors: For all packing joints 
nothing hos been found better than 
asbestos string plentifully smeared 
with a mixture of heavy oil and 
graphite. Oandle wicking ran also 
be used if asbestos string ia not 
handy. 

BaU bearings for cutting small 
holes: Ball bearings of various 

sizes are useful in cutting small 
holes, such as for studs, in gas¬ 
kets. After the gasket is cut to 
shape by hammering around the 
edge of the gasket flange, a ball 
bearing ia put over the hole and 
hammered until the hole ia cut ia 
the gasket. This method produces 
sharply defined edges. In cutting 
paper gaaketa it ia advisable to 
grease the paper first so that it 
will stick to the surface. 


I 


i 


I 

l 
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• FIG. 2 

Showing the different places where the ronnd and flange type of 

gasket are used. 

Gaskets—Different Kinds. 

Gaskets are used on the engine and gear-box and other parts of 
the car. The purpose being to make tight joints. Thin gaskets 
are preferable to thick ones and should always be used on all joints 
that eome together square. Metal to metal joints are best, but it is 
next to impossible to make both flanges meet absolutely square. 
It is for this reason that some sort of flexible material is interposed 
to make up for the inequalities in material and workmanship. 

On the engine, gaskets are used in such places as the gear case 
rover in front of engine, water plate on cylinders, on the intake 
and exhaust manifold, spark plugs, etc. 

On the gear case, a gasket is usually placed between the cover and 
sear box to prevent the oil from working out. 

The housing cover on differential is sometimes fitted with a gasket, 
but more generally it is simply given a coat of shellac. 

There are several kinds of gaskets; the paper, asbestos, asbestos 
wire lined, copper and in the absence of copper-asbestos lined gaskets 
—lead can be used. 

The copper or brass gasket for such places as the intake and ex¬ 
haust manifold are usually made of copper or brass with asbestos 
• aterlined. They are made either round or flange shape. Copper 
'aakets are also used between the water plates or pipes on cylinder. 
These gaskets can be bought ready made. 

Flange shaped copper or brass gaskets are also used between the 
-arburetor and intake pipe. (Lead or leather can be used, also 
mobolene.) 

Asbestos gaskets are made of closely woven, long fibre asbestos 
yarn and brass wire closely woven and impregnated with a heat and 
water resisting compound. The red compound on one side sticks to 
flange when joint is broken. The graphite on the other side allows 
joint to be easily taken apart. Sold In rolls or in gaskets cut to order. 
This is used in many places, such as the water plate, but it is usu¬ 
ally used where there is a great deal of heat. If sheet asbestos 
(not wire woven) is used, it ought to be soaked in linseed oil. 

Paper gaskets can be used in many places. For instance the plate 
cover for gear box and between cylinders and crank case. In psing 
paper select a heavy wrapping paper and shellac it well on each 
side when applying. 

Paper of light cardboard weight can also be used for the water plate 
on cylinders out must have shellac on each side. 



Board measures 17x26 ins., has 26 
hooks and holds 650 gaskets of the 
following; sixes: 

Bound Closed Type Caskets. 

Fig. 6. 

25—1 -inch I. D 
25—1 % -inch I.D 
25—1K -inch I. D 
25—1 % -inch I. D 
25—1%-inch I.D 
25—1 % -inch I.D 
25—1 % -inch I. D 
25—1%-lnch I.D 
25—2 -inch I D 
25—3%-inch I.D 
25—2U-inch I.D 


2 


25—2%-inch I.D 
25—2%-Inch I. D 
-2%-inch I. D 
25—2%-inch I.D 
25—2%-inch I.D 
25—8 -inch I. D 

25— 8%-inch I.D 

26- A.L.A.M. Sise 
25—Metric Sise 


Exhaust Type Caskets. 

Fig. 6. 

25—1%-inch O.H 25—1% -inch C.H 
25—H4-inch O.H 25—2 -inch O.H 
25— 1%-inch C.H 25—2 K-inch CM 

Note—I. D. means inside diameter 
and 0. H. refers to the type, (oopper- 
covered diamond shape.) 

All the above is supplied on the ene 
board. The board is given free with 
the order for the above lot. 

Every repair shop ought to have a 
well assorted lot of copper er brass 
gaskets interlined with asbestos. A 
choice selection in sizes given all 
placed on a board to hang up in the 
stock room. 

In addition to the type shown in 
illustration, other types of gaskets are 
supplied, such as cylinder head gas¬ 
kets, etc. 

Gaskets are also supplied in full sets 
for the Ford, Overland, Buick and 
other cars. Also for motorcycles. 


Tightening Nuts on Cylinder Heads. 


Detachable cylinder heads now are quite gener¬ 
ally used, and it is very important in connection 
with them that they be 
kept tight against leak¬ 
age at the joint with the 
main cylinder casting. A 
striking loss of power 
in a certain engine was 
puszling until a thorough 
Inspection revealed that some of the head bolts were 
loose, allowing some of the compression pressure 
to escape. 

There are also many instances of careless tight¬ 
ening of heads and cylinder blocks which have re¬ 
sulted in cracking the casting. This is due to 
drawing down one bolt or series of bolts too tight¬ 
ly before equalising the strain by tightening others 


in another part of casting. The object is to pull 
the casting down uniformly without any tendency 
to bend or distort it. 

Diagram to the left; cylinder head has fifteen 
bolts, and the numbers on the diagram indicate 
the order in which they should be tightened. It 
will be seen that the center bolts are adjusted first, 
then the rest are tightened alternately. 

To Stop Noises About Car. 

When seeking to stop rattling noises about the 
car attend first to the fenders, then to the brakes, 
hood fasteners, lamps and finally to doom and 
springs. As a rule the fenders, doors and springs 
are the most troublesome source of noises oa the 
average present-day machine. 


, 3 * — 5 ®” 


o* 




3HABT NO. 202—Gaskets. Tightening Cylinder Head Nuts.—see pages 239 and 607 for Spai 
Plug Gaskets. 
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ttOxy-Acetylene Welding. 


Blow-pipe welding is a very ancient art 
and was first practiced by the Egyptians. 
The early process consisted of heating metals 
of a low melting point by means of a torch, 
using a crude fuel gas and drawing the nec¬ 
essary oxygen from the air. 

The modern process of blow-pipe welding 
is somewhat similar, but it is applied suc¬ 
cessfully to the welding of * ** high melting 
point metals, as well. This was not pos¬ 
sible until oxygen was obtainable on a com¬ 
mercial scale and a fuel gas giving the 
necessary high flame temperature could be 
provided in safe, convenient and purified 
form. 

Before this process of welding was In¬ 
vented, when a crank case or an exhaust 
manifold, gear case, cylinder or other metal 
part was cracked or broken, it was neces¬ 
sary to get a new part, fully machined, 
from the factory. This was quite an expen¬ 
sive proposition. With the oxy-acetylene 
outfit it is possible to repair these at a very 
slight cost and save those parts which 
would otherwise be worthless. Steel, iron, 
aluminum, brass, copper, platinum and other 
metals can be perfectly united. 

There are two types of oxy-acetylene 
outfits: the stationary type and the portable 
type. The parts of the stationary outfit 
consists of a generator which generates the 
acetylene gas frem carbide, a tank of oxy¬ 
gen and a torch of special design and a 
special iron table with brick top. 



Jig. 1—The stationary oxy-acetylene 
outfit. Note the iron table with 
brick top. 



Fig. 2—The portable oxy-acetylene 
outfit. 


The portable outfit consists of the same 
parts but instead of there being a gas gen¬ 
erator, the acetylene gas is compressed into 
tanks by concerns who make a specialty 
cf this work in all large cities. This type 
is the one mostly in use in small shops. The 
portable outfit can be put into a car and 
carried right to a garage for the work to 
be dene and quite often save dismantling 
ihe engine or broken part. 


Method of welding. To those who are 
not familiar as to just how welding opera¬ 
tions are performed with this process, it 
may be said that welds are made by di¬ 
recting the oxy-acetylene flame on the 
pieces to be welded at the place where 
they are to be joined, until the metal is 
molten, and then adding additional metal 
of the same character, which is provided is 
the form of wire or sticks of suitable di¬ 
mensions for the purpose. 

An outfit for welding is shown in chart 
293. 

The oxygen is furnished to customer! 
in portable steel cylinders into which 
the oxygen is compressed to 1,800 lbs. to 
the square inch. To estimate the proems 
readings a gauge is supplied. Take for in¬ 
stance an oxygen cylinder that holds 100 
cu. ft. at 120 atmospheres, or 1,800 lbs. 
pressure approximately, each atmosphere 
represents % cu. ft. With a 260 cu. ft. oxy¬ 
gen cylinder, each atmosphere, or 15 lbs. 
pressure, represents 2.08 cu. ft. of oxygen. 

Acetylene is supplied to users in specially 
constructed steel cylinders of various ca¬ 
pacities. The maximum charging pressure 
is 260 lbs'. to the square inch at 70* Fahr, 
The cylinder contains about ten times its 
own volume of acetylene for each atmos¬ 
phere of pressure that is on the gas. The 
porous substance, such as pumice stone or 
charcoal which is in the tank, is saturated 
with a liquid solvent which has the pecu¬ 
liar property of absorbing, or dissolving 
many times its own volume of acetylene at 
atmospheric pressure. When pressure is ap¬ 
plied, the solvent continues to dissolve 
acetylene. 

Cylinders are, as a rule, charged to 16 
atmospheres pressure at 60° Fahr., sq they 
contain 160 times their own volume when 
charged. Thus a cylinder that would hold 
2 cu. ft. of water when empty will hold 
300 cu. ft. of acetylene at 225 lbs. pressure. 
60° Fahr. 

* # Prest-o-lite acetylene cylinders for 
welding are furnished in large size cylin¬ 
ders, style “WC,” having approximately 
100 cu. ft. capacity, and style “WK” 
approximately 300 cu. ft. capacity. They 
are made as small as 30 or 40 cu. ft. ca¬ 
pacity. 

No cylinder should be exhausted at a rate 
greater than ^th of its total capacity per 
hour. Where the needed amount of acety¬ 
lene per hour exceeds tyth of the capacity 
of one cylinder, connect two, three or even 
more cylinders so the total capacity is at 
least seven times their hourly discharge. 

It should be borne in mind that the con¬ 
tents are not accurately determined by 
pressure or gauge readings, which are af¬ 
fected by variations in temperature. The 
only accurate method is by weight, one 
pound of gas equaling 14 % cu. ft. Gauge 
pressures, however, are of great conveni- 


*See page 639. giving melting points. ttAlso called autogenous welding. 

**An Instruction book In oxy-acetylene welding of 45 pages is published by the Prest-O-Lite Oo.. 
Indianapolis. Ind. It retails st a low price. 
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ence in estimating roughly how much gas 
remains in the cylinder. In the case of a 
100 cu. ft. cylinder each 16 lbs. of pressure 
represents 6% cu. ft. of gas (approximate¬ 
ly) and in a 300 en. ft. cylinder each 15 
tbs. of pressure represents 20 cu ft. (ap¬ 
proximately)—according to temperature. 

Application of blow pipe welding—gener¬ 
ally known as * 1 autogenous ’ * welding, al¬ 
though the same term could apply to elec.- 
trie welding. Autogenous welding must not 
be confused with brazing or soldering. 
Brazing or soldering, is where a joint 
is made in which a different metal, hav¬ 
ing certain adhesive qualities, is used as 
a binder—it adheres but does not * * fuse . 99 
0xy-acetylene welding is where pieces of 
metal are united, or new metal added, as in 
the case of building up worn parts—weld¬ 
ing iron, steel, cast iron, malleable cast iron, 
aluminum, brass, copper, etc. 


Qualifications of an Operator. 

A few weeks practice will develop skill 
necessary to handle ordinary work likely 
met with in the average shop. Very thin 
plate work and neat work, will of course 
require skill and practice. 

Welding together of plates over % inch 
thiek should not be attempted on particular 
work, until operator has demonstrated, by 
first welding some sample pieces. 

•The operator must have a fair knowledge 
of the nature and properties of the metals 
being welded, the effects of expansion and 
contraction, the reason for the rise of fluxes 
and filling rods, (see page 721), the proper 
kind of filling material, how to apply heat 
without burning the metal, etc. 

With this knowledge and practice* the 
business will be very remunerative. 


Parts of Welding Outfit. 


The necessary parts for welding are 
shown in charts 293 and 293-D. We will 
now deal with use of same. 

The welding blow pipe is shown in fig 1, 
chart 293: Various size tips are used for 
different kinds of work. 

The acetylene regulator (fig. 2) is con¬ 
nected to the valve of the acetylene cylin¬ 
der by means of the union nut (M), which 
must be drawn up tightly. 

The oxygen regulator (fig. 3) is connected 
to the valve on the oxygen cylinder by 
means of the union nut (AA). 

The Welding Flame. 

Is obtained gradually, by increasing the 
regulating screws alternately, until correct 
welding flame is obtained. The correct 
oxygen and acetylene working pressures 
vary slightly for the various sizes of blow 
tips which are used for different work, 
adjustments are made at the regulators 
while blow pipe is alight. 

Flame adjustment—it is absolutely neces¬ 
sary at all times that the welding flame be 
neutral, that is, that there be no excess of 
oxygen or acetylene. A correctly adjusted 
(neutral) flame is shown at B of fig. 4. 
It will be noted that the inner cone is 
clear, and well defined. (A) of fig. 4 shows a 
flame having an excess of acetylene. The 


inner cone is ragged in appearance. To 
make such a flame 11 neutral, 1 ’ the acety-' 
lene should be cut down by reducing the 
pressure either at the regulator or at the 
blow-pipe, or by increasing the oxygen sup¬ 
ply. C of fig. 4 shows an excess of oxygen. 
The inner cone has a very pale violet color 
and is shorter than the cone in the neutral 
flame at B. Proper adjustment, in this case, 
is accomplished by reducing the oxygen pres¬ 
sure or increasing the acetylene pressure at 
the regulators or at the blowpipe. 

The temperature of the oxy-acetylen* 
flame is 6,300* Fahr. 

The regulation of the welding flame 
really means the regulation of the white in¬ 
ner cone. This cone should always be as 
large as possible, provided its outline is 
sharp and distinct. A long, clear inner 
cone should always be sought. The gases 
should be readjusted several times, if nec¬ 
essary, until the desired result is obtained. 

When the blow-pipe is first lighted, it is 
cold. Radiated heat from the molten metal 
will gradually warm it. This is apt to af¬ 
fect the welding flame slightly. It usually 
will be found necessary to make readjust¬ 
ment of the gas pressures by means of the 
oxygen and acetylene needle valve on the 
blow-pipe after the blow-pipe has been at 
work for a few minutes. 



Method and Material for Welding. 


•Preheating and re-heating is sometimes 
neeessary—in order to bring the metal 
to a uniform heat to insure uniform con¬ 
traction while cooling. Figs. 17 and 19, 
show devices for this purpose (chart 293). 
(Bee also fig. 6, page 726.) 

Filling rods are used to fill in gaps or 
eraeks. Bods or wires are used ef various 
lengths. 


Fluxes—some metals do not flow together 
rapidly when heated (due to oxidation), 
therefore a suitable flux, in the form of 
powder is used. It is sprinkled in the weld 
by dipping the heated filling rod, from time 
to time into the flux. 

The size of blow pipe tip is decided upon 
before welding. For instance, east iron re¬ 
quires a larger flame than steel. 


♦Can be learned from this instruction and the booklet Supplied by Prest-O-Lite Oo. 
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The Standard Prest-O-Lite Type H Welding Outfit. 

1—cylinder of Prest-O-Lite dissolved Acetylene. 

1—cylinder of compressed Oxygen. 

1—welding blow-pipe with seven interchangeable weld¬ 
ing tips. Nos. 1, 2, 3, 4, 5, 6 and 7. (Fig. 1.) 

1—antomatic constant pressure acetylene regulator, 
fitted with inlet and outlet pressure gauges. (Fig. 2.) 

1— antomatic constant pressure oxygen regulator fitted 
with inlet and outlet pressure gauges. (Fig. 8.) 

2— suitable lengths of rubber hose. 

1—set of four hose clamps. 

1—box end wrench for needle on Prest-O-Lite dis¬ 
solved acetylene cylinder valve (T socket). 

1—wrench for attaching oxygen regulator. 

1—stuffing nut wrench for Prest-O-Lite dissolved acety¬ 
lene cylinder and for attaching acetylene reguKtor. 

1—box end wrench for welding blow-pipe. 

1—box wrench for welding tips. 

1—pair special colored lens goggles. 



Fig. 4. The oxyaectylcnc jUu. A shmm 
a Holding flame ml* am il'<» *r 
Lrmr. t Bf thorns a r»”fr( natural add- 

lug flame. tC) thorn a mddm.y torn* 

in th an excess of or eg- a- 


n 


iiHi 


FIs. a E xaw.pl* of kill 
joint before wridtng em¬ 
ployed on thin shoot wW 
up to I/i inch n Chmh- 
meet trhere 
umueeeeamry. 


FIs. «• Example of M 


2 N Sp 4 N 

PREST-O-LITE WELDING BLOWPIPE 


lS. 1. Preat-0~L.it* equal pnssure adding blow-pipe. (A) Clamp for holding acetylene hoot on 
•tppU. <B) Clamp for holding oxygen koto on nipple. (C) Union nut on oxygen hooe 
nipple. ID) Union mhJ on acetylene. hote nipple. (Bf Needle voire lor controlling aeetplene 
tapplp. (FI Nttdle mifrx for controlling oxygen topple. (G) Singing nut on oxygen needle 
ralrc. (If Union nut for diaengaging or changing angle of bare,l of blow-pipe. <Jf Inter¬ 
changeable welding tip. tiie Tfl—lH. til. SH. iH. IH and ell are extra interchangeable 
'■riding tipa. 



than i/p inch or // 
in thicknenm and oner tft 
inch in thick mean 



FIs. II. Method of koldtn, 
flanged thin eheeta ih po 
•Bum for welding. 


Fig. 11. 
Clamp with 
locking ring. 



ACETYLENE REGULATOR ASSEMBLY 

FIs* S. P’crt-O-l.itr automatic constant 
preaeure acetylene regulator. (Ml Union 
•IIU securing regulator on acetylene cyl¬ 
inder' paler. (Nl Acetylene regulator 
outlet needle valve. (Of Acetylene prea- 
•are regulator ecrew. <P) Low or uork- 
ing preaeure gauge. (Q) High or cylin. 
dor preaeure gauge, (ft) Acetylene re¬ 
ducing valve. (SI Abetylcne hope nipple. 
<VJ Wrench on acetylene cylinder valve. 
(W) Acetylene cylinder valve. (Zl Gland 
nut on acetylene cylinder valve. 


witimwm 

OXYGEN WELDING REGULATOR ASSEMBLY 


FIs. X Preet-O-Lite automatic constant 
preaeure oxygen regulator. (AA) Union 
nut securing regulator on oxygen cyl¬ 
inder voice. (BB) Nipple for hoee to 
blow-pipe. (DD) Oxygen regulator out¬ 
let valve. (BE) Oxygen preaeure regu¬ 
lating screw. (FF> Main valve on oxy¬ 
gen cylinder. (GG) High or cylinder 
pressure gauge. (HH) Low or working 
pressure gauge. (JJ) Oxygen reducing 
calve. (KK) Union nut on oxygen hots 
nipple. 


FIs- a Shown 

of a weld made « 
sheets. flanged 
welding. 




to angle i 

- .1 patch is shewn “taeksyr in posi¬ 
tion ready for weiiigg. 


• WCLO HOC 

Fig. 17. Conetruction of mir-sBamhsatiug gas 
heating toreh. Over all length, approximate 
feet. 

In all welding operations, the parts to be welded 
should be set in proper alignment before the flame la 
applied. -The work is sometimes found to be^ out of 
alignment and the part rendered useless otherwise. 

It Is always advisable to have on hand a good sup¬ 
ply of different size clamps, “V” blocks and mandrels. 

These are always useful in setting up various ji^bs. see 
figs. 13, 14, 15 and 16. 

Expansion and contraction—In every case of welding, 
internal strains are inevitably set up due to expansion 
when heating and contraction when cooling. When 
parts being welded form part of a structure and are 
not free to move during the welding process, the strains 
produced may cause the metal to crack. This is 
especially true of cast iron. 

If cooling after welding is too rapid or is irregular, 
a crack is liable to occur. Therefore it is advisable to 
heat parts before welding (termed pre-heating) and 
then to heat after welding (termed re-heating.) 

HAST NO. 203 — Oxy-Acotylene Welding. (from Prest-O-Lite Instruction Book.) 
m also page 696 and 472 for illuminating gas torches. 




Fig. It Under aide 
taee i 

mandrels damped 
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Welding a Cylinder—Importance of Preheating. 


Fig. 5, page 726 shows a small furnace 
for automobile cylinders. After a layer of 
firebrick has been placed on the table, the 
cylinder is supported on several bricks, and 
the walls of the furnace built up around it. 
Half bricks are used for the second layer 
from the bottom, so that openings are left 
for the air supply. 

The fuel used should be the best grade 


uf hardwood charcoal obtainable. This 
burns freely, without smoke or odor, re- 
uires no forced draft, and does not injure 
nished surfaces. It is only necessary to 
pack it around the piece to be heated, to 
light it, and let it burn at will. When in 
use the top of the furnace should be cot* 
ered with a sheet metal plate. Vent holes 
should be closed when cooling, (cool slowly.) 


Iron and 

Under this heading are included commer¬ 
cial wrought iron and mild or “low car¬ 
bon ” steel. 

Practically all of the so-called “wrought' * 
iron on the market today is in reality a 
mild steoL For this reason wrought iron 
and mild steel metals are discussed as one. 

“Low carbon” or mild steel is quite 
ductile and malleable, but has a lower ten¬ 
sile strength and lower elastic limit than 
the “high carbon” or hard steels. No 
close distinction can be made between high 
end low carbon steels, but in general any¬ 
thing below 25 point carbon (0.25 per cent) 
may be designated as mild steel, while those 
containing more than this amount are either 
half hard or hard. 

Most of the steels that the operator will 
be called upon to weld are mild. There are 
various special or alloy steels such as van¬ 
adium, nickel, chrome, manganese, etc., 
which will be taken up separately. 

Preparation of parts—Mild steel parts are 
prepared in the manner described in the gen¬ 
eral instructions. Several methods of pre¬ 
paring various parts to be welded are shown 
in the accompanying illustrations, see 
chart 293A, figs. 24 to 41 inclusive. 

High carbon or hard steel—weld as per 
instructions on mild steel or wrought iron, 
and use a larger blow-pipe tip. For filling 
use drill rod—a hard steel—this can be 
tempered, ordinary mild steel cannot. Use 
cast iron flux. Execute weld rapidly. A 
slight excess of acetylene may be advan¬ 
tageous. 

Cast steel—weld similar to instruction on 
cast iron. Cast bars of same material or 
vanadium steel or Norway iron will answer 
for fillers. 

Special steels—such as manganese steel 
(low carbon). As filler use same material 
or Norway iron. 

Nickel steel.(low carbon) same as mild 
steel, but use nickel steel filling rod. 

Vanadium steel (low carbon) probably 
used most of the various steel alloys. Weld 
as mild steel—use vanadium steel filler. 

Chrome steel—weld as mild steel—use 
chrome steel filler. Many chrome steels are 
in the high carbon class and general re¬ 
marks on “special steels” apply. 

Cast Iron. 

Is more difficult to weld. Carbon exists 


Steels. 

in cast iron in different states. In what is 
called white iron, which is very hard, the 
carbon is combined with or dissolved in the 
iron. In the grey iron, which is soft and 
easy to work, most of the carbon is in a 
free state in the form of graphite. Since 
it is generally necessary to machine or file 
a weld in cast iron, it is indispensable that 
the line of the weld be constituted of soft 
grey iron. Thus in welding cast iron, al¬ 
ways remember that too rapid cooling brings 
about a combination of the carbon and iron, 
forming hard, brittle white iron; while slow 
cooling or reheating after the weld is com¬ 
pleted keeps the carbon in a free state, re¬ 
sulting in a softer, more workable material. 

Preparation of parts—castings, before 
welding, should be very carefully freed from 
grease and rust. Cracks in metal over 
inch thick must always be beveled before 
welding. When beveling cast iron it is 
not necessary that the groove penetrate 
through the entire; thickness of the metal. 

It will be found best to leave about % inch 
of the thickness unbeveled as shown in fig. 
38, chart 293A. When the metal is over 
1 inch in thickness, and it is possible to » 
weld from both sides, it will be well to 
bevel as shown in fig. 39. A diamond point 
or cape chisel may be used for beveling cast 
iron. Remember that careful lining up and' 
clamping is very necessary when broken 
flanges or lugs are to be welded. 

A larger blow-pipe tip is used. To over¬ 
come expansion and contraction—pre-heat. 
While welding is in progress and after its 
completion it is advisable to apply a blow 
torch or light a fire under some part of cast¬ 
ing away from the weld. 

FiUlng material—use cast iron filling rod 
containing a percentage of silicon. The 
percentage must not be too great or weld 
will be soft. Flux—cast iron flux is neces¬ 
sary. 

Malleable cast iron is probably more dif¬ 
ficult to weld and treat than any other 
metal. Castings to be made malleable are 
made of white iron. Use same process as 
cast iron with white iron filler. 

Oast Aluminum. 

Has a low melting point (1,200* Fahr., 
see page 539 for other melting points). A 
large welding flalne is used. Aluminum is 
not generally used in pure form. Alloys of 
aluminum and copper or zinc are generally 
used. Alloys of aluminum and copper are 



22 


DYKE’S INSTRUCTION NUMBER FORTY-SIX-C. 



tmmm 

D 

rt0. **■ Two earrset 

meats to give to welding 
fiamc. (A) 

movement beet «•£«**• 
ordiaarg work. <B) ttg- 
M( IMKHrt* w fc <« k 
some operator* peeler. 



n. aa. »W #f 

. TUI** Tfc* * 

,/fff «l Ike wrong angle \nth 


f' 

Pig. *4. Looatien of joemt 
token welding eonve* end 
to Meet ntinder. 

IS 

rig. X. BtamgUaf^weUL 

'Z&d^Nei^Bibkood 



Tig. SS. Pipee bevelled be¬ 
fore butt welding. 


Yte. XT. rr* eOtked of 
r^rZoetn, fbeveUed 

* toskieri lor weld¬ 

ing. 


meg. X8. Ineorreet methfd 
el preparing toft I point¬ 
ed) for welding. 



V 

Ftp. XX. Properntion el 
angle iron and take 
ef game tkiekneee be¬ 
fore welding. 

1 


rift. n. Dotted line 
tkewo how filling ma¬ 
terial meet be MU 
up when welding an¬ 
gle to thinner teetl e n 


n 

Flft. S4. Preparation of 
fiat end to be welded 
into tube. 


IB. a*. Metal it 

digkdg built up 
over bevdUd joint. 


Fig. 24 shows a section of one aide of s steel cylinder and a 
convex head which Is to he welded on. The weld should be 
made In the straight portion of the cylinder aa shown, and net 
directly at the bend. 

Fig- 25 shows the method of accomplishing the same raauft 
in the ease of a concave end. If the parts are beveled as 
shown, the joint will be a strong one. 

Fig. 26 shows correct method of welding pipe. The pipe, 
where possible, should be rolled away from the operator in 
such a way that the portion being welded will be on tap. 
“Tacking” at several pointa is necessary before the aetaal 
welding is started. However, if rolling is impossible, the pipe 
may remain stationary and the operator can weld entirely 
around it without difficulty after some practice, although this 
method is bound to bo somewhat slower. 

Fig. 27 shows the proper method of preparing a shaft for 
welding. Note that this is beveled to a chisel edge and not 
pointed. 

Fig. 28. If the shaft Is pointed, the molten metal will fall 
upon the cold part of the shaft and adhesion will result 
which means that the new metal is merely “plastered” eu at 
certain points and is not “fused.” 

Fig. 29—When bntt welding two lengths of plate, or when 
welding the longitudinal seam of a cylinder, it is advisable to 
“tack” along the line of weld before commencing on the 
finished weld. This will prevent the over-lapping ef the 
sheets at the end farthest away from the point of welding. 
When starting to weld two lengths of sheet at one end, which 
have previously been plaoed in proper alignment. It will be 
found that they tend to spread apart as shown in illustration. 
As the welding progresses, this spreading movement of tbs 
sheets ceases and later they come together again with a 
tendency to overlap. 

Fig. SO—“Tacking 11 holds the sheets in true alignment 
and prevents this overlapping. 

Fig. 31—Another method of preventing over lapping of tbs 
plates, in the case of cylinders, is to insert a wedge a short 
distance ahead of the weld, moving the wedge as the weld 
progresses. 

In sr.me esses when welding a longitudinal seam, it will be 
found advantageous to start to weld in the middle of the seam 
and work first toward one end and then toward the other. 
..Pig- 32—When welding angle Iron rings to cylinders when 
the thicknesses are the same, both edges should be set up as 
shown. 

Fig. S3—When the angle to be 
welded to the plate Is thicker than ' " 

the plate, apply the flame more on «*• sr. patch ptote mw mod 
the angle than on the plate. This •<**• bevaued before w+tmg. 
will tend to bring the parts to the 

fusion point at the same time. _ _ 

Metal must be added as shown by 
the dotted line. 

Fig. 34—When welding a fiat ^ 

and Into a tube, preoare the end as tJZ ^SrTmSLiTt 

shown, making a driving fit. * mMt * 

Fig. 35—-To weld a branch Into 
a pipe, prepare the work as shown, 
adding metal as indicated by the 
dotted lines. ns. su b weeding 
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Fig. 36—The welding of fiat 
flanges to tubes is an operation 
that requires care, as the flange is 
usually considerably thicker than 
the tube and has to stand a good 
deal of strain. The flange and 
tube are best prepared as shown. 
The welding flame should play 
more on the flange than on the 
tube. 

Fig. 37—When repairing cracks 
In plates, always see that the crack 
is bevelled through its entire thick¬ 
ness. The plate being welded 
should be free to move. It is 
impossible to provide for this, in¬ 
stead of attempting to repair the 
crack, use a patch. A patoh piece 
should always be slightly bellied 
and have edges bevelled aa indi¬ 
cated in illustration. 

Selection of blow-pipe tip—The 
sise of tip to use for welding iron 
and steel depends upon the thick¬ 
ness of the metal. Do not forget 
that the flame should be neutral 
at all times. 
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easier to weld—loss tendency to crack. 
Parts over % inch thick must be beveled 
as in case of cast iron. 

In order to prevent collapse during the 
welding and preheating operations, it is 
good practice to place a sheet of paper on 
the inside of the casting next to the- crack 
to be welded. Back this paper with damp 
fire clay and pack up with asbestos fibre un¬ 
til a firm support is obtained. The paper 
prevents the fire clay from getting into the 
weld. With this light backing, or mould, 
th? castings can be welded easily. The 
mould should be large enough to cover suffi¬ 
cient area around the crack so that the 
heated aluminum in the vicinity of the weld 
will not break down. Whenever a weld is 
to be made close to a bearing, it is neces¬ 
sary to remove the babbit, (which would 
melt) and then clamp mandrels (fig. 16, 
chart 293) in the bearings to keep them 
in alignment. 

Preheating should not be done except in 
cases where there is a projecting lug or 
flange. Preheating must be done carefully 
and slowly. A blow torch is generally 
used, but must not be left on one part too 
iong. When pre-heating, test with a stick 
of half and half solder—if it melts on touch¬ 
ing casting it shows sufficient heating. 

Filling—Alloy rods or pure aluminum rods 
can be employed—same thickness as metal 
to be welded. 

Flux—opinions differ. Use aluminum flux 
if any. 

Copper, Bronze and Lead. 

Copper radiates heat very rapidly and is 
also a good conductor of heat. Pre-heat- 

Sundry 

Tool hardening—The welding flame will 
be found useful as a source of heat for the 
beat treatment of small tools. 

Gear tooth hardening—Gear teeth may be 
hardened by playing the welding flame along 
the face of a tooth and then allowing the 
heat to be conducted away by the body of 
the gear. The intense heat of the flame 
permits of a single tooth being heated very 
rapidly, before much heat is conducted to 
the rest of the gear. As soon as the flame 
is removed the heat in the treated tooth is 


ing and continued heating is therefore nec¬ 
essary. Prepared similar to steel and iron. 
Cover as much as possible with asbestos. 
Should be left free to allow for contraction 
when cooling. Filling; phosphor copper, 
Flux must be used, same as welding brass. 

Brass—Pre-heating not necessary. Use 
special flux for brass and bronze. Filler; 
brass spelter. Tobin bronze with brass 
flux may be used where great strength is 
desired. Weld should be made rapidly, but 
white cone of flame must not touch metal. 

Lead—can readily be welded but is known 
as “lead burning. 1 ’ (see page 471). 

Welding Thin Castings. 

The inexperienced operator will find it a 
big help to build a form of fire clay as a 
support for the broken sections while re¬ 
pairing thin castings. This holds the parts 
true and also assists in the control of the 
molten metal. 

Whenever it is necessary to weld in a 
patch, a new piece of the same metal should 
be cut to the proper size and shape, the 
edges of ooth parts bevelled, and the patch 
held in place temporarily by “tacking,” 
that is, welding at several spots some dis¬ 
tance apart along the line to be welded. Te 
hold a large patch in position while being 
“tacked,” it may sometimes be necessary 
to drill a small hole in the center of the 
patch into which a length of rod can be in¬ 
serted, and by which the patch may be 
handled. This hole may afterwards be 
plugged and welded up. Small patches, to 
be placed in difficult positions, may be con¬ 
veniently handle i by simply welding a fill¬ 
ing rod to the center of the patch. This 
may later be incited off. 

Uses. 

conducted away to the body of the gear 
This causes hardening of the tooth. This 
operation is repeated until the desired 
depth of hardening is reached. 

Teeth may be hardened by this method te 
a depth of about inch. The rapidity 
with which the treated tooth may be chilled 
will be increased if the gear is partly im¬ 
mersed in water while the treatment is per 
formed. 

Burning battery terminals or connections 
—see page 471. 


^Approximate Prices to Charge for Welding Broken Parts by the 
Oxy-Acetylene Process. 


Cylinders, Water Jackets Fractures. 

Double.9 8.00 to $15.00 

Single. 4.00 to 8.00 

Block of four or six. 10.00 to 15.00 

Lug or ears each.98.50 two or more 8.00 

Aluminum Crank Case and Lower Oases. 

It is very difficult to determine an exact price 
on this line of work without a thorough examina¬ 
tion of the fractures, but as a general rule the 
average cost of welding is as follows: 

Top cases .98.00 to 925.00 

Lower cases . f .8.00 to 12.00 

Manifolds Aluminum. 

1 lug or ear... .91.80 Two or more 91-00 each. 
Cast Iron. 

I lug or ear... .91-25 Two or more 90.75 each. 


1 throw crank 

2 throw crank 
4 throw crank 
8 throw crank 


Two inches 
Three inches 
Four inches 
Five inches 
Six inches 
Eight inches 


Crank Shafts. 


Body Frames. 


9 8.00 to 9 8.00 
8.00 to 10.00 
10.00 to 14.00 
12.00 to 18.00 


9 7.00 
8.00 
10.00 
12.00 
16.00 
17.00 


Bear Axle Housings. 

Prices vary according to sise and fractures, but 
they average from 98.00 to 918.00. 

Lamp brackets .90.50 te 91-50 

Levers.75 to 2.00 


*Not standard, merely a suggestion. 
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Oxy-Acetylene Cutting. 


The cutting blow-pipe is commonly used for cut¬ 
ting through various thicknesses of wrought iron 
and steel up to 14 inches. (Wrought iron and steel 
are the only metals that can be cut by this process.) 
As an adjunct to a welding equipment, it is used 
for bevelling and for cutting out patches and holes. 

Tbe process is based on tbs fact that a Jet of ery- 
gm directed upon a previously heated spot of Iron 
or steel, causes it to ignite, with the result that the 
metal, acting as its own fuel, burns away rapidly 
In the form of iron oxide. A special blow-pipe is 
provided for this work. (Fig. 45.) 

Tbe oxygen cutting blow-pipe eannot be used for 
welding any more than can the welding blow-pipe 
be used for outting. 

The same source of gas supplv is used as for 
welding. The same acetylene regulator is used, but, 
• if work over 8 inches thick is to be cut, a special 
oxygen regulator must be employed. This is 
exactly the same in appearance as the oxygen 
regulator for welding but it is fitted with a stron¬ 
ger spring and a higher reading outlet or “working" 
pressure gauge. 

The special oxygen regulator as used for cut¬ 
ting thick work should not be used for welding, as 
the regulation is not delicate enough te maintain 
a strictly neutral flame, especially when the smal¬ 
ler tips are in use. The oxygen regulator for weld¬ 
ing, however, can be used for cutting on work up 
te m inch in thickness. 

The oxygen cutting regulator is connected te the 
exygen bottle in the same manner as the welding 
regulator. The cutting blow-pipe is connected to 
the gas supply through the regulators in exactly 
the same way as the welding blow-pipe. 


cified on the instructions issued with the cutting 
blow-pipe by its manufacturer. The acetylene 
valve in the blow-pipe is then slightly opened and 
the blow-pipe lighted, the oxygen for the beating 
flame is then turned in at valve D of flg. 45. This 
permits oxygen to mix with the acetylene at J. 
The flow of the mixture of the gases is indicated by 
arrows. Valves D and I are adjusted until a 
neutral heating flame is produced. The catting 
oxygen is then turned on at E. 

The line of flow of the cutting oxygen is shown 
by arrows. The nipple or inner tip through which 
it discharges is interchangeable and manufacturers 
indicate in their instructions the number or else 
of tip to be used on different thicknesses of metaL 

Watch the working pressure gauge on the oxygen 
regulator and see if it reads the right pressure for 
the metal to be cut as originally set. if not adjust 
regulator and when this is done readjust the heat¬ 
ing flame if necessary. Do this as quickly as pos¬ 
sible to avoid waste of oxygen. Now shut off the 
cutting oxygen at E and the blow-pipe is ready 
for work. 

When the metal to be cut is sufficiently beefed 
at the point where the cutting is to start, the cat¬ 
ting oxygen la turned on. When the cutting opera¬ 
tion is once under way, the heating and cutting 
proceed together.' The cutting operation is very 
simple and can be mastered in a few hours. 

Outting may be made to follow any desired Hue. 
When special forms and shapes have to be cut, it 
is advisable to make a special mechanical contri¬ 
vance with whioh to steady and guide the blow¬ 
pipe and thus insure a clean cut. Hold the blow¬ 
pipe tip about % inch away from the surface of 
the metal to be cut. 


There are two kinds of oxy-acetylene cutting blow¬ 
pipes, known as the central and following jet types. 
The central jet type has a number of oxy-acetylene 
heating flames surrounding a central hole through 
which oxygen only passes. The following jet type 
consists of one oxy-acetylene heating jet and one 
exygen jet. The holes for these jets are usually 
drilled in the same tip, but sometimes have separ¬ 
ate tips which are set close together. 

Fig. 45 illustrates the principles of construction 
and operation of sn oxy-acetylene cutting blow¬ 
pipe of the central jet type. The oxygen and 
acetylene supplies are connected up through the 
regulators and rubber hose to the hose nipples on 
the blow-pipe. 

The outlet valves on both regulators and also all 
valves in the blow-pipe are dosed. The gas Is 
th*n turned on at the cylinders as in welding, and 
the regulators adjusted until the outlet or working 
pressure gauges show the working pressures spe¬ 


A cut should start from the edge of the metal 
whenever possible. When it is desired to cut s 
piece out of the center of a plate, start inside the 

r _._ circumference of the piece te 

I be cut (flg. 46). On thiek 
plates where the cut cannot 
/ i \ be started from the edge, it 

[ A i may be necessary to drill a 

V / hole to get a quick start. 


} \ Certain precautions are neoss- 

c — - J sary before the operator starts 

ns. m. sk*w* pdnt of to work on a piece of metal. A 

L*L* h ?_ 1 _ cn t bucket of water should be near 
juu. at hand for cooling the cutting 

tip when necessary. Both oxy¬ 
gen and acetylene should be shut off at the blow¬ 


pipe to extinguish the flame before dipping the 
tip of the blow-pipe into the water. To expel any 
steam formed inside the tip, turn on the oxyten 
valves at the blow-pipe and allow oxygen to flew 
for a moment before turning on the acetylene sad 
lighting. 


HAM MO. 2M-B—Oxy-Acetylene Cutting. 
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Thess ana many other parta from an auto too 
numerous to mention can be welded successfully. 

▲11 up to date welding and cutting shops hare 
the latest modern equipment installed to take care 
of all classes of work such as pre-heating cylin¬ 
ders, cases, etc. 

The cutting process of this art consists of the 


cutting and wrecking of all kinds of "I beams,'* 
"channel iron," "girders," eutting of boilers," 
"tanks," "cutting and opening of safes," "steel 
pilings." etc. 

Pure oxygen used in the process of removing 
carbon from cylinders is one of the latest and most 
advantageous features to the automobile owner. 


The Cost of Welding. 




Acet] 

jrlene 

! Oxygen 1 

Toul co* 

Approximate ca¬ 
pacity per hour of 
welded seam 

Metel 

Size of lip to 
be uaed 

Consumption 
per hour 

Co* of gm 
per hour 

Consumption 
per hour 

Co* pf gas 
per hour 

of gas 
per hour 

K •» 

No. 3 

No. 5- 

1$ cu. feet 
43 cu. feet 

10.30 

.86 

17 cu. feet 
47 ctf feet 

$034 

1 •** 

$0.64 

1.80 

15 lo 20 Ineel feet 

7 lo 12 lineal feet 


Note:—In welding metals of from to 

K m in thickness, the average approximate ca¬ 
pacity, expressed in terms of lineal feet of welded 
seam, would be from 15 to 20 feet per hour, 
being a cost for gas of from 3 to 4 cents per 
lineal foot. For metals %" to H* in thickness, 
the approximate capacity would be from 7 to 
12 lineal feet per hour, being a cost for gas 
of from 15 to 25 cents per lineal foot. 


Under continuous use with the No. 3 tip a 
cylinder containing 100 cubic feet of acetylene 
will run about 6% hours, while the same quanti¬ 
ty of oxygen, would run about 0 hours. 

With the No. 5 tip, a cylinder containing 100 
cubic feet of acetylene would run about 2K 
hours, while the same quantity of oxygen would 
run about 2 hours. 


The Cost of Cutting. 



Acet) 

rleue 

| Oxygen , 

Tune required per foot 

Total co* of gas per 

of Maul 

f* i’ 

Gmi \i~~ 

OooiiAiptiuii 


per lineal foot 

Kneel foot 

per lineal foot 

lineal foot 

of cutting length 

anting foot 

Va 

V 

.13 cu. feet 
.18 cu. feet 

$0,003 

0.0036 

.50 cu. feet 
.90 cu. feet 

$0.01 
0.018 i 
_1 

l*g minutes 

[ 

1 X to cents 

j 2H lo IX cent. 


Note:—In continuous cutting through metal while the same quantity of oxygen would run 

K m thick, the cost for gas would be about 90.02 about 2V& hours. 

per running foot and the time about one minute. It w m be noted tbat in ffa c process of cutting 
For metal %" thick, the cost of gas per run- the extra quantity of oxygen required is due to 

ning foot would be about $0.08 per foot and the cutting jet of pure oxygen which is used in 

the time about IK minutes. addition to that mixed with the acetylene. 

When cutting K" metal, a cylinder contain Tanks containing 200 cubio feet of gas would 

ing 100 cubic feet of acetylene would run about run twice as long as the 100-foot tanks. 

13 hour., while the «wue quantity of oxygen The aboTe e «tim.te. ere based on acetylene 

would run about 8% hours. and oxygen gas costing $2.00 per 100 cubic feet. 

For %” metal, a tank containing 100 cubic Cost of labor should be added to the total cost 

feet of acetylene would run about 11K hours, of gas. 


Where to Obtain Gas Tanks for Welding. 


•xygen and Acetylene Gas for use with Imperial 
Welding and Cutting Outfits. 

Oxygen for welding and cutting can he ob¬ 
tained from the Linde Air Products Co. of 
Ohicago, and New York, who have twelve plants 
and twenty-five warehouses in various parts of 
the country. They furnish oxygen in tanks con¬ 
taining 100 and 200 cubic feet respectively, with 
free use of tanks. 

Acetylene Gas for Wilding and Cutting: 

There are several manufacturers of acetylene 
gas, as mentioned below: The Prest-O-Lite Com¬ 
pany of Indianapolis, Ind., who have branches in 
nearly all the large cities of the United States. 

The Searchlight Company of Chicago. This 
company has branches in many of the large 
cities of the United States. 

The Commercial Acetylene By. Light A Signal 
Company of New York have numerous branches. 
We are advised they supply acetylene for weld¬ 
ing and cutting. The tanks contain 120 and 
225 cubio feet. 

Approximate Shipping Weights are as Follows: 

Linde.100 cu. ft. 122 lbs. 

Linde.200 cu. ft. 150 lbs. 

Prest-O-Lite.100 cu. ft. 85 lbs. 

Prest-O-Lite.800 cu. ft. 220 lbs. 

Searchlight.100 cu. ft. 75 lbs. 

Searchlight.225 cu. ft/ 180 lbs. 

Commercial.120 cu. ft. 120 lbs. 

Commercial.225 cu. ft. 180 lbs. 

Weight of acetylene is approximately 14 K cu. 
ft. to a pound. 

The price of oxygen and acetylene varies some¬ 
what, depending on location. Prices in the ex¬ 
treme West and South being somewhat more 
than in the East. The prices in the East for 
both oxygen and acetylene are approximately 
$2.00 per hundred cubic feet at the filling sta¬ 
tion or warehouse. 

You can obtain full Information regarding oxy¬ 
gen and acetylene by corresponding with the above 


companies at the branch nearest to you. 

• To provide a constant supply of gas for your 
shop, you can no doubt arrange to get the use 
of from three to six cylinders or more, accord¬ 
ing to requirements which would eliminate pos¬ 
sibility of running out of gas by having extra 
cylinders on hand for use while getting empties 
recharged. 

Your automobile supply house with whom you 
are trading may be able to give you additional 
information on this subject. 

Oxy-Hydrogen. 

An important feature to the Imperial welding 
and cutting equipment is its adaptability for use 
with oxy-hydrogen as well as oxy-acetylene. 
When it is desired to equip for both oxy-hydrogen 
and oxy-acetylene, the only change necessary is 
the addition of one hydrogen regmator and a set 
of hydrogen tips. 

Tips for welding as well as cutting with hydro¬ 
gen can be furnished. The tip is marked with 
the pressure of gases required. 

Where a supply of hydrogen is available at 
reasonable prices, it is recommended in connection 
with oxygen for cutting of wrought iron and 
steel of any thickness. The cut will be found 
smoother and the operation more economical than 
by the use of acetylene for the preheating flame. 

For welding In general repair work, such as 
gears and castings, aluminum crank cases and 
other alloyed metals, the use of the oxy-hydro¬ 
gen flame is recommended. For welding thin 
sheet steel, from 16 gauge up, the oxy-hydrogen 
flame is found very effective. Its temperature 
being about 4,000 degrees F.. the metal is not 
burned so easily and as hydrogen contains no 
carbon, the weld is softer and very uniform. 
Oast iron may be welded with oxy-hydrogen very 
successfully up to % m in thickness. 

For welding steel of more than K inch in 
thickness, the oxy-acetylene flame should be used 
under all circumstances. 
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of carbon from cylinder, as explained in chart 249-A. 

(see also page 025). The average cost of removal 
of carbon is 10c per cylinder. The oxygen pressure 
is obtained through a reducing valve, with which 
oxygen tank should be equipped before carbon burning 
is attempted. The necessary pressure is about 15 lbs. 5.‘ 
The average price charged for removing carbon from an 
engine is 50c per cylinder. 




A durable and portable 
stand for carrying the oxy¬ 
gen tank of a carbon burn¬ 
ing outfit is here illustrated. 
The base is wood, X-shaped 
and bolted together. Pour 
steel uprights hold a ring 
in which the tank is held, 
and a tin match box on the 
side of the ring holds the 
necessary matches. The 
tank is prevented from slip¬ 
ping by another ring bolted 
to the base, and the base is 
mounted on casters. 


A means of electrically , _ 
lighting the welding torch 11 * 
Is shown above. A box, 
holding several dry cells, 
and a spark coil, is mounted 
at the rear of the welding 
truck, and is connected to 12. 
a spark plug attached to 
the top of the frame. The 
plug is thrown into opera- 18. 
tion by a push button con¬ 
nected into the battery cir- 
cult. This system of light¬ 
ing is particularly adapted 
to short welding jobs. 


ri*. (-OrM •»•" fer T** 

w*n. the «tiDhi< >• fnt 


rig. 4. 


Fig. 6—Pre-heating furnace for cylinders. This sub¬ 
ject is explained on page 721. When welding is fin¬ 
ished the cylinder should be covered with fresh layer 
of charcoal, heated—then allow to grow cold slowly. 
Many shops will not take in water jacketed cylinder 
work—due to difficulty in the job holding. Cause gen¬ 
erally due to improper pre heating. 


Small jobs may be pre-heated with welding torch, 
blow torch or forge. 


Fig. 4—A welding pilot light: When the gas in the 
welding tank becomes too low for welding purposes 
there is still sufficient gas fbr supplying a pilot light 
as per fig. 4. The light comprises a small gas tip ar¬ 
ranged in a tin box as shown. 


Pointers on Welding. 

Always shut off the gas at the cylinder 
valves when the work is finished. 

Never leave pressure in the regulators whsa 
not in use. The pressure gauges will in¬ 
dicate this. 

Never clean out a blow-pipe tip with s 
sharp, hard tool. 

Before attaching rubber hose to blow-pipe 
or regulator, make sure that the inside ef 
the hose is free from dust or powder 
(used as a preservative), which is apt te 
choke the blow-pipe inlets. 

Always use the wrenches provided for the 
cylinder valves. 

Do not use the top of the acetylene eyliader 
as a receptacle for tools. 

Do not under any circumstances use oil 
or grease on oxygen cylinder valves or 
regulators. 

Always see that the hose is clamped se¬ 
curely to the blow-pipe and regulators be¬ 
fore using. 

Always wear the goggles provided whsa 
working with the lighted blow-pipe. 

In case the flame goes out at the tip or 
burns back of the tip, shut off first oxygen, 
then acetylene at the blow-pipe. 

When working in a confined place always 
have a helper nearby to shut off the gas 
supplies at the cylinders in case of nec¬ 
essity. 

Always see that you have enough gases os 
hand to complete a job. 

Always turn on the cylinder valves slowly. 

Always leave wrench on acetylene cylinder 
valve when in use. 

Always have a bucket of water handy wbilf 
welding or cutting for coolipg the blow-pipe 
tips when necessary. 

In disconnecting an empty acetylene cylin¬ 
der from the welding outfit, remember te 
CLOSE THE CYLINDER VALVE tightly. 
Remember that the acetone in an empty 
cylinder is inflammable, and that, ehodd 
the temperature in the room increase, as 
open valve would permit vapor to escape, 
as well as any slight quantity of gas which 
might yet remain in the cylinder. Fer 
these same reasons, the railroads require 
that valves be closed before shipping. The 
simplest and best way is to CL08E THE 
VALVE when disconnecting the cylinder 
from the welding outfit. 

Return empty gas cylinder immediately te 
insure prompt exchange Service. Prepay 
the freight when shipping empty cylinders. 
Remove "inflummable’’ red labels from 
acetylene cylinders before shipping empty 
and ship as "empty returned gas eyUnder" 
to get lowest freight rate. 

Never open acetylene cylinder valve mem 
than one full turn of the spindle. 


JHABT NO. 293-C—Torch for Carbon Removal. Tank Stand. Torch Igniter. Pointers on WtUtaT 

. *See advertisement of Continental Welding Table in back of book. 
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Type B welding torch as furnished with Imoerial 
outfits Nos. 1, 4 and 5.125.00 



Type DB cutting attachment for use with type B 
welding torch. Makes it possible to weld or cut 
with one torch, as furnished with Imperial out¬ 
fit Bo. 4 .920.00 



Type B cutting torch as furnished with Imperial 
outfits Nos. 3 and 5.$45.00 



Imperial portable truck. 



No. 6 Oxygen decar¬ 
bonizing outfit with 
type (G) torch and 
hose—see page 624. 



Type AA Acetylene regulator as furnished 
with all Imperial welding and cutting out 
fits.$22.50 



Type 0 Oxygen regulator as furnished with 
all Imperial welding and cutting out¬ 
fits .$25.00 


Welding and Decarbonising Outfits. 


Ho. 1 Imperial welding outfit: For all general 
welding work, from thin sheet metal to heaviest 
castings. Oonsists of type B welding torch with 
ten welding tipe, extension, decarbonising torch, 
regulators, gauges, hose, connections, goggles, com¬ 
plete supply of welding materials, ready for serv¬ 
ice. Weight, approximately 75 lbs. net, each..$75.00 

No. S Imperial cutting outfit. Intended for light 
and heavy cutting, from sheet metal to heaviest 
iron and similar work. Oonsists of type E cutting 
torch with 2 housings and 4 tips, regulators, 4 
gauges, hose, connections, goggles, hand-book, 
ear-ring case, etc., complete ready for service, 
not, each . $95.00 

No. 4 Imperial combination welding and cutting 
outfit: A splendid equipment for all general work, 
garages, repair shops, etc. Combination welding 
and cutting torch performs both operations with 
one torch. Oonsists of type B welding torch with 
type DB cutting attachment,, ten welding and three 
cutting tips, decarbonising torch, regulators, gauges. 


hose, connections, goggles, complete supply of weld¬ 
ing materials, ready for service. Weight, approx¬ 
imately 80 lbs.net, each $90.00 

No. 6 Imperial duplex welding and cutting out¬ 
fit: This is a combination of the Nos. 1 and 8 
outfits for both welding and cutting and is the beet 
all-purpose apparatus obtainable at any price. Be¬ 
ing fully adequate to handle all kinds of welding 
and cutting within the limits of the process. Oon¬ 
sists of a complete No. 1 welding outfit as described, 
and also includes a type E cutting torch with 
two housings and four tips and an extra pair of 
goggles and 25-foot lengths of hose. Weight, ap¬ 
proximately 90 lbs.net, each $120.00 

No. 6 Imperial oxygen decarbonizing outfit: For 
decarbonising gas engine cylinders. Oonsists of 
type G decarbonizing torch, type D regulator, gauge, 
hose, connections, etc.net. each $15.00 

The Imperial Brass Mfg. Co., 1200 W. Harrison 
St., Chicago. 


9HABT NO. 293-D—Oxy-Acetylene Welding, Catting and Decarbonising Outfits. 
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Silent Chains. 


Are used to drive cam shaft, generator, water pump, magneto, fan etc., instead of gears. 

The Morse silent chain as used on many cars (enumerated below), is different from other silent 
chains only in that the Morse employs two pins in the joint, one called the “seat pin" and the other the 
“rocker pin.” 

To properly connect the ends of a Morse silent chain: Place chain over wheels to run in direction 
indicated by arrows. On all automobile front end drives, the arrow side of chain will be the near side, as 
shown in figs. 1 and 2. 

Brine ends of chain together and lap the link plates in regular order as shown in fig. 2; insert “seat 
pin" (with washer riveted on one end) from far side of chain, taking care that the ribbed side of pin 
points in direction of rotation of chain as shown in fig. 2. 

Insert “rocker pin" from near side of chain as shown by fig. 2, with Begmental, or pointed, side of 
pin against flat side of “seat pin," also toward direction of rotation of chain. The relative positions of 
the two pins, when properly inserted, will be as shown by fig. 3, chart 294-A. 

Place washer on end of “seat pin" and, after backing up with bar or wedge, rivet over the end with 
a few sharp blows of the hammer. 

To shorten chain one pitch by removing the “hunting link." All chains containing an odd number 
of links must include the thin leafed section marked “III/' in fig. 21. This row of leaves (collectively) is 
called the “hunting link." 

To remove same, move chain until the hunting link is on top of a wheel; then with chisel in vertical 
position an* 1 , edge of blade ?t right angleB to plane of washer, strike sharply with a hammer until washers 
A and B are split sufficiently to make them fall off. This releases pins in the two joints which can then 
be driven out and the leaf-plates of hunting link will fall away when chain is lifted up. 

The chain is thus reduced in length one pitch (one link), and all that is necessary to put it again in 
running order is to bring the ends together, mesh the link plates in regular order and make proper con¬ 
nections as stated above. The pitch of a silent chain is the distance from center to center of the pins. 

To shorten chain one pitch, by removing four links and inserting three, one of which is the “hunting 
link." Arrange chain with arrow side as the near side, either flat (as shown above) on some solid founda¬ 
tion or on top of one of the wheels. 

Select a joint at the HEAD of an arrow, and, with hammer and chisel, cut washer C (fig. 31) until it 
falls off. Move to the right four linkB and cut washer D, also at HEAD of an arrow, in same manner. 

Be careful that each severed washer is at HEAD of an arrow, as otherwise leaf-plates of three-link 
section will not mesh in regular order with chain. 

Drive pins from joints C and D and remove links marked 1, 2, 3 and 4 in fig. 31. Insert a three-link 
section in place of removed section, making sure that arrow on new section points in same direction as ar¬ 
rows on old chain. Bring ends together, mesh leaf-plates, in regular order and make connections. 

NOTE—It is only necessary to remove four links and insert the section of three links, as described 
above where chains are used with an even number of links and do not contain a hunting link HL, fig. 21. 
If the chnin contains a hunting link, it should always be shortened as described in instruction fig. 21. 

Some of the engines on which Morse “front-end“ drive Is used: Cadillac; Chalmers; Clyde; Colonial; 
Drexel; Erie; Ferro; Gray; Hackett; Haynes; Hupmobile; Jeffery; Jewett; King; Losier; Scripps-Booth; 
Monitor; Maxwell; National; Nash; Olympian; Pullman; Packard; Winton; Princess; Stearns-Knight. 



Chain Adjustment. 

Various methods are used for adjusting chain tension: For 
instance, if chain drives generator shaft { the generator can be 
moved in slot holes to adjust chain tension, or shaft on which 
sprocket is mounted can be rotated on an eccentric bearing, 
or if mounted in separate case, shims can be installed under 
the case. 

To adjust while running, tighten chain until noisy, then 
slacken to the point where noise ceases. Chain Bhould be 
tight as possible without causing noise. 

To adjust where cover is removed, as in fie. 32, take hold 
of chain and pull long strand as far as it will go to test the 
free movement. The total free movement will vary with the 
length between sprockets. If length is from 5 in. to 7 inches, the total free movement should be to 
If 8" to 11", Vi in. to % in. If it becomes noisy remove 2, 4 or 6 links each; never an odd number. 


Morse adjustable sprocket, fig. 36 is designed for shafts, as generator shafts, etc., when shaft cannot 
be moved for adjustment. The sprocket (fig. 36) is mounted on a bearing which is eccentric to the shaft. 
By rotating the bearing, sprocket is moved, thus adjusting chain tension. The drive is through sprocket to 
a plate type universal joint at left end (fig. 36), to shaft. This joint also tends to relieve vibration of 
chain and is called a “vibration dampener.” 


I 


3HART NO. 204—How to Connect, Shorten and Adjust the Silent Chain. (Morse as an example.) 
kn Adjustable Silent Chain Sprocket and Vibration Dampener. 

pages 89 and 835 for reraeshing timing gears using silent chains, also pages 411, 112 and 113. 
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Fig. 4—Th« marks on tlto camshaft 
gaar (A) should lino up with thorn 
on tha crankshaft gear (B), twfora 
tlto gears aro removed, and should 
be replaced In exactly the same 
position 



replacing _ _ -- 

make certain that the arrows point 
In tlto Direction of rotation, and 
that the rocker and seat pins are 
In the position shown. Otherwise 
the chain will quickly ruin Itself 


Detecting Looseness. 

Looseness in the silent chains grows so gradually that it is scarcely to 
be noticed until the chains have become so loose that they jump the teeth 
of the gears. This, of course, destroys the timing. The amount of loose* 
ness may he felt by grasping the generator shaft and rocking it back and 
forth. Any great amount of looseness destroys the proper timing of the 
valves and necessitates a replacement of the chains. 

Disassembling. 

After removing all parts so that access Is gained to chains, then turn 
the engine until one tooth of the camshaft-driven sprocket, “A,” fig. 4, 
which U marked with an arrow, is diametrically opposite the tooth with an 
4 '0." A tooth on the crankshaft sprocket "B" has a similar arrow upon 
it, and the two teeth opposite each have an <( 0" mark. All should line up, 
as shown in fig. 4. 

Apply the special gear puller, as shown in fig. 2, to the crankshaft gear, 
next apply the special camshaft gear puller, as also shown in fig. 2. 

Working both pullers together, remove both camshaft and crankshaft 
gear, at the same time sliding the distributer housing and fan drive chain 
forward. All will come off together. (The usual method is first to cut 
the riveted head of one of the seat pins on the driving chain, and remove 
the seat pin and rocker pin. The driving chain is then removed. In 
refitting the new chains by this method, it is necessary to rivet the seat 
pins while on the gears and in the case. This is a difficult and tedious 
Job. By the method outlined in this article, the chains are riveted on the 
bench easily, quickly and with a certainty of its being right.) Place the 
gears, chains, etc., on the bench, removing the camshaft driving chain. 

The Repair. 

Out off the riveted head of one of the seat pins on the fanshaft driv¬ 
ing chain, and remove the seat pin and rocker pins. Remove the fanshaft 
driving chain. Glean all parts with gasoline and examine gears for wear. 
If worn, the faces of the teeth will be ridged, showing the marks of the 
chain links, and must be replaced. 

Place new fanshaft chain over the fanshaft gear with arrows on outside 
links pointing in direction in which the ohain ia to run (fig. 3.) 

Rivet a small washer onto one end of a seat pin in a vise. Bring the 
ends of the chain together. Insert a rocker pin, then drive the seat pin 
with its washer into place. Be certain the rocker pin and seat pin are 
in the position shown in fig. 8. Head over the end of the seat pin. Rivet 
up the new camshaft driving chain in the same manner. 

Assembling. 

Place the camshaft gear on the fan chain, with the mark "O'* in the 
lowest position. Plaee the camshaft chain on the gear, with the arrows 
pointing in the direction of rotation. Place the crankshaft gear into the 
camshaft chain with the marks as shown in fig. 4. Now slide the whole 
assembly into place on the engine, driving the gears home with a brass bush¬ 
ing and machinist's hammer Replace nut and washer on crank shaft 
end and then replace parts which are disassembled. 

The Valve Timing. 



The valve timing was automatically cared for in re¬ 
placing the camshaft driving chain as directed, pro¬ 
viding the valve tappets have the proper clearance. The 
exhaust tappet should have .003 inch clearance, the in¬ 
take .002 inch; the exhaust should close and the inlet 
open on dead center. The inlet should never open at a 
point more than 1 in. on the flywheel, past dead center. 
Ignition Timing. 

Open compression relief cocks, crank engine until 
No. 1 cylinder (the one nearest the radiator, on the 
right hand side when facing the engine from the front) 
is on the firing center. The pointer above the flywheel 
will then be exactly over the mark 1-5 on the flywheel, 
and both valves of No 1 cylinder will be closed. 

With the timer open, as shown in fig. 11, )>*£* 132, 
loosen lock screw (A) slightly. Then set spark lever 
as shown in fig. 5. 

Oonnect test lamp into primary circuit, as shown in 
fig. 7. When the breakers are closed the light will be 
lighted, if the ignition switch be closed. 

Replace distributor rotor and turn by hand until the 
distributor brush is under the terminal marked No. 1 
on the distributing cover. Turn on the ignition switeh. 
The light should light. Turn rotor very slowly, in the direction it is driven 
by the engine, until the lamp goes out. Remove rotor, tighten screw (A) 
of fig. 11 (page 132). 

Replace rotor and retard spark. 

Then move the spark lever slowly 
back toward the point of the arrow, 
as shown in fig. 5. When the point 
of the arrow is 
reached the light 
should go out. 

If not, reset ro¬ 
tor and cam as „ ,_. ,, —__ _ __ 

directed. Hi- ^NpElMARY TERMINAL 

"-IKWWVI Qtf TlWB J£ 

Ft&T-eV PLACING A TEST LIGHT 
IN THE PRIMARY CIRCUIT.THE 
EXACT INSTANT THAT THE SPARK 
OCCURS CAN BE DETERMINE!),AS 
THE LIGHT THEN GOES OUT 


PRIMARY 
WlRfi TO 
TINIER 


TEST LAMP 


IHABT NO. 294-A—Replacing Silent Chain. Valve and Ignition Timing on Cadillac. 

haln alignment—when tightening a silent chain by movement of generator—if it is not moved in perfect align- 
tent it will cause chain and sprocket to wear rapidly. This is most important. See also pages 128 to 188 
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INSTRUCTION No. 46-D. 

USEFUL SHOP HINTS AND DEVICES: Labor Saving Short 
Cuts in Repairing. Time Savers for the Shop. Miscellane¬ 
ous Shop Kinks. Tools for Straightening Fenders, Etc. 


Miscellaneous Shop Devices. 


This section is Intended for miscellaneous 
shop hints, useful and time saving devices 
and methods for the shop. The material is 
collected from various sources. The writer 
has not tried out any of the examples shown 
but having taken same from reliable jour¬ 
nals, the matter is evidently practical and 
many different repair jobs can no doubt be 
made easier or quicker by the use of them. 




♦Fig. 1—Extension socket 
wrench: By mounting a socket 
wrench head in the end of a 
4 ft. length of 2-inch pipe, an 
extension wrench is made that 
facilitates the removal or re¬ 
placement of the nut on the 
—— rear axle drive pinion. A steel 
ring is first shrunk on the end 
of the pipe, to provide strength, the pip® i® heated 
red, and the cold socket wrench head driven into 
the pipe. When cool, the head is firmly held in 
place. Because of the long handle, a pipe wrench 
may be used to get a leverage, and the workman 
may work from an uncramped position. 



Fig. 2—One method of 
lacking a car. Hole is 
drilled in clutch pedal 
arm for the insertion of 
a padlock. Prevents use 
of clutch. 



Fig. 2A—To at¬ 
tach charging wires 
to batteries where 
charging is done con¬ 
tinuously, a wooden 
plug is handy. 



Fig. S—Axle stand: Work is facilitated by 
the use of this special stand. The one illustrated 
is fitted with rollers and permits the chassis to be 
moved about, rendering the parts more accessible. 

'From Motor World. 



♦Fig. 6—It la difficult to transfer oil from the 
common oil barrel to a smaller container antes 
xomrc.srtM some special outfit is si 
hand, sack as Illustrated. 
The oil is forced by air 
pressure from the bar- 
rel. Air pressure is ap¬ 
plied through a valve 
that Is an ordinary tire 
valve soldered into aa 

__ old spark ping shell 

mmsim which in turn is screwed 
into a hole in the bar¬ 
rel. The oil is delivered 
through s bent brass 
pipe, passing through s 
second spark plug bush 
ing, also screwed into s 
hole in the barrel. This 
pipe must be long 
enough to extend neerly 
to the bottom of barrel, as shown by dotted lines. 
Packing is placed between the bushing of the 
plug and the shell, so that the tube may be 
adjusted to any barrel, and the amount of oil 
ia readily regulated by the pressure applied. 

Fig. 6—A self-opening repairshop door is shows. 
The door is of the sliding type, hung on s hori- 
sontal track, bnt counterbalanced with weights 
swung over a pulley so that it automatically 
opens when the catch is released. This catch ia 
of the hook type, and connected with a hinged 
board placed across the roadway, the car itself 
releasing the catch aad 
allowing the door to 
open. One of these 
hinged boards is plaeed 
both on the inside sad 
the ontside of the doer, 
so that one entering or 
leaving has only to get 
ont of the car once. 





Fig. 7—Cadillac patented condensing device: 
With this device it is possible 
to use with safety the expensive 
alcohol solution as nn anti- 
frcesins cooling medium. A 
condenser of simple constrnc- 
tion is attached to the frame, 
and is connected by a tube to 
the overflow which runs from 
the upper tank of the radiator. 

Alcohol vapor driven out of 
the solution by heat, as well a a 
any water vapor, in restored to 
liquid form in the condenser 

When the ra¬ 
diator gets 
cold, the va¬ 
cuum produc¬ 
ed by the con¬ 
traction of ita 
contents auto¬ 


matically causes surplus liquid in the condenser 
to return under atmospheric pressuro to the ra¬ 
diator. (This? device is patented and merely shews 

to explain the principle.) 




USEFUL SHOP HINTS AND DEVICES. 
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Straightening Bent Frames, Etc. 

Fig. 1—Straightening a bent frame: To make the repair, the 
radiator is removed, a pan of charcoal placed under the frame, and 
pieces of charcoal heaped around the bend as shown; the frame is then 
heated up about the bent portion by playing upon the pile of charcoal 
with the flame of a blow torch. 

As the frame Is brought to a cherry-red heat the device A is applied 
and used in connection with a wooden beam B which supports the jack. 

The torch now Is set aside, the charcoal removed, and while one 
man carefully operates the jack and slowly draws the bent member 
back to its proper shape, another assists the operation by tapping and 
shaping the heated section with a hammer. 

This hammering Is Quite necessary and an important factor in 
bringing about a successful result as it assists the molecular aotion of 
the steel, and prevents the end of the frame from springing back out 
of line as the job cools off. 

The entire straightening process must be done while the injured 
section is red hot and the job completed before the red color is lost. 



Fig. 2. 


Fig. 2—Bent frame horns may be pulled back Into place by a 
chain, providing the force is applied in the proper place. The 
method of attaching the ohain is shown, and the force is applied 
by twisting the chain with a steel pinch bar. A jack, placed 
against wooden blocks and with a chain sling over it as shown, 
may be used to straighten the side members of the frame. 

Fig. 8—Frames may be straightened without heating and some¬ 
times without even dismantling the car by means of the simple 
device shown. It consists of a wooden beam 4 in. x 0 in. x 5 ft., 
reinforced with iron K in. thick on each side. The beam forms 
the base of the device, to which are attached the steel arms 
which fasten to the frame. A powerful jack .is used to apply 
the required pressure to bring the frame back to normal. A chain 
may be substituted for either of the arms. 









Fig. 4 — Straightening 
dents In bumpers and simi¬ 
lar articles can be done in 
minimum time with the de¬ 
vice illustrated. It is not 
necessary to remove the 
bumper from the car. TTie 


r\%. 10—WHm Um f«M to tucfctod 
it attouid Nt to M»«to to Dm fac« 
and a mankay wrench 

central member, which does the pull¬ 
ing, may be slid from one end to the 
other, as required, so that a dent in any 
part of the bumper may be removed. 



Another method of KTraightenmg a 
bent frame. 



•MOLD BLOCK HUS 

A fender stralghtener made of oak 

3x4, 4 ft. long. 


Fig. 14—A wooden crank 
shaft support for fitting 
connecting rod bearings to 
crank shaft when removed 

from engine. 

Fig. 15—A Soldering iron 

stand which can easily be 
made and well worth the 

time. 


Fig. 14. 



JHABT NO. 295—Straightening Bent Frames. Straightening Bumpers, Fenders, Etc. (see ale 
page 746.) A Car Lifting Device. 

lfubir World 1 





























1 


732 


DYKE’S INSTRUCTION NUMBER FORTY-SIX-D. 



Fig. S—Fitting 
a muffler “cut¬ 
out." Mufflers 
sometimes are not 
large enough or 
are clogged up 
and offer “back 
pressure" or re¬ 
sistance to the 
full passage of the exhaust. A “cut-out* is help¬ 
ful in climbing hills and to help keep engine cool. 
The muffler cut-out is also a convenient method of 
ascertaining (by listening), whether all clyinders 
are firing regularly. 

Muffler “cut-outs** are installed by cutting a hole 
in the exhaust pipe just ahead of the muffler. Fit¬ 
tings can be had from supply houses ready to flt 
and with full instructions, (see also page 84 and 
page 608.) 

Attention to the cleaning *bf the muffler must not 
be lost sight of, for this is a point having a great 
effect upon efficiency. For open cars the writer 
considers a cut-out a necessity; not for roaring 
through towns or villages, but for the purpose 
of testing the firing and carburetion. 

Although it is necessary to remove the muffler for 
a thorough cleaning, it is quite possible to effect 
a satisfactory temporary cleaning of the badly ob¬ 
structed passages by tapping its sides all over lightly 
with a hammer or mallet. The result will be that 
much sooty accumulation will be knocked off and 
blown out through the tail pipe. 

Kg. 4—Pitting 
an exhaust whis¬ 
tle: The exhaust 
whistle is blown 
by the exhaust 
pressure, for in¬ 
tan ce; instead 
of the exhaust 
going out into 
the open air, as 
in muffler cut-out, fig. 8, it passes into the whistle. 

When fitted to an exhaust pipe the exhaust is 
temporarily cut off from the muffler and thrown 
into the whistle by a special valve attached to the 
exhaust pipe. Multiple engines blow a whistle 
almost steady, but single and double cylinder en¬ 
gines blow in jerks or uneven blasts. 




Muffler 




Muffler 




Fig. 7—Attaching Oea- 
necticut shock abeorWi: 
Shock absorbers are nec¬ 
essary accessories. They 
prevent the rebound ef 
springs after the spring 
action and thereby pre¬ 
vent springs being brok¬ 
en by the sudden up see- 
tion of car which is com¬ 
mon in going bver cros¬ 
sings, etc. 

If properly fitted, they 
are worth many times 
their cost. To flt—first 
fill the grooves inside 
the bushing in the end 
of each arm with gra¬ 
phite grease. 

In order to secure sat¬ 
isfactory results it is im¬ 
portant that the angle of 
the arms be correctly 
adjusted so that the esm 
which operates against the springs in the ah 
will be in normal position when the car is 
and standing still. 

Care should be taken that the absorbers are so lo¬ 
cated that they will not strike the frame when the 
car is in motion. After the fittings have been at¬ 
tached, slip the absorbers on to the studs of the 
fittings by loosening up the adjustment nut, so that 
the arms can be palled apart any desired distance. 

Load the car with full number of passengers the 
car is designed to carry and tighten up the ad¬ 
justment nut. The lock washer should be on the 
stud and the nut tightened securely so that there 
will be no danger of the adjusting segment slipping. 
See that the cotter pins are all in place in the end 
nuts. 

After the absorbers are attached no further ad¬ 
justment or attention is required. (Manufacturers 
are Connecticut Shock Absorber Co., Meriden. 
Conn.) See page 26 for other types. 


Kg. 3—Testing 
shaft alignment: 

When the engine 
i s overhauled 
the setting of 
the crankshaft 
with respect to 
the gearbox 
shaft should be 
carefully tested. 

The simplest way 

to do this is to ***!>■«■•»« •»*■*■• *■**•!»■•*•« **» *!■**. 
arrange an indicator ou the gearbox shaft, as 
shown in the illustration. This consists of a stiff, 
straight piece of wire clipped to the shaft, and then 
bent at right angles in the form of a pointer. If 
the centers of the shafts exactly coincide this 
pointed end will clear the edge of the flywheel an 
equal amount all round. If the centers are slight¬ 
ly out of alignment the pointer will be nearer the 
flywheel edge at one part of its circumference than 
at another. By having a sliding adjustment to the 
pointer a very accurate setting can be made. The 
earbox can always be slightly packed or raised 
y means of very thin sheet metal shims, placed 
under its supports, to effect any adjustment required. 

Kg. 6—Bain vision windshields are common on 
closed cars but unusual on open ones. It is a 
simple matter, however, to add this feature. The 
upper section of a windshield is mounted on the 
front of the top, 
two specially 
made brackets 
being used to hold 
it in place. It 
catches the rain 
and the regular 
windshield pro- 
I tects the driver 
from the wind. 


Fig. 30—A tow-bar whereby two cars may be 
brought in by one driver. A towing bar. attached 
to the rear of the driven car. pulls the towed ear 
by a clamp in the front asle. The bar extends 
behind the axle, and a stud on a clamp on the tie 
rod goes in a hole in the bar. In this way, when 
the bar turns, it moves the tie rod. and the towed 
car follows its leader. 



-- ———-—-—- 11. iuug, yi 

rectly above the axle is a hook-shaped member fsr 
engaging the axle of the car. 


A towing pole is superior to a towing rope itr 
bringing in disabled cars, for the reason that It 
keeps the cars at an even distance, there is as 
danger of one running into the other. 




CHART NO. 205-A—Muffler “Cut-Out.’ * Exhaust Whistle. Testing Shaft Alignment. riUM 
Shock AhmrhAra. To win ir Trucks. J 







DODGE STARTER-GENERATOR ADJUSTMENT. 
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Field Ring / 


Armature 




Field Coil 


Tie Bod 


Brush 

V Commutator 


3rd Brush 
Plate Adj. 
Stud. 


Fuse 


Clamp Screw 

3rd Brush 
\ Plate Clamp 
Brush Holder Stud 
Brush 
sh Holder 


Third Brush Adjustment. 

Turn 3rd brush plate adjusting screw’in rear 
of generator just below fuse (fig. 2), in anti¬ 
clockwise direction for greater charging rate. 
This moves brush in direction of rotation. 
To decrease, move screw clockwise, see also 
pages 370, 924. 

Shunt Field Fuse. 

The fuse (fig. 2 above and page 370), is lo¬ 
cated on the outside of the commutator-end 
housing of the starter-generator is inserted in 
the shunt field circuit; and is designed to 
blow if the battery circuit is opened, thus 
protecting the system by rendering the 
starter-generator inoperative. 

Therefore, if the machine fails to charge the 
battery at any time, Inspect the fuse first of 
all; and, in case it is found blown, replace it 
with a new one. If the new fuse in turn 
blows as soon as the machine is started up, 
make a careful search for the cause of the 
trouble before running generator again. 

Bemoval of Armature. 

1—Remove four nuts on sprocket end of gen¬ 
erator and pull plate off with armature; 2— 
undo pinion sprocket nut and pull pinion off; 
3 —remove bearing back of sprocket, which 
comes off when the armature is driven out 
of the plate. The front armature bearing is 
lubricated automatically from the chain. 


To Bemove and Beplace Chain. 

1—Remove housing enclosing start er-genera- 
tor pinion; 2—turn engine over until master 
link is exposed; 3—break master link and at¬ 
tach both ends of new chain to old chain; 
4 —crank engine over until new chain is in 
place, when old one may be removed and mas¬ 
ter link of new chain closed; see also pages 
411, 369 and 728. 

To Adjust Chain. 

See page 369 and illustrations, fig. 1, below 
and pages 411, 728. 

Oil Adjustment. 

1—Oil gage on dash should show pressure of 
2 to 4 lb. at 20 m.p.h.; 2—if pressure is too 
low or too high and investigation shows that 
adjustment is required, then remove springs 
in by-pass located directly in front of the 
water pump, stretching it for more pressure 
or cutting it off to give less pressure. 

To determine whether oil is flowing through 
feed pipe inside crankcase when gage does 
not work, it is best first to remove oil in¬ 
spection plug just beyond the lower rear cor¬ 
ner of the rear valve cover plate. If oil 
spurts out at this point with engine running 
it shows that trouble is in the gage. 
Carburetor Care. 

To clean metering pin, undo bottom nut on 
carburetor (page 178), withdraw pin and 
wipe off with a rag moistened with hydro¬ 
chloric acid. 

If air valve sticks, the air 

valve stem may be dirty, 
move carburetor mixing 
chamber and bottom flange 
and unscrew the two parts 
of the valve. When apart, 
wipe stem, or neck of air 
valve which slides in a 
guide in the body of car¬ 
buretor with a rag, moist¬ 
ened with hydrochloric 
acid. Adjustment of car¬ 
buretor is explained on 
page 178. 


V-Block 
stud 


Locknuts 


Clamping 

Htrsin ^ Strap Bolt Set Screw 



V-Block Stud 

Bracket 


V-Block 


I 



If; 

w 
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Starter- 
Generator 


Front Flange of Engine 

Cylinder Block 


!HABT NO. 296—Dodge Starter-Generator Adjustments—see also pages 396, 370, 924. For ad 
ustment of Dodge Clutch, Brake, Rear Axle, etc., see pages 931, 932, 666, 689. (Motor World.) 
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Two hock mw blades mounted aide by side will cut a wider slot. 



In fig. 2 are shown some right and wrong methods of securing the 
tow rope to the vehicle to be towed. The best way is shown at G, a 
piece of wood being tied under and across the frame horns as illus¬ 
trated, and a single rope connecting it to the rear of the towing 
vehiole. 

To loop the rope under the frame as at D Is very bad, as a severe 
strain would bend the horns inward. 

The bowline knot Is the best to use at all times as it is easy to 
make and as easy to untie; it is illustrated at C. In the same il- 
lustration, attention is called to the cloth wrapped about frame to 
prevent chafing. 

When a bar of wood Is not readily obtainable, and a heavy car Is 
to be towed, the rope may be secured as Illustrated at B; two half 

hitches being used, as shown at A, to secure the rope to the horns of 

the frame, and the rope between the two horns being left slack. 
When using this method, the bights also should be as long as pos¬ 
sible. Two long bights are shown at E; whilst an undesirably 

short bight is depicted at D. A shows how the two half hitches 
are made, and B shows how they look when drawn taut, the 
slack being shown in the rope between the horns H to prevent 
their being drawn together. 

The knots at A and O are the most useful. Their advantage over 
Other knots is that they will neither slip nor jam.—From Motor Age. 



Fig. S—A temporary spring re¬ 
pair: In fig. 3 is shown how a tem¬ 
porary repair was made upon a 
spring whose three lower leaves 
were broken on striking an appar¬ 
ently shallow hole in the read > 
which was filled with water. After 
the break A occurred, the car waa 
slowlv driven to the next farm¬ 
house, where some 2 by 4 blocks, 
a saw and some baling wire were j 
obtained. The short block E waa 
cut off first and two shallow grooves 
S were cut into one side of it so i 
that it would clear the spring dips 
and rest flat on the central pos¬ 
ition of the totf spring leaf. The 
sides of these slots were cut with 
a saw and then finished up with a 
cold chiael carried in the tool ldt 
of the car. The piece B then was 
cut off and nailed to the short 
piece E, so that the sides were 
flush and its ends extended over 
the ends of the short block equal¬ 
ly distant on either side. The top 
block C, which was made just a 
trifle longer than the short bottom 
block, was cut off and slotted in 
the same manner as the under 
block, only the slots were not so 
wide and farther apart as de¬ 
signated by the letter F. This block 
then waa nailed to the long piece, 
centrally located with the slate 
up. The frame of the car was 
then jacked up so that the injured 
end of the spring was a little 
above its normal height, and the 
blocks were set in position as 
shown and securely bound into 
place with the wire D. When this 
was done a few strands were 
wound about the two top p i eoes, 
as at F, to add to their security; 
then a few more strands were 
bound laterally around the whole, 
as at G. This completed the tem¬ 
porary repair. 



A block and tackle consisting of two 
double-sheave pulleys and a 1)4-in. rope 
will be found of considerable assistance 
in wrecking work. It may be used for 
raising a car when there is a tree avail¬ 
able. and it is particularly good for pull¬ 
ing a mired car out. One of the pairs of 
pulleys is attached to a tree or some 
other substantial object, the other pul¬ 
ley fastened to the car that is in diffi¬ 
culty, and the free end of the rone tied 
to the tow car. 



The Pull-U-Out is a 
very powerful and satis¬ 
factory device for pul¬ 
ling cars oat of mud 
holes, something indis- 
pensible when touring. 

This device is suited 
for e number of pur¬ 
poses. In addition te a 
“pull-out" it can be 
used as a hoist and many 
other • purposes. 

A pressure of 80 lbs. 
on handle will lift 1 ton. 

An ordinary 
block ana 
tackle would 
require 176 
lbs. pressure. 

Address 
Pull-U-Out Co. 
2 0 18 Market 
St., St. Louis. 



I 



Another temporary repair 
on an automobile spring: 
The width of the brace 
should be equal to the width 
of the spring and the pert 
B long enough to lay ever 
the dipt holding the spriag 
to the axle. The ends 0 
should be about 3 laches 
long. 8uch a brace wfll 
effectually repair either a 
front or rear spring. 


3HABT NO. 297—Miscellaneous Repair Hints. Towing a Car. Temporary Spring Repairs. 




USEFUL SHOP HINTS AND DEVICES. 


n 


♦How To Operate a Gasoline 
Torch—single jet" type. 



Fill about % fall of gasoline; 
filler ping on this type is at bot¬ 
tom of tank (A). The torch is 
turned up side sdown, gasoliife 
poured in and plug screwed up 
tight, being sure it does not leak. 

Air is then pumped into tank 
(A) by air pump plunger (P), 
being sure gasoline valve (V) is 
closed. Then hold hand over mixer 
tube (M) and slowly open valve 
(V)—gasoline will drip into heater 
(D). Light this gasoline with 
valve (V) closed. This heats the 
pipe (R). After the gasoline in 
neater (D) has burned up, the heat 
should be sufficient to vaporize the 
gasoline causing air and gasoline 
to flow through pipe L A R from 
tank (A) to burner or mixer (M) 
when valve (V) is opened. A match 
is applied to this mixture and 
should be blue in color—if yellow 
then heating is not sufficient and 
operation must be repeated. It 
is advisable to protect the flame 
from wind when heating. 

All torches work on the same 
principle. Some, however have two 
valves, as per page 711, fie. 1, 
which is termed a “double-jet.’* 
They are also constructed with 
pots over the flame for melting 
lead in, these are termed “fire 
pots.* * 

For brazing a similar principle 
Is used except a larger tank and 
burner and separate air pump 
which pumps 75 lbs. into tank—see 
page 712. 


A Carbon Remover and 
Water Injection. 

Fig. 12—This device, It 
Is claimed will remove car- ' 
bon by Injection of steam "* 
into inlet manifold which 
loosens the carbon and per¬ 
mits it to be blown out the 
exhaust. It also admits air 
directly Into the combust¬ 
ible mixture, which means 
more complete combustion 
or power. (Hart-Bell Oo., 
1926 Broadway, N. Y.) 

It is often desired to 
paint or repair a top with¬ 
out leaving the car In the 
repair-shop. A simple sup¬ 
port that permits this is a 
rectangular wooden frame¬ 
work notched to hold the 
top irons. The top is placed 
on this framework. 







Fig. 20—A tank for testing in¬ 
ner tube leaks for tire repair shop 
is shown to the left. It is 0 ins. 
wide and 8 ins. deep. 


*<H£ COT 
LAPGC CHOUGH 
TO PUT LAMP 
INTO SOC*CT 



A shop light, made of a 
can protects the globe 
and not easily turned 
over. 



ordinary geared 
hand drill clamped In the 

vise caa be used for 

touching up a valve or 

filing a taper pin when 
a lathe is not available. A wood “rest” 
or steadying pieoe must be placed behind 
the valve. It oan be fixed by a screw or 
clamped to the bench. 


1 —A loos* motor support bearing 
i knock ■ 



For “running engines In** after 
they are overhauled the simplest 
arrangement is probably to connect 
the front end of the crankshaft to 
a shaft driven by belt from the 
line shafting. This coupling may 
be of the starter crank type. The 
engine should be supported on a 
low stand and the driving shaft 
should be provided with a univer¬ 
sal. The shaft is most simply 
mounted by bolting it to the legs 
of a lathe or planer, as illustrated, 
and the shaft is driven directly 
from a pulley on the line shafting, 
(see also Ford Supplement.) 



Common Ctuse of Misfiring 

Ouideleak, oil and per- 
mtts retro sir to be tucked into the cylinders > 

*rleek tUr%ed ° r br0ke * *•«*** may route an 



A very small grinding wheel for 
mounting in a lathe may be used for fine 
work. The wheel is approximately 1 in. 
in diameter and runs several thousand 
revolutions per minute, this speed being 
obtained by a double belt reduction from 
the driving drum. The intermediate pul¬ 
ley really floats in the air, the shaft it 
slides on being merely to hold it in case 
one of the belts should break, thereby 
destroying Hs equilibrium.— 


5E9 


Home made valve 
spring lifter. 



Method of straight¬ 
ening a bent shaft or 
rod snch as a valve 
stem. The vise is 
used as a lever. The 
supports are grooved 
and adjusted to suit 
the bend. 


3HART NO. 208—Miscellaneous Shop Hints. 

See pages 711. 712 and 696 for a gas heater. 
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A bwnper in the rear as wail as the 

_out is now the approved method. 

The Emil Grossjnan Mfg. Oo. of Bush 
Terminal, New fork, manufacture the 
bumpers for the rear or front. Write 
far catalog. 


GOOD WINDSHIELD CLEANER. 

He of the essentials of bad weather driv- 
ts some provision tor keeping the top 
of the windshield free from snow or 
ratal. Chemical preparations are sometimes 
ased to give the surface of the glass a greasy 
surface, so that the rain will run off rapidly, 
bat this method Is not effective against snow. 

Scraping off the surface of the glass Is 
perhaps the most effective method yet devised. 




Silencing Mechanical Horns. 

Oar owners are often annoyed by 
small boys who persist in sounding 
the mechanical horn when the car 
is left unattended. A simple, bnt 
effective, method of discouraging 
this practice consists of drilling a 
small hole through the plunger rod 
and slipping a cotter pin through 
this hole when the car is left alone. 

While the cotter pin may be eas¬ 
ily removed when the owner of the 
car returns. 

Window Cleaner. 

For removing dust from windows the 
ordinary rubber edge window dryer com¬ 
bined with a notzle which gives a flat 
spray the full length of the edge, may 
be used with a considerable saving of 
time. The nozzle is made from a piece 
of copper pipe, which is flattened and 
flared, as snown, and is then strapped to 
the handle. The water is turned on and 
the tool is rubbed up and down the win¬ 
dow surface, thus removing all dust and 
dirt* then the water is shut off and the 
window la dried by scraping the drops 
away — 



A simple cleaner may be made of a 
pieee of rather heavy steel, or brass, 
wire about a quarter of an inch in di¬ 
ameter, and a piece of rubber tubing. 
The wire ia bent in the form of a 
double loop, and a piece of rubber 
tubing ia slipped over each free end 
of the wire. If the wire ia coated 
with rubber cement, before the rubber 
tubing is pulled on, there will be no 
ehanee for the tubing to come loose. 

The middle of the wire loop should 
rub on the inside of the glass at a 
point about opposite the middle of the 
rubber tubes, so that an even pressure 
will be exerted by the rubber tubes 
over their whole length on the sur- 
(Fo 


face of the glass. 


Fordowner.) 






Painting an Automobile Radiator 

Painting an automobile radiator 
quickly and thoroughly with a bruih i* 
(difficult. A homemade spraying outf.t 
similar to the one shown in the illus¬ 
tration made the job easy. 

The outfit consists of a l />- gal. 0:1- 
can, made into an atomizer by attach¬ 
ing a tire pump to the end of the air 
pipe B. A piece of small brass pipe. 
A, was mounted in one side of the can. 
the upper end of it extending a short 
distance outside of the top. A sec¬ 
ond piece of pipe was mounted in a 
horizontal position in the top of the 

can, as shown at B. If a handle is 
attached to the can, as at C, the piece 
of pipe B may pass through it length¬ 
wise and extend a short distance be¬ 
yond the end of the handle. Both 
pipes were soldered to the top of the 
Can, and the screw top was provided 
with a gasket to make it tight. 

When the air is forced through the 
horizontal tube B and caused to piss 
across the opening in the upper end of 
the vertical tube A, the liquid in the 
can is drawn up and forced out in a 
fine spray. A mixture for spraying the 
radiator may be made of lampblack 
and turpentine. A sheet of paper 
Should be placed back of the radiator 
to protect the engine, and around the 
outer edge, to prevent the liquid from 
bespattering the brass finish. 




STEERING POST PULLER 
Two woodon blocks damped to the 
steering post by a heavy metal damp 
effer a convenient brace for a jack, thus 
permitting the removal of the steering 
peet After applying a strain to the post 
by mans of the jack, a few blows on the 
blocks with a heavy hammer so loosen 
the poet that it may be drawn out with¬ 
out injury.— 


OIL STORAGE SYSTEM 
An oil storage system whereby the oil 
is discharged by gravity, is shown. It 
comprises several tanks, as many as 
there are kinds of oil to be stored, held 
dose to the ceiling on pipe standards, 
and each pipe connected to its discharge 
valve. Oil is transferred from the origi¬ 
nal barrel by air pressure, through 
a special connection, in the manner illus¬ 
trated. In addition to facilitating the 
withdrawal of oil, this method gets the 
storage tanks up out of the way, and 
saves much valuable room.— ) 



_J__ as garage walls. 

may be painted or whitewashed quickly 
ana by the use of an air 

spray similar to that used for cleaning 
motors with kerosene. The paint or 
whitewash b placed in a bucket and the 
application of air pressure to the nocxle. 
whose construction is plainly shown, 
atomises the liquid and sprays it against 
the walls. Valves are provided for reg¬ 
ulating both air and liquid flow, and 
with a little experience it b easy to 
obtain an adjustment which win allow 
an even and economical application of 
paint— 
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POINT Of bt*D 


riCAT chaknx 


When a large gearbox Ip to be taken 
oat of a car, it usually means that more 
than one man must be employed, as the 
weight of the box, together with the 
awkward position it is in, makes it diffi¬ 
cult for one man. In such circumstances 
the chain hoist shown will be well worth¬ 
while. Two steel bands pass under the 
gearbox to support it, and by using the 

chain hoist one man can lower the gear* 
box<o the floor or vice versa. The chain 
hoist also gives a means of obtaining 
slight adjustments which are required in 
putting the box back in place. 



FLOAT VALVE TESTER 
This illustration shows a device for de* 
termining whether the float valve of the 
carbureter leaks. It is designed par¬ 
ticularly for pressure systems, although 
it may be used for the ordinary gravity 
system by simply removing the pressure. 
It consists of a tank partly Ailed with 
gasoline and provided with an air gaga 
and hand pump. The carbureter is at¬ 
tached, the pressure raised to the re¬ 
quired amount, and then the carbureter 
is allowed to stand for Beveral hours to 
determine whether any leakage takea 
place. Float valves which may not leak 
ai all when tested under a small gravity 
head, will leak badly when put under a 
few pounds pressure.— 


-Four methods of preventing oil loos 
from valve tappet guides 

Many engines lose oil from the tappet 
guides, and in Fig. I are four methods 
of dealing with this nuisance. 

In method A the tappet itself is doc¬ 
tored. a groove being ground in the 
center This groove is of peculiar de¬ 
sign. the upper portion being sharp cut 
and the lower part gradually chamfered, 
the idea being that the oil escaping past 
the rounded portion is met by the sharp 
edge when the tappet is descending, and 
is forced down with an action similar to 
the scraper ring on a piston. 

In B a deep recess is countersunk in 
the top of the tappet guide, and forms 
a slight well where oil can accumulate. 
If there is still a tendency for the oil 
to overflow, the idea can be carried a 
step further, and we arrive at Fig. C, 
where the well has been increased by* 
soldering to the top of the guide a col¬ 
lar made from a piece of brass tube 
yi inch in depth and of such diameter 
as to be just slipped over the head of 
the guide. 
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A pinch bar 18 in. by % in., handy 
for removing gears, etc. 




Fig. 8 or (D)—Leakage of 
1 from push rods prevented 
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REAR WHEEL PULLER 

A special puller is required for the re¬ 
moval of the Dodge rear wheel. After 
the removal of the outside flange and 
the rear axle, the frame of the puller is 
bolted onto two of the flange bolts. The 
plunger on the end of the screw fits in¬ 
side the rear axle, housing, giving a lev¬ 
erage that permits the ready removal of 
the wheel. The frame is made of east 
iron, reinforced by ribs; the screw ie 
a It-in. bolt. 



_>-rAC£ PLA7L 
AXLE STRAIGHTENER 

A bent rear axle housing may usually 
be straightened in a heavy lathe by sup¬ 
porting the axle in a fixture on the face 
. plate at one end and bending it back to 
shape by inserting a piece of pipe in the 
other to give increased leverage. The 
bent end of the axle should be placed 
next to the fixture. Obviously, when the 
axle is perfectly true it will rotate evenly 
on its axis. The fixture is a hiavy cast¬ 
ing bolted firmly to the face plate and 
with a hole which snugly fits the axle 
end. Different size axles may, of course, 
be accommodated by using different sise 
bushings. 



WINDOW VENTILATOR 
Some method of ventilating the re- 
pairshop should be provided, and a sim¬ 
ple form of window ventilator is shown. 
It consists of a piece of an old wind¬ 
shield glass, held in an inclined position 
on the window sill by two triangular 
supports, and permits the window to be 
raised and the shop ventilated without 
causing a serious draught on the me¬ 
chanic.- 


GBADIMTIOXJ 



WHEEL ALIGNING FIX¬ 
TURE 

The alignment of either the front or 
rear wheels may be tested by this ftxturs.' 
The frame is made of wrought iron pipe, 
rand is adjustable by means of sliding 
joints. The feature of this fixture is 
that both sides of the wheel are tested 
at the same time; the camber and amount 
the wheels toe in can be readily deter¬ 
mined. The front wheels should toe in 
from •A to % in.— . 


CKHART NO. 800—Useful Shop Hints. 

Dhart 301 omitted. 


See also pages 682 and 683 for alignment of wheels. 
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VALVE-CAP WRENCH 
A wrench for removing slotted-head 
valve cape may be made from a bar of 
steel 2 in. round and 6 in. long. A \ -in. 
hole is drilled through the center of the 
.piece and the jjawa filed on the lower end, 
as shown. A transverse hole drilled in 
the upper end permits the insertion of a 
bar %-in. round for a handle. The 
threads of the cap should be smeared 
with a paste made of graphite and oil 
before replacing the cap.—Hudson 



DRILLING CLUTCH YOKES 
It Is usually necessary to remove the 
clutch yoke when drilling and lapping it 
for an oil-cup attachment. By the aid 
of the drilling fixture shown this may be 
done with all parts in place. A 5/16-in. 
square steel rod is drilled and tapped 
% in. on one end and the drill fastened 
in the other end by brazing. The drill 
Is rotated by the ratchet wrench and fed 
into the work by the set-screw braced 
against the flywheel. The length may 
be made as little or as much as is neces¬ 
sary, and a similar drill muy be made for 
drilling almost any inaccessible hole.— 



i SPRING WINDER 


Springs of various sizes may be wound 
on the spring winding outfit illustrated. 
A cast-iron frame supports two up¬ 
rights that act as bearings for the spring 
winding spindle. These spindles are tool 
steel rod, having a diameter somewhat 
smaller , than the inside diameter of the 
spring to be wound. One end is bent to 
form a crank and handle, the other being 
notched to receive the spring wire. 





VALVE TAPPET ADJUST¬ 
MENT 

The valve tappets of the Maxwell may 
be readily adjusted by means of special 
wrenches provided for that purpose. Two 
standard 626-X check nut wrenches are 
purchased at any supply store, and bent, 
after heating, in the manner shown. 
After loosening the lock-nut the adjust¬ 
ing screw may be turned until a gage 
registers the proper clearance. This 
should be from .006 to .009 in.— 




GENERATOR GEAR 
PULLER 

A puller for removing the generator 
gear on the Dodge car is shown. The 
housing is made of fast iron, cut away 
at the base to engage the gear and pro¬ 
vided with a %-in. set-screw for obtain¬ 
ing a leverage on the generator shaft. 
The feature of the puller is the method 
of attaching the set-screw to the hous¬ 
ing. It is screwed through a swiveled 
cross-member, thus permitting it to be 
swtng out of the way when being placed 
on the gear. - 

GENERATOR SPANNER 
WRENCH 

A spanner wrench for facilitating the 
adjustment of the silent chain drive on 
the motor generator of the Dodge car. 
It consists of a piece of %-ln. round 
stock about 9 in. long, bent and formed 
in the manner shown. To adjust tho 
chain, the chain-inspection plates are 
first removed from the motor gear cover 
Then the set-screw on the cylinder cast¬ 
ing and the strap holding the motor to 
the hand hole cover plate are loosened. 
By means of the spanner 'wrench the ec¬ 
centric bushing is turned until the chain 
has the «proper tension. When properly 
adjusted the chain should run without 
perceptible noise.- 



CRANKCASE WRENCH 
The retaining nuts on the crankcase 
may be quickly removed or replaced by 
the aid of this wrench. The handle b 
made of %-in. round stock bent in the 
form of a bit-stock, as shown. His upper 
end is fitted with a hand rest; the krw 
end with a socket for engaging die aat 
A short piece of round stock, slightly 
larger in diameter than the nut to even t - 
cally be turned, is drilled, as Illustrated 
in the smaller sketch. It is then heated 
and formed over the nut it is to fit, case- 
hardened and secured to the handle by a 



CRANKSHAFT BEARING 
WRENCH 

It is often difficult to get a socket 
wrench thin enough to fit between the 
nut and the bearing housing of the esn- 
necting-rod or crankshaft bearing. Or 
if thin enough to do this the wrench is 
too weak to properly tighten the no*. 
A solid S-wrench may be used, but is nst 
as satisfactory as the socket for this 
purpose. A solid socket wrench, cat 
away in the manner illustrated, pos¬ 
sesses the required strength and has all 
the advantages of the full-socket wrench. 
As the connecting-rod nuts are not the 
same size as the main bearing nets, the 
wrench should be made double-ended aad 
fitted with a removable handle.- 

KNIFE FOR SWITCH TEST 
To test s switch in order to aseerWb 
whether it is short-circuited oc whelk* 
one or both of the wires have beesws 
detached, press s knife blade through tb 
Insulation of both wires lending to dw 
* switch. This will not harm the ianb- 
tion enough to cause trouble— 


HABT NO. 802—Miscellaneous Bepair Shop Hints. (Motor World.) 
harts 301 and 303 omitted (error in numbering). 
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Not all hacksaws ara equipped with 
a device to automatically shut off the 


Ft*. 1 Iilmnlu for roar ado hun; At ka*4a 
aro plac«4 te fraat of tb« tan to iMarcopt At 


power when the piece has been sawed 

through, consequently it is desirable to 
have some sort of an alarm to call at* 
tation to the fact that the cutting is 
Aniahed. An electric battery and bell 
with a simple switch in circuit are the 
■nha required for such a signal. The 
switch lever is tied to the piece which 
is being cut by a string of whatever 
length required, the result being that the 
hwtant the piece is severed it drops and 
tltrttf the switch and the bell rings.— 


Various Asia Hums Defined 
The adjustment of axle gears can best 
be determined by sitting in the rear seat 
and holding the bands over the ears 
(Fig. 1). Should the sound from the axle 
be a steady hum and not too loud the 
gears may safely be said to be adjusted 
properly. If, however, there is an oc¬ 
casional stress in the sound, that is, a 
steady hum interrupted with a rather 
loud note, the adjustment may be incor¬ 
rect. It will be found in testing in this 


manner that the gears may sound well 


tfttanc cusst 

\ 


M 




ffiw on 


when the car is running at uniform ipeed, 
slow or fast, but that as soon as a pick¬ 
up is desired a stress in the sound will 
be heard. Then again the gears may 
sound well except when coasting, which 
is another ailment which may be cor¬ 
rected by adjustment. If sfter trying 
various adjustments, perhaps taking in 
the whole range, the gears still give a 
characteristic loud note at intervals, it 
may be that one or more teeth are 
broken or the gears are slightly out-of¬ 
round. 


A handy truck for handling oils and 
grease either in the service station or 
garage may be made by building a small 
wooden truck mounted on castors and 
placing on it small tanks equipped with 
aelf-measuring pumps. In the device 
shown the Weaver backet pump is used. 
The self-measuring feature enables the 
oil and grease to be sold at the curb or 
in the garage in the same way that 
gasoline would ha from a wheel cart.— 


Ignition Tester 

To find which cylinder is missing, a 
piece of fiber in. long, about % in. 





Many times an ordinary Jack may be 
used to advantage in straightening bent 
parts. For example, one of the rests 
for the top bows was bent In a slight 
accident and it was quickly straightened 
by becking the car up close to the ga¬ 
rage wall, as shown, and using a jack.— 


Spark gap for finding lgnlt.on trouble 



thick and M*m. wide is taken, and near 
the ends arc inserted cable terminal 
posts Through each post is passed a 
copper wire, the ends at the center being 
adjustable through lateral movement of 
ihe wires. One of the wires has ajoop 
at the end tor attachment to a plug. The 
ignition cable is attached to the other 
post. With one of these on each plug 
and the wires at a varying gap, it is pos¬ 
sible. especially in a dim light or dark¬ 
ness. 10 see the action of the plugs. 


Box Substitute for a Pit. 


While not new, the substitute for a 
pit illustrated is worth describing be¬ 
cause of its merit. Two heavy wooden 
boxes, one for each wheel, with a slope 
of about SO degrees, and a flat space on 
top are used. The boxes are constructed 
of 1J4- of 2-inch planks; the height is 
about 10 inches and the length about 4 
feet. Such boxes will support even a 
heavy car. 
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Jig for (fetter HUm. 

'A jig for drilling cotter pin holes in 
bolts and pins, may be made of a piece 
of square stock in which there are sev¬ 
eral transverse holes for receiving vari¬ 
ous sizes of pins. At right angles to 
each one of these is a hole through which 
the cotter pin drill is inserted. The 
distance ‘that the cotter hole is from the 
end of the pin is determined by the ad¬ 
justment of a stop screw which is car¬ 
ried in a plate in the back. 



Compression Tester. 


A compression tester is necessary for 
accurately determining the condition of 
vaires and pistons as regards their tight¬ 
ness. A cheap but satisfactory one may 



Compression tester made of tire gauge 
and spark plug shall 

be made by combining a tire gauge and 
a spark plug shell. The gauge may be 
fastened to the shell by pouring babbitt 
or lead in between the two or a special 
reducing nipple may be used. The gauge, 
of course, is placed in the spark plug 
hole when a cylinder is to be tested. A 
weak cylinder can be readily indicated 
even if the normal compression in pounds 
is not known, by the fact that it will 
register less than the others. The use 
of this device is very important; it should 
be employed whenever any irregularity 
is noted in the operation of the motor. 
Leaky valves, pistons and valve stem 
guides may cause a miss or .a ierky ac¬ 
tion that ordinarily would be Warned on 
the carbureter or ignition. 



Fig. 4—An automatic blew cock 
—used in connexion with an air 
storage system for dusting out 
cars, cleaning engine and parts. 
T —connects with air line. H —r 
handle. A —blower opening. (Stev¬ 
ens Oo., N. T.) 


7HART NO. 804—Miscellaneous Shop Hints. 

Dhart 808 omitted (error in numbering). 
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BEPAIBMA2TS CHECK SHEET. 



When quoting prices on repair 
work it is advisable to keep a 
statement of work necessary, mark* 
ing after each item the cost. Keep 
original with owner's signature 
ana giro copy to him. 


Extra equipment: include here 
the tools left in his car, then 
there can be no dispute. Put 
them in stock room. This plan 
can be elaborated upon—see also 
page 600. 




r *•***-•*»ip w mw Byjnron w 

used in many places in repairahop work. 
For example, it provides h simple method 
of drawing distilled water for the stor- 

r ag$b batteries. A glass tube extending 
the bottom of the bottle is inserted 
the cork and a rubber tube is at¬ 
tached as shown. The end of the glass 
tube must extend below the bottom of 
the bottle, consequently it is advisable 
?**** ^ on » snelf. The tube may be 
made long enough to reach to the stor¬ 
age batteries. The flow of water is con¬ 
trolled by a simple spring device which 
pinches the tube. This may be made, 
or purchased at a drug store. To put 
the syphon in operation it is merely 
necessary to suck on the tube until it 
if Ailed with water. Once this is done 
the water will remain in the tube and 
the syphon will always be ready for in¬ 
fant operation until the bottle is emp- 
~sd. The same principle may be ap¬ 
plied for drawing gasoline from a tame, 
oil from a crankcase, electrolyte from a 
storage battery, and is adaptable to 
many other uses. Of course, it is us¬ 
ually more convenient to drain a gaso¬ 
line ta nk or crankcase in the ordinary 
way, but sometimes the syphon principle 
will be found quicker. 



An overhead railway for repalrshop 
»*« way be patterned after those in 
use hr large butcher shops. It Consists 
» track made out of stock about % 
x2 m. and suspended from the ceiling 
by arms at frequent intervals. On this 
track is placed a cap. to which the 
block and tackle is attached.— 


A grinding wheel for doing special 
work can be made by attaching a wooden 
wheel to the electric drill and wrap¬ 



ping a atrip of ornery paper around 
the periphery. The paper ia faa 
tened by cutting a notch in th* 
wheel and holding the enda of th* 
paper by driving a wedge into the 
notch. 



the desired maximum or mmfanmn, thus 
reminding the man in charge that the 
compressor should be turned off or on. 
The indicating hand on the air gage 
completes a circuit by touching a metal 
pin when it moves to either extreme, 
and thus makes the Ml ring These 
pins are mounted in a small fiber block, 
which ia riveted to the face of the gage. 
The two pins are thus completely insu¬ 
lated from the gage and are connected 
to one terminal of the belL A short 
piece of wire runs from the other ter¬ 
minal to the battery and the return wire 
is attached to the casing of the gage, so 
that current flows through the caring and 
the hand to ono or the other of these 
metal points, - 



It Is often desirable to determine the 
Oxadt consumption of a given car by 
determining how far it will run on a 
measured quantity of fuel, A convenient 
means of doing this is to take an ordi¬ 
nary %-gal. kerosene oil can and place 
m it a quart of gasoline. A rubber 
tube running to the carbureter is then 
attached to the spout and the can is in¬ 
verted and tied securely at some con¬ 
venient place on the motor or dashboard. 



A cold draft pre¬ 
ventive—a piece 
of sheet rubber 
placed as shown. 



Fig. 7—Another en¬ 
gine cleaner: Parts may 
be readily cleaned by a 
gasoline spray or aspi 
rator, actuated from th* 
air pressure line. Thi« 
spray comprises a short 
length of copper tubing, 
about K inch in diame¬ 
ter, having a piece of 
inch brass tubing sol¬ 
dered onto its side. The 
air line is connected to 
the larger tube, and the 
smaller tube is connected 
to the gasoline supply. 
When the air is turned 
on, a suction is created 
in the smaller tube, 
drawing gasoline from 
the can, and forcing it 
onto the part to be 
cleaned, (see also fig. 5. 
page 744.) 


3HABT NO. 805—Useful Devices and Repair Hints for the Shop. 
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Kerosene Tub 


A large tub of kerosene will be found 
convenient for washing parts. The tub 
should have a metal grating 4 or 5 in. 
from the bottom, so that whatever sedi- 



Keretene tub with m«tal grating 

ment settles is not stirred up each time 
a part is washed. The presence of the 
grating insures clean liquid for a con¬ 
siderable length of time, for just as soon 
as a part is washed the grit and dirt 
settles below the grating, leaving the 
liquid clean. 



A roughly made table, covered with tin 
or zinc and with a well in it for holding 
kerosene, makes a handy arrangement 
for cleaning parts. There is a drain 
at the bottom for removing the sedt- 



under a jack when used, around a 
car to prevent turning over and 
sinking in the ground. 



Four steps in making loop end: 
A, insulation removed; B, separat¬ 
ing the strands; 0. twisting wires 
into two leads; and, D, the looped 
end dipped in solder. (Motor Age.) 



Combination cleaning tub and 
drainboard for removing the dirt 
from parts. It is usual to make 
the tuba and draiaboard separate, 
but by installing a screen in the 
tank whose height may be readily 
raised or lowered, all the advan¬ 
tages of drainboard are obtained, 
together with considerable economy 
of space and some added conve¬ 
niences. 



Fig. 7. 



Cleaning Brass Parts. 

Small brass parts, such as pet 
cocks, carburetor parts, etc., may 
be made to look like new by dip* 
ping them in the following bath; 
Nitric acid, 75 parts; sulphuric 
acid, 100 parts; lampblack, 2 parts, 
and salt, 1 part. This solution 
should be mixed and kept in an 
earthenware or glass jar, and the 
parts ahonld be thoroughly rinsed 
and dried after dipping—(see also 
navaa 1A1 And 508.) 



No. 7—Gasoline, or kerosene, 
forced by air pressure onto the 
parts to bo cleaned, quickly re¬ 
moves all dirt and grease. A sys¬ 
tem for doing this is illustrated. 
The cleaning liquid is held In a 
metal tank placed beneath the in¬ 
clined cleaning troughs in the man¬ 
ner shown. An injector typo nos- 
sle, connected to the air line and 
to the liquid, permits the liquid 
to be drawn from the tank and 
forced onto tho part to be cleaned, 
after which it drains back to tho 
tank to be used over and over 
again. Daring the periods that the 
cleaning outfit is not in use the 
dirt settles to the bottom and may 
be scraped out—see also fig. 7, 
page 740. 


Fig. 9—To assist in remov¬ 
ing heavy truck wheels a 
simple skid can be made by 
placing a 2-in. board on top 6f 
a series of rollers made of old 
shafting or heavy pipe. Chocks 
are fastened to the board to 
prevent the wheel rolling. 

Fig. 10—This is the “ball 
and spring*’ oil regulator, as 
explained on pajje 198. Note 
how the adjusting screw in¬ 
creases tension on spring 
through the part (0). Dirt 
beneath this ball (B) check 
valve will cause a drop in pres¬ 
sure, and may be removed by 
snapping the ball (B) up and 
down a few times with a piece 
of wire (W) inserted through 
the oil passage. 

Fig. 16—To remove wheels 
from a truck axle when stuck 
or rusted on. 



CHART NO. 306—Miscellaneous Shop Hints. 
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from a gasoline tank by plugging 
rent, filling with water and apply¬ 
ing 20 lb. air pressure. A lead or 
wood mallet is used by tapping 


gently around outer edge of 




Fig. 2—Bear wheal puller: This 
puller is used to remove the rear 
wheels of the Snick. The wheel 
fiange and axle are removed and 
the puller bolted to the flange 
bolts. A steel button is then 
placed in the rear axle tube, and 
the pressure applied by the cen¬ 
tral screw. By having several 
sises of steel buttons, and making 
the flange bolt holes oval, this 
puller may be used on many cars. 


Fig. S—Valve cage grinding 
on the Butch may be quickly 
ground to a seat by the aid of this 
n tool. It is to 

[[ __ in. steel rod 

v "—bent in the 

form of a bit 

brace, and 

# threaded a t 

the lower end. 
rhe valve cage 
to be ground 
is caught be¬ 
tween two 
nuts on the 

threaded end, 
and the cage 

is ground to a 
seat the same 
as valve, (see 
also page 683.) 



Fig. 2—When engine is over¬ 
hauled, the old valve springs 
should be tested .to see that they 
have not weakened, and whenever 
a new spring is put in, it should 
also be tested to see that it sup¬ 
plies the correct pressure. The 
Illustration shows a simple means 
of determining whether a spring is 
in good condition or not. The ap¬ 
paratus consists of a bracket m 
which is mounted a valve guide, 
valve, spring, spring seat and re¬ 
taining key. Two marks are placed 
on the valve stem, one indicating 
when the compression of the spring 
is sero, and the other when it has 
been compressed a certain amount, 
say to inch. The number of 
pounds required to compress the 
spring to inch may be ascertained 
by writing to the factory. When 
everything is in place, the pedal 
is depressed and the valve is 
raised until the lower mark on 
the steme is on a level with the 
top of the valve guide, at which 
time the pull as registered by the 
spring scales should be the 
amount called for by the factory. 



Except for the two angle irons, which 
carry the motor arms, this stand Is made 
entirely of pipe fittings. The left mem¬ 
ber may be slid to the right or left to 
provide for motors of different widths 
This is possible because .the horizontal 
openings In ths cross-shaped pipe fit¬ 
tings are large enough to take the ertm 
pipe. Set screws are used to lock the 
stand after it hat been adjusted to the 
desired width. 



Small parts, such as screws, bolts, 
washers, nuts, gaskets and the like, are 
conveniently kept in tin drawers, as illus¬ 
trated. The drawers are cut from » 
single piece of tin and are soldered, as 
shown by the heavy lines. The drawers 
slide in grooves cut in planks placed 
vertically. The grooves-are made with a 
saw and chisel. The advantage of this 
method of storing parts is that the con¬ 
struction of the receptacles is very in- 
expensive and maximum convenience is 
afforded. It is possible to see what is in 
the various drawers without pulling them 
oat, which is a feature peculiar to this 
design and saves considerable time when 
the exact drawer a certain part is in 
is not known. 


Speedometer Pointers. 

When speedometer pointers vibrate—look for loose unions, con¬ 
nection, flexible shaft bent too sharp, lack of lubrication, gears net 
properly meshing. 

Failure to indicate speed—look for same cauaes as above. Also for 
broken link in shaft. 

Noisy; lack of lubrication or above cansea. (see also page 518.) 

To Put a Lamp Reflector In Condition. 

When reflector becomes dull it may be polished or buffed. If 
plating is thin and will not stand buffing—the old plating mnst be 
removed and re-plated and polished by an electro plater. If a good 
heavy plating is put on, it can be rejuvenated and be practically 
new again. 



Bulck Spring Compressor. 

Fig. 4. Combined wrench and spring compressor: 
Though designed primarily for replacing the eluteh 
bolt on the Bulck D-28, this tool may be adapted to 
almost any job that requires a spring to be compressed 
before the nut is replaced. The wrench proper ia a 
U-shaped piece of Steel, bent to just fit the face of the 
nut, and held together by a cross strap. A rod, placed 
in the manner shown, permits a wooden lever to be 
used to compress the spring, after which a steel ber, 
stuck through the legs of the U is used to screw the 
nut In place. 


CHART NO. 807 —Miscellaneous Shop Hints. (Motor World.) 
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Fig. 1—Closed bodies msj be removed without 
strain by the aid of the hoisting cradle illustrated. 
Two cross pieces are attached to separate chain 
hoists and are so spaced that they hang 2 ft. from 
the ends of the body to be removed. First one 
end of tho body is pried up. and a lower cross¬ 
member slipped beneath it. Then the other end is 
raised, and the other lower member put in place. 
The steel stirrups are then used to attach the 
lower and upper cross pieces, after, which the body 
may be raised and the chassis rolled from under. 


Fig. 6—A ser¬ 
viceable •air-com¬ 
pressor was made 
out of an old one- 
cylinder, air 
cooled stationary 
engine with very 
little work. In 
order to raise the 
compression pres* 
sure it was nec¬ 
essary to mini- 
nize the clearance 
between cylinder 
head and piston. 
This was done first by fitting a conical wooden 
block to the piston head and holding it in place 
with three %-in. cap screws. Then the space sur¬ 
rounding it was filled with lead. The intake valve 
of the engine is still the Intake valve and the dis¬ 
charge valve is a ball check valve operating on a 
hard rubber seat in the discharge pipe, as close 
to the cylinder as possible. The exhaust valve 
opening was plugged up and all excess fittings were 
removed from the engine. The piston was fitted 
with step rings and a force feed oiler fas substi¬ 
tuted for a drip type. The compressor will fill a 
16x48-in. tank to 158 lb. in 25 min. with a 1-hp. 
engine. The bore and stroke are 8%x8% and the 
speed is 225 r.p.m. (Motor World.) 



Fig. 2 — 
Another hoist 
for raising a 
body in the 
minimum time 
is illustrated. 

Tho body is 
supported by 
the hoist until 
the overhaul- 
>ng is complet¬ 
ed, when the 
chassis i s 
rolled back 
under and the 
body lowered 
in place again. 

The hoist con¬ 
sists of two 
4-in. metal rol¬ 
lers about 6 
feet long, one 
for raising the 
front of the 
body and the 
other the rear. 
These are sui¬ 
tably supported in 



Turning on* crank lilt* nil lour corners of the 
car body at the same time 


a wood frame and are placed 
about 10 feet apart. The hoisting Is done by a 
large crank attached to one of the rollers. AU 
four ropes are wound around this sheave, and two 
of them run to the other sheave which is merely 
used as an idler. Seven-eights hemp rope is used. 
The body may be attached to the ropes by either 
fitting hooks to the rope ends or looping the ends 
of the ropes and using two cross bars under the 
body, as illustrated. 




Fig. 6 — Removing a 
body: Showing how the 
body of a car can be 
easily lifted from or 
onto the chassis, and 
conveniently transported 
about the garage or 
shop. 


Fig. 7 — 
A gear puller 

for removing 
tight gear 
wheels. The 
illustration ex¬ 
plains its con¬ 
struction and 
action. (also 
see page 606) 


Fig. 8—A servlcable tent for touring: Although 
this subject was fully treated on page 516, this be¬ 
ing such a servicable outfit it is mentioned here 
as a timely suggestion, although out of place in 
this chart. 


Use 8 os. duck which comes in 86-inch widths and 
can be purchased at 20c per yard. 

Dimensions of tent in square feet: A—4%'* 
7' =81% '; B— V x 7'=49 # ; 0—8'x5% ' =15%'; 

Cl—8'x5%' = 15% # ; D—7'x7' =49' ; Di—7'x 
7' = 49'; E—4 %'x7' = 31%"; H—4% 'x8% ' =: 15- 
%'; i —7'x8'=56'; K—4%' x 4%'=20%'; 
Total 284%' sq. feet or approximately 81% yds. 
at 20c per yard making $6.85. (Motor Age..) 

See page 541 explaining symbols of feet (') 
and inches ("). 


How To Bon a Lathe. 

• ‘First Tear Lathe Work** and “How to Bun a 
Lathe”—price 10c each—supplied to readers of this 
book by the South Bend Lathe Works, South Bend, 
Indiana. 


CHART HO. 808—Miscellaneous Repair Shop Hints. 

*A motorcycle hngine can also be utilized for a compressor. 
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Fig. 1—This is a simple tool for 
compressing the dutch springs en 
the Beo when assembling the dutch. 
It is a strip of flat iron, bent into 
a square, and riveted together 'by 
a cross strip as shown. Holes are 
drilled and tapped at each side of 
the cross piece for the pressure 
screws. In addition to holding the 
ends of the top together, the cross 
strip also furnishes sufficient ma¬ 
terial to give the pressure screws a 
good purchase. The lower cross 
strip should be notched in the 
manner illustrated. 

Fig. 8—Though designed 
for work on the Ford rear 
<1 axle, this stand could read- 

3 ily be adapted to the re- 

C\l/7\ quirements of many makes 

^[Tv of axles. The ends of the 

axle are supported on notch- 
^ ed uprights, about 80 in. 

I from the floor and the tor- 

=5^]/ que tube is placed on either 

of two uprights similarly 
notched. 


Fig. 2—Method of 
heating a long inlet 
pipe. Annealed soft 
copper pipe, small 
s i s e is connected 
with discharge pipe 
from water pump, 
wrapped around 
manifold and con¬ 
nected with head. 


Heating the Mixture on Old Carburetors. 



-HOT WATER JACKET TOR MANI¬ 
FOLD 


Fig. 10—Improving old type carburetors which 
were designed for gasoline of higher vaporising • 
qualities and long inlet pies. 

Many of the old model carburetors do not work 
well on the present low grade gasoline. If too an¬ 
cient, it is best to get a new model, but where in 

S ood condition the older models can be improved 
y adding a hot air jacket as shown in fig. 10. 

Use a pipe of some kind and slip over the intake 
manifold—about % of its length. Weld gas tight 
at each end (sheet iron can be made into a pipe) 
and pour light layer of babbitt in each end to close 
up any holes or cracks. 

A %, % or % inch (larger the better) flexible 
pipe is then attached to top and bottom of jacket 
to exhaust pipe as shown, or lower pipe can extend 
to lower part of engine—see page 167. 

Fig. 11—Another method of heating the carbure¬ 
tor mixture on old cars that have a long inlet mani¬ 
fold. A % or % inch copper pipe is tapped to 
the exhaust manifold and run down along the in¬ 
take manifold, being held away from the latter 
slightly by asbestos pad#. Asbestos is then wrapped 
around the manifold and pipe and the heat thus 
obtained will help to prevent the gases from con¬ 
densing in the manifold at the point where it 
branches out to the cylinders. 





Fig. 4—The brace rod from an old 
windshield may be made into an ex¬ 
cellent wheel alignment tram. After 
cutting the rod to a length about 2 in. 
less than the distance between the 
front wheels, a brass ferrule is sol- 
dered to one end. This ferrule is 
/ then drilled and tapped to carry a 
thumb screw in the manner shown. 
The adjustable part of the tram is a 
piece of M in. drill rod, marked off 
into Me in- divisions as shown, and 
placed within the tune. 

Fig. 6—This is a cleaning tank, in 
which gasoline or kerosene is forced 
by air pressure in a form of a spray 
onto the part to be cleaned. The con¬ 
tainer is an old hot water heater 
boiler. Air pressure is applied 
through a tire valve soldered to the 
tank, and the cleaning solution is 
drawn up through a small tube to the 
outlet pipe. A length of rubber hose, 
terminating in a copper tube, fitted 
with a valve, completes the outfit. 
Either gasoline or kerosene may be 
used as a cleaning solution, but the 
latter is preferable. 


r tapped m 
exhmot 


PIPE TO 
.OUST PAN 


Fig. 11. 



Hf ° * j. 



Fig. 6. 


Fig. 6—This is a portable test lamp, used -- —-—WJWk 

in conjunction with a 110-volt lighting cir- f/Hm \ W \ \ 

cuit, for testing lighting and ignition cfr* ■ \\ 

cuits on the car. It consists of a wooden J V\M 

base, on which is mounted a porcelain socket Ji \ 
carrying a 16-candle power lamp, connected [ 
to the lighting circuit as shown in the wir- jj 
ing diagram. The test points are connected ]}, . 
to the binding post, and any metallic connec £ v 

tion between the two causes the lamp to light. Fig. 12—An engine testing stand. 

Hence if a wire ii O. K., the lamp will light. By supporting the engine on a 

when the test points are placed on each end cast-iron stand, and operating it 
iit 6 T Vs e ’uA ** * he . r « * 8 an °P® n circuit, it from an auxiliary gasoline tank, 
will not light. Similarly short circuits and storage battery, water supply, etc*, 
grounds may be ^determined. By short cir- the performance of the engine may 
cuitrag the two b* iding posts, the lamp may be observed and the neeesaary ad- 
be used for infraction work. justments made without diffleolty. 
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Metal Straightening. 


There Is but one eecret to 
sheet metal straightening; 
to support all parts except 
that which is to be straight¬ 
ened, and to go slow, work¬ 
ing the metal back to Hs 
original form by light blows. 

To do this requires many 
special tools, some of them 
taken directly from the 
tinsmith trade, others can 
be developed on the job. 

Tft* <nr Mfi in f*na«wlna a toil tr t m 
• aMM o « Mtol 



The Tools. 

1-The Blacksmith's fuller.—This is used as a hand 
anvil, either in conjunction with the light mallet, 
or the light hammer, particularly to remove small 
dents. The combination of flat surfaces with the 
rounded edge will cover a wide variety of work. 

8-Half round die.—After all dents or indentations 
have been removed by use of the mallets, ham¬ 
mers and hand anvils, this file is used to remove 
any small pits or hammer marks. 

S-Heavy wooden mallet.—Used in the preliminary 
straightening to roughly form the metal back to 
shape. The flat wooden surface does not dent the 
metal on flat or crowned surfaces. 

4- Ught wooden mallet.—The most useful tool of all. 
After the metal has been pounded back to its 
original shape, the light mallet, in conjunction 

J with some one of the hand anvils, is used to 
smooth up the work. 

5- Medium cross poen hammer.—A tinsmith’s ham¬ 
mer, used to still further smooth up the surface. 
Wooden mallets will not remove all of the smal¬ 
ler indentations. Hence this hammer must be 
used as it strikes the required concentrated blow 
over a limited area. 



6- Itight riveting hammer.—Any minor indentation, 
not smoothed by No. 5 hammer, is taken out by 
the light riveting hammer. The cross poen is used 
to finish corners, prior to filing. 

7- Hand block.—A steel block, roughly about 4 in. 
square, and 1 in. thick, with the corners rounded 
and beveled. The curves and beveled edges vary, 
so that some part of the block may be fitted to 
almost any part of the work. This and the light 
woden mallet are the most used combination. 

8- Forming chisel—Made in an infinite variety of 
widths, shapes and sizes. The one shown is 
used to form sharp corners, or edges. One with 
a half-round edge is used to re-shape a groove.. 
By grinding the edge to the desired form, the 
metal may be readily driven to that form. 

9- Beadlng tool—The side strips on most fenders 
are held in place by rolled-in edges. When bent, 
these edges open. After straightening to the 
original form, the bead may be again closed by 
the aid of this tool, and a mallet or hammer. 

10- Hand anvil.—An irregular shaped steel plate or 
block, mounted on a steel handle. The edges are 
beveled, and will fit almost any curved surface. 

11- Babbltt hand anvil.—Made in an infinite variety 
of forms by pouring melted babbitt into an un¬ 
bent portion of the part to be straightened. When 
hard, the shape is that to which It is desired to 
form the bent portion. Make handle as shown. 

Reshaping Bent MetiL 

It is not usually advisable to attempt to straight¬ 
en mudguards and lamps having broken surfaces. 

The first step is to work it roughly back to its 
original shape with a heavy wooden mallet. Oare 
must be taken not to break the surface or to draw 
it beyond the original shape. 

A hand anvil of aome sort should always be 
used in conjunction with the hammer or mallet to 
support the edges of the bent surface. Many light 
blows, rath or than few heavy blows, should be 
applied, and tbe blows should be drawn, rather 
than applied dead on. The main thing is to go 
slow to feel the dents with the hand anvil, and to 
direct the straightening blow to the point of bend. 

After the surface has been malleted to approxi¬ 
mately the original shape, the smaller dents should 
be removed, using first the small mallet and then 
one of the metal hammers. This is slow work. 


Filing. 

By passing the hand over the surface, many of 
the smaller dents may be felt and removed. Some, 
however, will still remain. These may be located 
by filing the surface down. The file will hit the 
high spots and pass over the low spots. Then the 
low spots may be pounded up to shape. 

Finally it will be found that the file will touch all 
of the surface except the smallest indentations. 
Then file the whole surface down to a smooth sur¬ 
face and polish with emery paper. 

The four steps in this work are shown on this 
page, the section being that of a crowned mud¬ 
guard. But mudguard, lamp or body, the principle 
is absolutely the same. 

Painting. 

Before applying the paint, the surface must be 
thoroughly cleaned with turpentine. This removes 
ail grease that would otherwise prevent the paint 
from sticking. If the surface is that of a mud¬ 
guard the under side should also be cleaned and 
painted to prevent rusting. 

For hurry-up jobs a quick drying enamel or a 
black Japan may be used to paint the repaired sec¬ 
tion, the latter, of course, being only suitable for 
use on black guards or parts The japan, mixed 
in turpentine, will dry in about 15 min., and after 
a few washes cannot be detected from the rest of 
the finish. 

Straightening Bodies. 

Upholstery must be removed or the body raised 
to get at both sides of the surface. Another diffi¬ 
culty is that two meh are often required—one to 
hold the hand anvil and the other to use the mal¬ 
let or hammer. The co-operation between the two 
must be perfect or the anvil will not be back of 
the hammer blow and the surface will be still further 
bent. Body work is more difficult. 


CHART NO. 308-B—Straightening Sheet Metal Parts. Tools Required and Methods—(see page 
731). With a small investment in tools, a little practice and care in their use, a new department 
may be developed that will show a profit, and also feed other departments. (Motor World.) 

See index for "top-repairing." 
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Track Chassis; Chain and Worm Drive. 




Fig. 1—Plan view 
of a double chain 
driven track. The 
details of how this 
drive is arranged is 
explained on page 
18. Poor cylinder 
engine is employed 


Fig. 2 — A worm 
driven track — four 
cylinder engine. 


Fig. 2. 



coupled 
ethod of 


Type of two wheel trailer which can be 
to rear of any automobile. Note one meth 
coupling at (0): angle iron (A) is attached to 
rear of car to which is riveted a coupling device. 



•Trailers. 

There are some industries .in which a trailer la a 
particular boon to the consumer, namely, where the 
goods of relatively light weight and great bulk have to 
be carried. On the other hand, we find trailers equally 
efficient in the transportation of road material, etc. 
It cannot be argued that they are for any particular 
field of work, but rather that they are for all fields. 
Trailers, according to design, are divided into three 
divisions, as follows: 
a—Four-wheel trailers, 
b—Two-wheel trailers, 
c—Semi-trailers. 

The four-wheel trailer has a large possible field of 
utility and can be used in practically any service. 

The two-wheel trailer has the load balanced on its axle. 
The semi-trailer also uses two wheels but the load is 
not balanced over its axle, rather the front end of 
the load rests on the tractor vehicle, whether that be a 
separate tractor or a motor truck. This semi-trailer 
type is that design brought out by Knox, and is 
now manufactured by many other concerns. 


Dump Body and Holst. 

A track equipped with a dump 
body and hydraulic hoist. They 
are built for handling coal, coke, 
sand, gravel, etc., also for road 
building and construction work. 

This body is- made to fit on a 
hinge at the rear end of the chassis 
and the front end is raised by a 
hydraulic hoist which derives its 
power from the engine. The op¬ 
erator can unload the load in about 
thirty seconds by simply throwing 
a lever which turns the power into 
gear with the hoist. A similar 
movement returns the body to its 
horisontal position ready for load- 
ing. 


Kissel Kar Truck with dump body and hoist. 


JHABT no. 800—Tracks; Chain and Worm Drive. Trailers. Dump Body with Hydraulic Hoist 

lee also page 621 
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INSTRUCTION No. 47. 

COMMERCIAL CARS: Trucks; types and construction. Truck 
Chains, Worm Driven Rear Axles. Trailers. Fire Trucks. 


The Automobile Truck. 


It is interesting to note that the automo- 
bile truck and delivery wagon manufac¬ 
turers have increased at a very rapid rate, 
greater in proportion than the passenger car. 

Probably the subject of trucks will in¬ 
terest many of our readers as it is fast tak¬ 
ing the place of horse drawn vehicles. There 
isn’t much to be treated in this subject, how¬ 
ever, as the truck as a whole, is precisely the 
same principle as the pleasure car—with the 
exception of minor details of construction 
which will be taken up in their respective 
order. 

Therefore for one to master the truck con¬ 
struction and operation, he has but to refer 
to the subjects of engines, carburetlon, ig¬ 
nition, lubrication, operating a car, etc. 

We will classify the commercial cars into 
two divisions; motor delivery and trucks. 

The motor delivery is usually an auto¬ 
mobile of the passenger car class, with a 
special delivery body, as illustrated on page 
16. Inasmuch as this type of car was 
treated in previous Instructions, it will 
not be further dealt with here. 


♦Engine. 

The general principles of the engines are 
identically the same as used en pleasure 
cars; the ignition, carburetlon, clutch 
and all parts except the drive principle is 
identically the same. Therefore, if the 
reader will master the above subject he will 
then understand the construction of a truck* 

The Drive. 

The double chain drive (see page 18) is 
employed on a great many trucks, this is due 
to the fact that a 44 dead 1 ’ or solid rear 
axle can be used, (see page 20, fig. 1, for 
description of the transmission and jack 
shaft, and method for driving by double 
chains.) 

The worm drive is coming into more gen 
eral use. The rear axle construction using 
the worm gear is shown in charts 809A 
and 309B. The worm drive is usually 
adjusted at factory and seldom requires re¬ 
adjustment. Therefore it is well adapted for 
truck work where a “live” axle is used. 


The truck is constructed along the same 
lines, except the chassis is heavier and chain 
or worm drive is usually employed. 

Trucks are made in sizes from % ton 
capacity to 7 tons and over. The greatest 





number in use 
being the 1 to 
2 ton capacity. 

Dnt Dairyman 




All Mfvonr Porpomt 



for Cotdradon 


How to se¬ 
lect a car for 
commercial use 
is treated on 
page 628. 



The Motive 
Power. 

Trucks are 
propelled b y 
either gasoline 
engines or elec- 
t r i c motors. 


AO Over The fkna 
Suggestions for 


Outfit 


The electric 
type is dealt 
with on page 
477. See also 
page 484. 

Most of the trucks employ a four cylin¬ 
der type of engine; some few use a dou¬ 
ble cylinder engine with the cylinders placed 
opposite, as per fig. 1, page 82. 


the use of 
the trailer by the Northway 
Trailer do., E. Rochester, N. Y. 


Details of Three Models. 


Oapacity lbs. 

2,000 

4,000 

7,000 

Price . 

$1,575 

$2,200 

$8,000 

Wheelbsse, in. 

128 

148 

108 

Tires, front. 

84x3 

80x4 

86x6 

Tires, rear . 

84x4 

86x6 

40x6 

Bore .. 

8% 

4% 

4% 

Stroke . 

5 

m 

6 Vk 

Horse power. 

10.61 

27.20 

82.40 

Speed, r.p.m. 

1,700 

1,800 

1,200 

Speed, m.p.h. 

22 

17 

14 

Gear, ratio in high gear 

7%-l 

8*1 

10H-2 

Final drive . 

Worm 

Worm 

Worm 

Gear ratio—Three speeds 

forward 

are usu- 


ally provided, giving ratios in the gearbox 
of 4 to 1, 2 to I and 1 to 1;- and with 
a rear axle ratio of 10ft to 1 the 
total reduction is 41%, 20% and 10% to 1. 
The face of the gears is on an average 
about 1% inches wide. 

Standard Demonstration Chargee and 
Speed* for Commercial Motor Cars 


Load 

OapMfer 

SpMd 

p*—* mu*a ciw*» 

Tm* 

POWMlB 

U7JL 

mr day of 10 tom 

H 

1,000 

IS... 


I 

*.000 

18... 


1K 

3,000 

14... 


a 

4,000 

IS... 


* H 

ft .000 



S 

0,000 

11... 


a H 

7,000 



« 

SjOOO 

io!\ 



0.000 



ft 

.OJOOO 

9 ... 


e 

12.000 



7 

14.000 



s 

10,000 



• 

ISjOOO 



IS 

80,000 

. 



For truck information see index "Governors;’* "Waukesha Truck Engine" and "Trucks." See 
page 676 for the "Internal Gear Drive Axle." See Eisemann magneto page 285 and "setting a mag¬ 
neto" page 812. This information and Instruction 84, 47 and page 561 ought to give one all the in¬ 
formation desired to properly care for and operate a truck. 

*8ee pages ”833 to 888 for example of a typical truck engine and bow to repair same. 
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A SLtHT CHJM* 

ca*f5T|.- "T 
7UTEI Tim 
TwMmam , 




Qftr+S iltffT f *CJH 
CU/TOl *GHQ. >3 
TQTWt*“lil»K*l( 


^^OUR WMg*L* MU 

Fig. 1—Shows top view of the Jeffery Quad, now 
known as the Nash Quad or 4 wheel drive and 
steered truck. 


The Jeffery Quad Truck. 

Now known as the Nash Quad differs from other trucks in that the 4 wheels are driven, 
and steered. Manufacturers are Nash Motors Co., Kenosha, Wis. 

mm*™*. The method 

SB* of driving the 

^ q four wheels is 

^ f _ as follows: The 

^ WS*®* ""T power is trans- 

r I - ^ Wf s jr/1 v lljl f roin 

T tmar—€^( 1 ? Said ^ 

L ' 2 —Ii^ 5 JL 'fr^r t 3 mission, thence 

.*» — _ i i l - a h rough a sys- 

tlfi I 3^ \ ^ otrit WWT e*o« Jj*=5*3» ^® D ? . K®* 1 ® 

1 C I I ,L 1 and alien t 

- W^ZZ* -■ ■ bbr-0- ****** «**“ * "haft 

W "‘ ,L '*•* ® (8). This shaft 

1 — s *? ow * W P '5”, 01 tn ® Jeaerj Quad, now drives a shaft from universal joint (UJ) to 

£e”d ?™ck **“ Q “ d or 4 whMl dr,ve • nd a drive system on the rear axle. 

Drive system on rear axle is shewn in fig. 2. 
Note the differential housing is bolted to the 
FI6.2 wTn 'll axle (3) which is stationary or “dead.” 

Axle shafts (2) extend from each side and 
m -offronm. connect with a universal joint (B, fig. 3), by 

f flange (F). 

_ III / 3 Drive system in wheels is shown in fig. 3. 

—T i T ^'r—The universal joint (B) is held stationary. 

The universal joint shaft (D) is fitted with 
^ t&I a pinion gear (E) which drives an internal or 

Fig. 2— Illustrates the method of placing the dif- driven gear (F) inside of wheel, 
erenttal housing on the -dead” front and rear .... , .. ... . .. , . 

txle with drive ehafte (2), which drive the univer- Although the illustration shows only one 
tal joint (B, fig. 8) by flange connection (P). drive system on the axle, the same principle 

• is used on the front as on the rear. 

____ Steering is similar to other systems, except 

ris* —the rear wheels as well as the front are 
. x ™S^S*E8S®Sjaj«j Bteered. By referring to fig. 3, the end of knuckle arm is 
nr ^ u*mvievs*l shown. This connects with steering gear in a similar man- 

' J J ner M 0 ther steering devices. 

The feature to be noted is the universal joint (B, fig. 3), 
K5jc T^ /' ,* which allows the wheels to be moved at an angle, jet be 

^ driven. Brakes; there are 5—one internal expanding in 

^ each wheel drum, and one external contracting on drive 


Fig. 2—Illustrates the method of placing the dif¬ 
ferential housing on the -dead" front and rear 
«*• with drive ehafte (2), which drive the univer¬ 
sal joint (B, fig. 8) by flange connection (P). 


nertasm*. 


JBSBtmi 


mnt 


'! \ 


ss&risfir 

VTteUJHHQ 

HHUCKi.* 


Fig. 3—One of the 4 wheels illus¬ 
trating how the shaft (D) of univer¬ 
sal joint (B), on which is a pinion 
(B) drives the Internal gear (F) In 
wheel. 

Steering is by connection in usual 
way ef the knuckle arm with steer¬ 
ing device. 


Specifications. 

The late model Is known as model 4017. 
Engine is (Budda) 4 cylinder; L type cyl¬ 
inder 4%x5ft 28.9 h. p.; Ignition is 
type *‘G4” Eisemann magneto, page 285; 
Oarbnretor—the model “L” Stromberg, see 
index; Governor is the Simplex, see index, this 
governor cuts off at a speed of 14 miles per 
hour or engine speed of 1500 revolutions; 
Clutch is the Borg and Beck, page 42; Brakes 
are internal expanding in each wheel; Tires 
solid rubber 36x5; Wneel base 142 and 124 
inches; Tread 56 inches; capacity of truck ie 
4000 lbs., maximum is 5200 lbs; Full tank 
26.7 gallons with reserve tank of 5 gallons; 
Water capacity, 11 gallons. 


«V Ato Itr 

- 1 -/ 7 - 


Fig. 4—The 

25* *" 

let epeed. 
2nd speed. 
8rd speed. 
4th speed. 
Reverse. 

N—neutral. 


OHABT NO. 309X—A Four Wheel Driven and Steered Truck; the Nash Quad formerly known 
the Jeffery Quad. 

'other well known 4 wheel drive truck with "internal gear drive" is the Duplex Truck Co. Lansing, w us, 
page 678 for an internal gear drive rear axle. 



COMMERCIAL CARS. 


749 


Operating a Track. 

It would be merely a repetition to go into Usually 4 cylinder engines are used, see 
details here as to operating a truck, because pages 833-838. Magneto ignition and gov- 
it is Identically the same principle as ex- ernors are also used on truck engines—see 
plained in operating a pleasure car under in- index. Otherwise the operation and care is 
struction No. 34. similar to any other automobile engine. 


Track Chains. 



Baldwin roller chain '‘master 


link'* with cotter pins and an 


Boiler type chain: The truck chain is usually what is termed a 
roller type of chain. The roller part is clearly shown in the illus¬ 
tration. This is the part which # Sts in between the teeth of the 
sprocket. 

1 ton truck; pit£h 1"; di. roller or width roller % to 

2 ton truck; pitch 114"; di. roller % or width roller H to 

3 ton truck; pitch 1 % *; di. roller 1"; width roller % to 1". 

5 ton truck; pitch 2 ”; di. roller 1%"; width roller % to 114"- 


extra roller link, for coupling. 

The pitch ia measured from center to center 
of link, when roller type. The width of roller 
is measured along its length and the diameter is 
measured cross-wise, (or refers to its thickness). 


•Gleaning and Lubricating. 

Tallow gives a chain the best protection against 
dust and grit. It is melted and chain (after being 
cleaned by soaking in kerosene) is laid in the li¬ 
quid tallow—hang it up to dry and then wipe off 


To restore a chain the master link cotter pin the surplus grease. 


or sometimes a wire clip is removed and the 
master link withdrawn. 

On some chains the parts are detachable and 
the chain can be lengthened or shortened with 
ease, whereas with the solid chain the task is 
not so easy—a special tool must be used. 


Teeth of sprockets when worn may he remedied 
in some instances by reversing. 

A new chain will stretch—a link should be re¬ 
moved after it is well set. The rivets are cut 
with a chisel. Master links should he carried. 


Oare of Chains. 

If chains could be protected from dust and be 
run in an oil bath, they would last much longer, 
but no method of doing this has yet been sue- 
eeasfully devised. A case or housing cannot 
be fitted around the chain, because the construc¬ 
tion would also require it to. contain the brakes 
as well as the sprocket, and to surround the axle. 

When chain becomes too slack the chain and 
sprocket are bound to suffer in consequence. 

When chain ia worn an uneven or jerking mo¬ 
tion is imparted to the drive system when slow¬ 
ing down, coasting and suddenly picking up speed 
etc. Therefore a chain should be well lubri¬ 
cated end kept adjusted. 


Adjusting chain tension—slight play is neces¬ 
sary, but equal slack should be in each chain. 
They should be loose enough to run easy without 
climbing the sprocket tooth. Adjustment is usu¬ 
ally made by the radius rod, or large adjusting 
screws provided for the purpose, (see page 20 
showing radius rods equipped with right ana left 
adjusting device). 

The enlarged section in middle portion of radius 
rod is an enlongated nut, which ia tapped with 
both right and left hand threads. The rods have 
threads cut on them to correspond. Turning the 
nut in one direction lengthens the rod and turn¬ 
ing it in the opposite direction, shortens it. The 
principle is identically the same as in a turn 
buckle, this however is a muoh stronger con¬ 
struction. 


Track Tires. Bear Axle and Spring 
Lubrication. 


Tiras—several forms and types of solid tires 
used for truck service are shown in the tire in¬ 
struction, see pages 560 and 561. 

# 

••Truck Bear Axles. 

There is Tory little to be said about ths chain 
driven rear axle as the wheels revolve on the 
spindle of the dead axle—-usually on roller bear¬ 
ings. See page 81 for illustration of a dead 
sue and page 20 for a jack shaft. See also chart 
802. 

The worn driven rear axis is the popular type 
in use and as an example, the Sheldon ia explained 
in charts 300-A and B. 



Springs. 

Springs—inasmuch as the springs of a truck 
are subjected to considerable strain, they should 
be kept in good condition. A method usually 
employed ia to raise the frame of car with a jack 


as shown in 6g. 12, which canses the leaves of 
spring to separate—graphite is then inserted 
between the leaves and wiped dry after removing 
the jacks. The spring clip nuts should be tight¬ 
ened occasionally. 

A Truck Gear Box Alignment. 

When replacing the gearbox on trucks having 
separate jackshaft brackets (as in the chain 
drive Mack), it is advisable to test the jack- 
shaft and gearbox alignment. To do this, cut 
two disks of 1-64 in. galvanized iron to fit the 



outer bores of the jackshaft brackets, and drill 
a small hole through the center of each. These 
disks are placed in the outer bores of each bracket, 
and a fine thread passed through tha drilled holes 
and the gearbox in the manner illustrated. Meas¬ 
urements from the outside of the bearings te the 
thread show whan the alignment Is perfect. 


•See also page 741. See page 678 for the internal gear drive truck ft *\e. 

Tha gear shift of 8 and 4 speed trucks usually the S. A. E. sta*w .-d., 2W See * or 

truck tires. See page 741; "how to remove a truck wheel." 
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Front Wheels. 

Fig. 1—To mount front wheel bearing*—tape* 1 roller: 

(I) insert bearing (A) in the hub and press against 

shoulder (0). (2) screw retainer (G) in place and lock 

with screw (H). (3) insert bearing (B) and press 

against shoulder (D). (4) mount hub on spindle 

(J) and tighten nut (B) against shoulder of axle (K). 
(5) there should not be more than 1-1000 inch clearance 
between nut (E) and bearing (B). To secure this fit, 
the hub should not be able to slide back and forth. 
There should be no endwise movement of spindle, but 
the bearings should not be bound and the hub should 
move freely. Shoulder on nut (E), could be filed down 
if hub does not fit freely. If wheel revolves freely 
you know adjustment is o. k. If not try another net, 
paving shoulder (K) more full. 

Oare must be taken that inner bearing seat is tight 
against the collar on the spindle. Test by moving 
wheel from side to side. 

Fig. 2—Wheel alignment—To test; jack both front 
wheels up—with chalk held in fixed position against 
tires, spin wheels, drawing line around the tire. The 
distance between the lines measured at the front el 
the wheel should be from % to % inch less than in the 
rear. 

To “take in" or “let out“ on wheel alignment— 
Loosen clevis jam nuts on end of cross rod. Remove 
pins—screw clevis either in or out as needed. If 
steering knuckle is bent or steering arm is bent, re¬ 
place it. If cross rod is bent—straighten before re¬ 
aligning wheels. Froqt wheels are “cambered** so 
wheels are little closer together at the bottom than 
at the top. See page 688 for “camber** and “toe-in.** 


Is of semi-floating type (aee page S3.) Axle la 
mounted throughout on ball bearings except that 
straight roller bearings on the wheels are sometimes 
provided. Lubrication of the worm geara is very im¬ 
portant. To put oil into housing—(see figs. 3 and 5)— 
unscrew filler cap and pour oil in until it overflows. 
When new it may be necessary to add oil every two 
or three weeks, if oil level goes down. Drain old eO 
every 5,000 miles and flush out with gasoline and thor¬ 
oughly clean. Heavy oil such as 600W (steam cyl¬ 
inder oil) is best for worm gear lubrication. 

Removing Rear Wheels. 

To remove rear wheels, a wheel puller (fig. 6. chart 

309-B) is provided. Jack up axle, unscrew cap screw 
(A), remove hub cap (B), remove drive shaft nut 
(0), press out disc (D), replace hub cap (B), insert 
set screw (E), and Jam againat drive shaft (F), tap 
back of wheel (G). 

Do not attempt to pull wheel off by simply tightening 
up on the set screw. Be sure to tap against rim of 
wheel on inside, after you jam the set screw against 
the shaft, otherwise you are liable to strip the threads. 

Replacing Rear Wheel. 

In replacing wheel on shaft, put key in position ia 
key way then place hub over shaft with key way in 
SSS in line with key on axle shaft. You may net be 
able to get nut (which jams key) screwed in far enough 
at first, because the hub will not be tar 
enough up on shaft. Do not attesspt to 
draw the hub up with key jam nut *■— 
but drive' wheel on and take up 
the nut as hub creeps on the I 
When hub is well up in position, take 
off outer nut, jam the key tight a« 
the bearing with jam nut and then 
outer nut back in position before p« 
on hub cap. 

Removing Worm and Wheel Carrier. 
They come out as a unit complete with 
worm gear, differential, etc. (fig. 7, chart 
809B.) Before lifting out earrier, the 
axle shaft must first be removed and the 
carrier unbolted from the axle housing. 

Procedure: Jack up wheels and 

move; take off wheel bearing 
by unbolting them from brake 
(fig. 8); pull out axle shafts. 


OHABT NO. 809-A—Adjusting, Removing and Assembling a Truck Rear Axle. (Sheldon worn 

drive type as an example.) 
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nuts which fasten carrier to axle housing marked “re- 
more' ’ (flg. 9.) These nuts are all near the outside 
edge. Do not disturb any of the other nuts, as they 
have nothing to do with carrier removal. Fit an eye 
bolt (any blacksmith can make) into the hole in top of 
carrier (flg. 9) and lift out carrier with chain hoist by 
means ef this bolt. If entire axle lifts up with carrier, 
bump housing lightly on each aide of carrier with 
heavy bar at points marked by black squares (flg. 9), 
applying force downward. Do not use small hammer 
or hit too hard. 

Do not destroy gasket by driving chisel between 
carrier and housing. 

On W-30 and W-50 axles, used on 3 and 5 ton trucks, 
there is a thrbst bearing on each side of the differential 
as shown in flg. 10. Be careful they do not fall into 
housing when carrier is lifted out. They can be held 
in place by reaching hand in axle tubes and smearing 
with heavy grease, while carrier is being lifted out. It 
is important that right hand bearing is re-assembled on 
right hand side and left hand bearing on left hand side 
Do not Interchange. 


Unassembling. 

Reassembling: Remove drain plug and wash out 

carrier and housing with gasoline and clean thoroughly. 
See that all parts are clean. See that gasket between 
carrier and housingis in perfect condition. Set carrier 
back in place. On W-30 and W-60 axles put thrust bear¬ 
ings on same side from which removed. On these axles 
they must be put in place before carrier Is dropped in, 
and must be held until carrier gets down far enough 
to keep them in their proper position. This can be done 
by smearing with heavy grease as before mentioned. 
Bend a short hook of K inch iron, insert the hand held- 
ing the hook in axle tube and hook over bearings at 
bottom, at point X, flg. 10, applying sufficient pressure, 
pulling towards you to keep bearings from falling out. 

Bolt carrier in place. Put axle shafts in place, mak¬ 
ing sure that the hex part of shaft is shoved well baok 
in hex part of differential case. 

Replace wheel bearings, first washing them with gas¬ 
oline. Pack bearings and also brake spider, with 

C rease. The grease will then work into and through 
earings when shoved back in place. Put on wheel 
bearing retainers and draw up tight. Replace wheels, 
being sure key that fastens hub to axle shaft is driven 
up well. Refill housing with oil. Run axle by hand by 
twisting on the front end of worm shaft to make sure 
it is in good condition before attaching the universal 
joint. 



Fig. 9.—Top view of 
carrier and housing. 
Bump housing on top at 
points marked by black 
squares to loosen carrier 
from housing. 



Brakes. 

The foot brake is the regular service brake The 
hand brake is the emergency and for use when it is 
desired to set brakes while car is standing still. Both 
brakes on Sheldon axles are Internal type, on the small 
axles they are of the cam type and on the larger sixes 
the “wrap-up" type. In this latter type the brake 
action gradually increases automatically. 

Adjustment: Equal adjustment is essential. There is 
no adjustment in the brakes themselves (it being all 
in the parts which pull the brake levers.) On the late 
type axles the adjustment is made by a sector attached 
to the brake pull lever, as shown in flg. 11. To tight¬ 
en up on the brake lerera, simply take out bolt which 
fastens the sector to the lever, and move the hole in 
the lever one hole (towards the rear) on the sector. 

On older type axles the adjustments were made by 
simply tightening up the pull rods. 



In braking the truck with the engine with 
switch off and on low rear, care must be 
taken. If you intend using engine and low 
gear on a hill, engage your low speed before 
you reach the incline, because changing gears 
while a truck is rapidly descending is apt to 
strip the gears. The engine used this way 
makes a powerful brake and saves the brakes. 
The spark should be given just before reach¬ 
ing bottom of incline in order to start engine 
before actual bottom is reached. 
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♦Tractor Designs. 

1—Four-wheel tractor 
design with two large driv¬ 
ing wheels in rear and two 
smaller steering wheels in 
front. .The front wheels 
vary in diameter and also 
in tread. They are gen¬ 
erally placed farther apart 
than shown. 



2—Four-wheel tractor 
design in which two front 
wheels are so close to¬ 
gether as to really serve 
as a single wheel. 

8—Three-wheel tractor 
design with two large 
driving wheels and one 
steering wheel located 
at one side and in front. 
The diagram shows a two- 
cylinder engine. 



4—Three-wheel tractor 
design with a double 
steering wheel and one 
very large rear wheel fet 
driving. There is a sec¬ 
ond rear wheel made quite 
small for balancing. 

6—Three-wheel tractor 
design using two large 
driving wheels and one 
very small wheel in rear 
for steering. 

6— Four-wheel tractor 
design with largo driving 
wheels in rear and rela¬ 
tively small front wheels 
for steering. Note the 
cross method of engine 
mounting. 

7— Unusual tractor As¬ 
sign, with two large steer¬ 
ing wheels mounted very 
far apart and with two 
driving wheels placed very 
close together at the roar. 

8— Two-wheel tractor 
design to which you can 
couple any piece of farm 
machinery. The entire 
power plant Is mounted 
between the two driving 
wheels. 


9— The combination wheal and caterpillar tractor, with a single caterpillar for driving in tho roar and 
two stearing wheels in front. 

10— The short caterpillar using a caterpillar, or flat wheel construction at each side. This design 
has been oa the market for some time. 

E—is the engine; 0—gears dsiving internal gears in rim of tractor wheels; W—tractor drive wheels. 
8—steering. \ 


What a Tractor Mast Do. 


1st—Must work efficiently after six years. 

2nd—Must reduce horses to the minimum. 

8rd—Must supplant horses. 

4th—Must cultivate row crops. 

6th—Must plow and cultivate, both. 

6th—Must handle two plows under bad conditions 
and three under good conditions. 


7th—Must operate 7- or 8-ft. binder at 2 ft to 8 
m. p. h. 

8th—Must have power to operate road grader, 
manure spreader etc. 

9th—Must have belt power to operate any hay- 
baler or 24- to 28-in. threshing separator 
with self-feeder end wind stacker; mnat op¬ 
erate corn sheller, feed grinder, sawmill, etc. 

10th—Must cost less than $1,000. 


11th—Must weigh leas than * 
5000 lbs. and bo guaraa 
teed one year. 

12th—All working parts in 
oil; self-steering; direct 
drive for all apooda and 
belt pulley; speed enough 
for plowing end road 
work; low center of 
gravity. 


HABT HO. 810—Tractor Designs. Diagrams Showing the Different Principles Used. 

Kotor Age.) 

See page 829 for tractor drive methods. 


Class of Work. 

LIGHT WORK. 

HEAVY WORK. 

SELT WORK 

Pumping, Wishing, Or earn 
Separating, etc. 

Feed Grinding, Ensilage Cut¬ 
ting, Shelling, Shredding, 
Threshing, etc. 

HAULING 

Hauling People, Farm Pro¬ 
duce, Merchandise, etc. 

Hauling Grain, Building Ms 
terial, etc. 

;FIELD WORK 

Plenting, Oultivsting, Mow¬ 
ing, Raking, etc. 

Plowing, Discing, Harrowing, 
Drilling, Harvesting, eto. 


i 






























THE TRACTOR. 


753 


INSTRUCTION No. 48. 

•THE TRACTOR: Class of Work. Medium Size Tractor of 
General Farm Work. Gasoline-Kerosene Carburetors. 


Fuel: The tractor was formerly propelled 
by a steam engine, but is now usually pro- 
polled by a gasoline engine, which uses 
gasoline or kerosene for fuel. # Two methods 
of using either gasoline or kerosene is ex¬ 
plained in chart 311. 

The engine can be either a multiple cylin¬ 
der, vertical or horizontal type. The same 
general principle of cycle operation, igni¬ 
tion, eic. is employed as in the automobile 
engine, therefore we will refer the reader 
to the Instructions in the book on these 
subjects. 

The drive systems differ however, but the 
same underlying principles such as clutches, 
jack shafts with differentials, etc. are em¬ 
ployed, but of much heavier and larger 
design.** 

We would advise the reader to send for 


catalogues of some of the leading tractor 
manufacturers. These catalogues will give 
the reader the information on the drive 
methods and the instructions in this book 
on engines, ignition, etc. will give sufficient 
information on the engine. In this way 
one can gain a good working knowledge of 
.tractors. The two gasoline-kerosene car- 
buretion principles are explained in chart 
311—see also index. 

A leading concern who has agreed to send de¬ 
scriptive catalogues, pertaining to tractors, to 
our readers, ia the Minneapolis Steel and Ma¬ 
chinery Go., Minneapolis, Minn, manufacturers of 
the famous “Twin City” tractors—see page 832. 
Other 'tractor manufacturers are Holt Mfg. Oo., 
Peoria, Ill.; 0. L. Best Tractor Oo., San Leandro, 
Oalif.; Yuba Mfg. Oo., 483 Oalif. St., San Fran¬ 
cisco, Oalif. 

The address of three leading gas engine maga¬ 
zines are; The Gas Engine, Cincinnati, Ohio.; Gas 
Review, Madison, Wiscn. Gas Power, St. Joseph, 
Mich. 


What a Medium Size Tractor Will Do. 


The medium-sixe, medium-priced tractor, oper¬ 
ating under average conditions will plow one 
acre 7 in. deep on 2% gal. of gasoline and 
to gal. of lubricating oil. This, in brief, is the 
result of an extensive inquiry made by the 
United States Department of Agriculture embrac¬ 
ing data received from 200 tractor uaerg in the 
corn belt in Illinois. 

The information is given in bulletin (No. 710) 
of the department, which is entitled “An Econo¬ 
mic Study of the Farm Tractor in the Corn Belt," 
and which includes information from the users of 
tractors of various sizes and on various sised 
farms. 

Boat Bias Tractor to Purchase. ^ 

Bolt work represents 50 per cent of the total 
work of a tractor. For belt work to be thoroughly 
efficient the engine needs about the same power 
ae is required for four plows, making the three 
and four plow outfits the best sizes for general 
utility on the farm. 

Another important conclusion drawn from the 
data collected indicates the size of tractor most 
suitable for a given size farm and lays particular 
emphasis on the fact that the medium-size, medium- 
priced tractor “appears to have proven a profita¬ 
ble investment in a higher percentage of cases 
than any others.'* The sises recommended for 
various sizes of farms are: 

Acreage No. Plows 

of Farm Handled 

200 or lest.8-plow . 

201-450 .4-plow 

3-plow second choice 

461-750 .4-plow 

5- and 8-plow second choice 

It is further noted that the smallest farm upon 
which the smallest tractor in common use—the 
2-plow machine—may be expected to prove profi¬ 
table, is one of 140 acres. 

The bulletin further states, that the chief advan¬ 
tages of the tractor for farm work, according to 
the operators, are (1) its ability to do heavy 
work rapidly, thns covering the required average 
in the season; (2) the saving of man labor, and 
(8) the ability to plow to a good depth, particu¬ 
larly in hot weather. Tho chief disadvantage* 
are put down as difficulty of efficient operation 
and packing of the toil when wet. 

One significant fact brought out ia that the pur¬ 
chase of a tractor seldom lowers the actual cost 


of conducting the farm and that the purchase af 
the tractor usually must bo justified by Increased 
yield. 

With regard to the number of days a tractor 
is used, the report gives figures which vary froia 
49 for the 2-plow machine to 70 for the 6-plow 
machine. Nearly 45 per cent of the tractor users 
report that they do custom work for others, which 
would seem to indicate that the tractor is too large 
to be kept busy on the home farm. The life of 
tractors, as estimated by their owners, varies 
from 6 seasons for the 2-plow machine to 10% 
seasons for the 6-plow outfits. 

Repairs Cost 4% of Purchase Price. 

The longevity of the tractor brings up the ques¬ 
tion of repair expense, and in this connection the 
bulletin points out that though no accurate statis¬ 
tics are available on this, it would seem fair te 
count upon probably less than 4 per cent of the 
initial cost annually. This represents the average 
for farm machinery generally. 

Under favorable conditions a 14-in. plow drawn 
by a tractor covers about 8 acres in an ordinary 
working day. Under unfavorable conditions large 
gang plows will cover less ground per day pez 
plow than will the small ones. Plows drawn b» 
tractors do better work on the whole than de 
plows drawn by horses, the average depth ia 
Illinois with tractors boing 1% in. greater than 
with horses. It is stated that the tractor displaoea 
about one-fourth of tho horses used on the average 
farm. 


Power Required Deponds Upon The SolL 

The resistance that soil offers to the passage 
of a plow bottom varies from 2 to 20 lbs. per 
square inch, depending upon the character of 
the soil. 

This being so, a bottom which requires a pull 
of only about 400 lbs. at the draw bar to turn a 
furrow 14 in. wide and 6 in. deep, may require as 
great a pull as 850 lbs. in a soil of different con¬ 
stitution, or a maximum of nearly 1700 lbs. in the 
most intractable soil. 

. Therefore the power of the tractor must be de¬ 
termined by the character of the # aoil and the num¬ 
ber of plows it pulls. One should secure a soil 
map of his locality from his State Agricultural 
College and post himself on the relative condition 
of the soil in his neighborhood and the power re¬ 
quired before purchasing a tractor. 


•See page 829 “Tractors;'* 826 Ford Tractor; 827 Holley Kerosene Carburetor for Tractors. See page 
83JL for kerosene difficulties. 

**The tractor engine must stand continued running at, (at least) three-quarter power for an aggregate 
ef several hours steady running, therefore the bearings and parts ef engine should be heavier sad 
capable of withstanding this strain. 
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♦♦Schebler Kerosene Carburetor—Single Type. 

^Schebler Model D 

m (— ItI ( sin S le ) carburetor: 

•W «««« _*2SS^ J 1 L The successful use of 

W _ \ [• W M- kerosene is not a pro- 

jffljr rpn TM*rce \\ fWTi ^ Q n blem of the c&rbure- 

lLUL^^ «*•« * \^X | y y - r * tor alone, but in- 

„ y I! I volvee both the carbu- 

I^Vi 1/ OO T 111 rotor and a proper de- 

® . ^T" ] aJL_ M V "" t “ sign of engine. 

Span ^ 1 . It Is absolutely necessary and must 

UQ J \ J I y y be understood, that kerosene can on- 

\ 1 UJ> r -{] Bjr ly he burned with the application of 

Ly y 4 obd 11 the proper amount of heat. 

®cctk>. «mtc« rtf it | g jjgQ advisable on some sizes 
of engines to heat the Incoming air 
to the carburetor, and we find that 
Pig. l. The Schebler Model D 14 Single" Carburetor, with it rarely occurs that too much heat 

special water throttle for use with kerosene on tractor and can be applied to the air supply, 

stationary engines. 

The intake manifold must be kept as hot as possible, perferably by the exhaust heat, 
for if heat is not applied, there will be a precipitation on the walls of the manifold. 

Heat on the manifold has two objects: First, to aid evaporation of the heavier parts of 
the fuel; second, to neutralize the Refrigeration produced by the evaporation, so that the in¬ 
coming charge of gas introduced into the engine, is in an intimate mixture and at a uniform 
temperature. 

Users of kero sens have always found it advisable to use water to prevent pounding under heavy 
loads; and also, water injection prevents excessive deposits of carbon. In this water or kerosene throttle 
attachment, there is a small hole in the carburetor side of the throttle, through which may be 
introduced a stream of water controlled by any suitable type of needle valve. While the engine is 
pulling s load, this needle valve which controls the supply of water from any suitable source, should be 
opened only sufficiently to remove- the pound. When engine is stopped, water must be shut off. The 
engine must be started and warmed up on gasoline and then can be switched over to kerosene. 

♦♦Kingston Kerosene Carburetor—Double Type. 

Kingston double carburetor: (shown in flg. 2.) This carburetor is so constructed that either gaso¬ 
line, motor spirits, kerosene or distillate may be used by shifting of lever No. 81, which operates fuel 
switch valve No. 29 from one side to the other. The construction of carburetor with two bowls allows 
gasoline fuel to bo supplied to one bowl and kerosene, motor spirits or distillate to the other, so after 
starting engine on gasoline and after it is warmed up. a switch to tho other fuels can be made in¬ 
stantaneously by the shifting of lever No. 81. Then if engine refuses to pick up load, a switch back to 
gasoline can be made at once. 

Adjustment: The fuel supply to each bowl is controlled by needle valves No. 11. The method of 
adjusting is to turn this valve to the right (first loosen lock screw No. 12) until it is down on 

valve seat. Then turn back to left one complete turn 
r C tl y for preliminary starting. To adjnat needle valvee 

Ltvgf if correctly, engine must be running up to speed, set 

—, . spark lever in retarded position and follow out 

^ynVTl * I these operations: First turn the needle valve 

slowly to the right until the engine starts to back- 
J ML fire through carburetor. Then slowly turn to the 

nfff a | f fir a A \ ; h ™ left until the engine picks up maximum speed. Also 

L V II ) 9}J notice the exhaust coming from outlet. After on- 

u^ 1 Mjy gine warms up and proper adjustment has been 

IS* -O&ymade, the exhaust should show up clear, no smoke 
• 2 F 'w t ] to speak of. Too mnch fuel produces black smoke. 

f' a ' 1 When engine is operating right, tighten lock screws 

V ft y No. 12. The needle valve lock spring is intended to 

., . ' hold adjustment of noodle valve, but to make doubly 

sure that needle valve is held in proper adjustment 
the lock screw No. 12 should be set up tight. The 
^ , j , —| needle valve ia the only adjustment on tho Kingston 

F The auxiliary air is controlled automatically by 

♦. i ball valves see page 162, which takes care ox the 

W 5 mixture at all speeds above or below normal speed 

nS*v 1t- t r/ ’r-TV : V-s. V7> f so that after the adjustment is once made on the 

r needle valves no further adjustments are required. 
Y 1 Stop valve at each of supply tanks should be shut 

V H v A an. ^ yyCJ, \\ T- - Off when tractor isn't being operated. The float 

a ■ j H valve in carburetor might stick or fail to keep sup- 

pfw [wff A-A ply of fuel to bowl or float chamber cut off, and it 

would mean that the carburetor would flood and 
i * v fuel would run out and be wasted, 

j . : ’ f For tractor nso—fuel must be connected to both 

U JJ / LyJ bowls from both tanks when operating tractor. 

fai r * H i XaTI Air washer: The Kingston carburetor (Kokomo^ 

(l ff ^ -^ Ind.), uses an air washer, called the Bennett type. 

Fig ► J V- V T-~ j , “ ^ manufactured by Wilcox-Bennett Oo., Minneapolis, 

Ijjj Minn. Seo page 828 for principle and purpose. 
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OHABT NO. 811—Carburetors for the Use of Kerosene or Gasoline. 

* Cause: as the fuel is drawn through inner pipe, heat is required to evaporate it, consequently boat is draws 
from pipe, leaving it cold, evaporation then stops—for this reason extra heating is supplied. (see she 

pages 166 and 158.) **8ee page 827 Holley kerosene carburetor and page 881. 

Hot#; it is practically impossible to start an electrically ignited engine with keroseno when engine Is eeM. 
Kerosene does not give off vapor until heated noarly to the boiling point of water—it mast be heated aad kept 
heated, otherwise it will condense. 






OTHER TYPES OF INTERNAL COMBUSTION ENGINES. 755 


INSTRUCTION No. 49, 

OTHER TYPES OF ENGINES: Motorcycle, Marine, Station¬ 
ary Engines. Two Cycle Engine. Diesel Engine. Motor 
Bob. Re-designing Old Cars. Service Cars. Steam Cars. 


Other types of engines are motorcycles, 
marine, stationary, Diesel, two-cycle, aero, 
etc. We will not attempt to give detailed 
explanations in this book—as it would re¬ 
quire too much space to properly treat the 
subject; but to those who are interested 
in the above subjects we would refer them 
to Dyke *8 Motor Manual. 


^Motorcycle Engine. 

The motorcycle engine is usually a four 
cycle type of engine and is made with one, 
two and four cylinders. The air cooled 
cylinder is in gen¬ 
eral use. The “twin 
type * 9 cylinder is 
the most popular 
and cylinders are 
usually placed 42 
to 45 degrees apart. 
Why they are 
placed 45 degrees 
apart and such sub¬ 
jects as firing or¬ 
ders, etc. is fully 
explained in Dyke's 
Motor Manual, to¬ 
gether with com¬ 
plete details of 
valve timing, driv¬ 
ing systems, clutches, transmissions, etc. 

The connecting rods are usually placed on 
one crank pin, sometimes there are two 
crank pins—in the latter case the firing im¬ 
pulse would differ. The fly wheels are us¬ 
ually enclosed in the crank case, (see fig. 
7, page 74, and Insert No. 3.) 

The four cylinder motorcycle engine is 
also ftu use and is very similar to the auto¬ 
mobile engine, but smaller and lighter. 



Fig a 


A twin cylinder motor¬ 
cycle engin*. 



A “Motor-Wired.’’ 

The Smith Flyer ie a light motor vehicle made 
from a four-wheeled backboard with a Smith 
• ‘motor wheel" attached to the rear. 

This machine though its entire weight is but 135 
lbs., is capable of running at 20 to 25 m. p. h. 
and runs from 50 to 60 miles on 1 gal. of gasoline. 

The control consists of a small thumb lever 
attached to the steering wheel and clutch and 
foot brakes are the same as those on a regular 
automobile. The. wire wheels are fitted with 
double tube clincher tires and are 20 in. in di¬ 


*See also pages 843 to 846, and Insert No. 8. 



ameter. The wheelbase is 70 in. and the tread 
is 80. The motor wheel is lifted about an inch 
off the ground by means of the clutch and is 
cranked by a handle on the drive wheel. By let¬ 
ting out the clutch the wheel is dropped to the 
ground. Price of this outfit is $185.00. 

In winter the wheels can be removed and sled 
runners attached, making it a motor sled. 


The Auto- Fed, manu¬ 
factured by the Auto- 
Fed Go. of America, 
hrong Island Oily, 
N. Y. To drive, op¬ 
erator Is in standing 
position. A 6 volt 
lighting generator is 
inclosed in flywheel 
case. 


Marine Engines. 

Marine engines are also built along the same 
lines as the automobile engine when of the four 
cycle type, but with the addition of a governor on 
large enginea. 

The smaller types of marine or motor boat gaso¬ 
line engines are frequently of the two cycle type. 
75fi tW ° cycle type °* en 6 ine is explained on page 


The marine engine is built heavier than the 
automobile engine because it is run most at full 
speed or power for long periods of time, however, 
on the modern marine engine it is capable of vary¬ 
ing speed by use of the throttle and spark the 
same as the automobile engine. 


—-_ratine ou|idn is similar to 
tne automobile engine, but in many instances the 
"make and break" system page 260, and oscillat¬ 
ing type, page 264, also K. W. is used. On the 
small two cycle type the jump spark with vibra¬ 
tor coil and battery is used to s great extent, also 
the make and break system described on pages 
214 to 216. In fact, the make and break system 
is used quite extensively on large four cycle type 
of marine engine because it is of the low tension 
type and is not affected by dampness, which is the 
esse where high tension current is employed. If 
high tension is used, then it must be well insu¬ 
lated because of dampness. 

The carburetlon is similar, but on some of the 
larger types of marine engines a double carbure¬ 
tor, using gasoline to start on and kerosene to run 
on is quite often used (psgo 754). 

The dutch is used between the engine and re¬ 
verse gear, and is practically the tamo principle 
as an automobile clutch. 

A gearbox is some times employed which gives 
one speed ahead with a lower ratio than the direct 
drive. The reverse geaT is also employed. Some¬ 
times, however, the Sropeller itself is made so the 
blades will shift at various angles or pitch, (whieh 
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Fig. 2. Piston almost at top of stroke. Note two things occurring; (I) gas is being compressed and 
■park just about to take place; (2) fresh gas is en¬ 
tering crank case from carburetor through inlet 
pert to crank case. 

"Therefore with two movements of piston, one 
•p and one down, or one revolution of crank, four 
actions took place; (1) intake of gas into cylinder; 

(2) exhaust; (8) compression and intake to crank 
case; (4) explosion. 

When the piston travels up, a vacuum is formed 
in crank case which causes the gas to be sucked 
in through crank case inlet port or check valve. 

When piston travels down a pressure is formed 
in crank case (5 to 9 lbs), which forces the gas in 
crank case through "by-pass” into cylinder. 

A "baffle 
plate” (D) pre¬ 
vents fresh g&s 
from heading to¬ 
wards the ex¬ 
haust. 

Note when pis¬ 
ton is down, pres 
sure in crank case 
forces the check 
valve of carbure¬ 
tor to close (fig. 

1). When piston 
is going up, the 
vacuum formed in 
crank case sucks 
check valve open 
(flff. 2.) 

♦On a four-cycle 
type of engine 
this would re¬ 
quire four move¬ 
ments of piston 
or two revolu¬ 
tions of crank, 

(see page 58.) 


KABT NO. 812—-Principle of the Two-Port Two-Cycle Type of Internal Combustion Engine. 
(See page 757 for other details of a two cycle engine.) 




Fig. 3. When a mixing valve is used the check 
valve is a part of the mixing valve. 

When a carburetor Is used with a * 'two port” type 
of engine ■ check valve must be used as shown above 
(figs. 1 and 2). A carburetor can be used however 
with * three port type without a check valve am Ike 
port is opened and closed by piston. 
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reverses the direction of propulsion) in the place 
of a speed gear and reverse. (See Dyke’s Motor 
Manual.) 

Stationary Gasoline Engine. 

This type of internal combination engine is usu¬ 
ally of the four cycle type. The cylinders are 
large in diameter and the stroke is usually larger 
than the bore. The speed is slow (160 to 600) 
but constant. * 



A governor 1s used to keep the speed at a cer¬ 
tain number of revolutions and it is due to the 
governor action on a stationary engine that you 
will hear exhausts at uneven intervals. 

♦Governors are divided into two general types; 
the “hit and miss’’ type and the “throttling’’ 
type. 

The “hit and miss” principle is generally used 
with engines using gasoline as fuel and the “throt¬ 
tling” type, with engines using kerosene or lower 
grades of fuel. The reason why these two prin¬ 
ciples are used is explained in Dyke’s Motor 
Manual. 

The fuel may be either gasoline, naphtha, kero¬ 
sene or any one of the many other petroleum 
products of low grades, when properly heated. 
Natural and artificial gas are also used. 

Ignition is usually jump spark on small engines 
and wipe spark, page 216, or similar to the “make 
and break,” on larger engines. 

On some of the engines using a low grade fuel, 
no ignition is used at all. as for instance the 
Diesel engine. On others, a hot tube is pre¬ 
heated and serves for ignition. The latter re- 
ouires complete vaporisation of the fuel—all of 
which is covered in Dyke's Motor Manual. 



The “hit and miss” governor action is shown 
in fig. 20. When speed of engine increases more 
than governor is set for, the ball (B), by centri¬ 
fugal action, assumes position (Bl). This causes 
eccentric sleeve (A) to allow pick-blade (B) to 


catch in notch part of (M). This holds open the 
exhaust valve and also prevents the spark contact 
(M) coming in contact with (K), cutting off the 
ignition. When the speed decreases, the ball (B) 
assumes slow speed position which causes eccentric 
(A) to move out from hub of fly wheel and discon¬ 
nect “pick-blade” or “detent-rod” from notch in 
(M) and the engine fires again and exhaust valve 
assumes its regular work until speed increases 
again, at which time the same action is repeated. 
This cutting in and out by governor is why the un¬ 
even impulses one notices on a stationary engine. 

Throttling type governor controls the admission 
of gas into the cylinders instead of cutting off the 
spark. Principle is shown on page 154, fig. 5, and 
pages 840 and 841. 


Aero Engines. 

Differ but little from the regular automobile 
engine, see pages 900 to 920. 


♦♦Diesel Engines. 

Are. used quite extensively for stationary pur¬ 
poses. It is also the type used on submarines. 
The fuel is a low grade of oil and ignition is ac¬ 
complished by air compressed to several hundred 

f tounds pressure, resulting in Its temperature ba¬ 
ng raised sufficiently to ignite the fuel injected 
into cylinder, (see pages 758 and 587.) 


Two Cycle Engine. 

The two cycle type of engine is especislly 
adapted for small powered launches, where light 
weight and medium power are the main requisites. 

The two cycle engine is divided into three 
types; the “two port” which is adapted for slow 
speed, the “three port” high speed and the com¬ 
bined “two and three port,” suitable for power 
work. 

The fuels most generally used are gasoline and 
kerosene, and on heavy duty commercial boats a 
still lower grade of oil is used; but on larger en¬ 
gines of this type, the four cycle principle is 
most generally employed. 

The two cycle or “valveless" type of engine 
derives its name from the fact that the gas is let 
into and out of cylinder through “port-holes" as 
they are uncovered by the piston. These ports 
take the place of valves as used on a four cycle 
engine. 

During two movements or strokes of the piston, 
the four operations of, intake, exhaust, compres¬ 
sion and explosion occur, (see page 756.) 

On a four cycle type of engine, page 68, this 
would require four movements or strokes of the 
piston. 

The terms two-cycle and four-cycle are not ap¬ 
propriate. Originally the terms were two-stroke- 
cycle and four-stroke-cycle, and these were the 
more nearly correct. See page 756. 


Gas Producers. 

Are not internal combustion engines, but are 
generators of gas from hard coal, coke or charcoal. 

There are two types, the pressure type and the 
suction type. The pressure type stores the gas 
into a tank or gasometer. The gas is then sup¬ 
plied to any regular type of gas engine as a fuel. 

With the suction type, the gas is generated in 
the gas producer, then passes through a washer 
and is then drawn into cylinder of engine by 
suction of piston. See Dyke's Motor Manual. 


♦See pages 839 to 842, 153 and 154 for throttling type governors. **One manufacturer of the Diesel 
Engine Is the Busch-Sulzer Diesel Engine Co., 2nd and Utah Sts., St. Louis, Mo. 
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Diesel Four Cycle Operation. 

Stroke 1—Admission, During this stroke the 
piston travels downward and the cylinder is filled 
with air only—at atmospheric temperature and pres¬ 
sure, no fuel being introduced into the cylinder 
during this stroke. 

Stroke 2—Compression. During this stroke the 
piston travels upward and the air taken into the 
cylinder during the preceding stroke is compressed 
to about 500 pounds per square inch, resulting in 
its temperature being raised to about 1000 degrees 
Fahrenheit, or sufficient to positively ignite any 
liquid fuel injected into it. No fuel is introduced 
into the cylinder until the completion of this stroke. 

Stroke 3—Power or working stroke. When the 
piston has reached the upper end of the compres¬ 
sion stroke (or slightly in advance) the fuel valve 
opens and a measured quantity of fuel oil is grad¬ 
ually injected into the cylinder through the ato¬ 
miser which breaks it up into a finely divided 
spray, the orifices in the atomiser being so pre¬ 
portioned that at full load tho admission of fuel is 
distributed over about 10 per cent of the power or 
working stroke, the rate of admission being smch 
that there is no appreciable rise of pressure within 
the cylinder beyond that of compression pressure. 

The quantity of fuel oil delivered to the atomiser 
chamber is adjusted to the various load require¬ 
ments by the action of the governor upon the fuel 
pump. 

The Injection air at 760 to 960 pounds per square inch la furnished by a small two or three stage 
compressor, driven from the engine shaft. To prevent the possibility of preignition, this air is thor¬ 
oughly cooled before being delivered to the atomiser. 

When tho measured charge of fuel has passed into the cylinder, and during and following combus¬ 
tion, the gases expand and drive the piston downward. When the piston reaches the lower end of the 
stroke (or slightly in advance) the exhaust valve opens and the remaining pressure is released to 
atmosphere. 

Stroke 4—Exhaust. During this stroke the exhanst valve remains open, the piston travels upward 
and the products of combustion are expelled from the cylinder, completing the cycle. 


Principle of the Diesel Engine. 

The general arrangement of the valves and fuel Injection apparatus of the Diesel motor, as illus¬ 
trated in Edward Butler’s book on • ’carburetors, vaporisers and distributing valves," is shown iu fig. 2. 

The cylinder O has very little clearance between the top of the piston F and the bottom of the com¬ 
bustion chamber B at the end of the compression stroke, at which moment the injection valve operated 
by the lever J will be opened, to permit the injection of a charge of fuel forced (during about 20 de¬ 
grees of tho crank revolution) from the supply pipe P assisted by an atomizing charge of super-compressed 
air through the pipe D. 

The cage containing the injection valve is water-jacketed, water entering and leaving by pipes W. 

The operation of the air admission valve A and the 
exhaust valve E is mechanically controlled iu the con¬ 
ventional manner. The movement of the fuel-admis¬ 
sion valve is very slight, giving a narrow annular open¬ 
ing for the entry of the oil. Surrounding the valve 
spindle are. a series of brass washers perforated par¬ 
allel to the spindle by numerous small holes. 

The oil is pumped into the space around tho valve 
spindle near its middle, and by capillary action finds 
its way between the washers and into tbo perforations. 

The air for fuel injection is admitted behind the oil; 
and because of its high pressure, blows the oil into 
the cylinder when the valve opens. 

The amour# of oil admitted is regulated by the gov¬ 
ernor, which controls the time of opening of a by paaa 
connecting the discharge and suction sides of the oil 
pump. At light loads the oil is pumped to tho fuel 
valve for part only of the admission period, and air 
alone will enter past the valve for tho remainder of 
the period. 


Fig. 2—Section of the Diesel engine. The. oil 
is forced into the cylinder by air pressure. 




CHART NO. 312-A—The Diesel Engine. Note second paragraph from top, how the fuel is ignited. 
(Electric ignition is not used.) 
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1- Tire tools. 

2- P u m p s, 
blocks end 
heavy tools. 

3- Extra tubes 
and tire re¬ 
pair. 

4- Bolts, nuts, 

5- Gas can. and small re- 

6- Oil can. pair parts. 

7- Bolts, nuts, screws. 

8- Small repair parts. 

8-Tools. 

10-Towing dolly, shovel, axe, pick, bars, battery, spare 
tires, etc. 
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How To Make a Service Oar. 

A service car is necessary in all up-to-date garages. It bears the same 
relation to a service station as does an ambulance to a hospital. It is a travel¬ 
ing representative of the service station and should impress the public that 
quick, clean and efficient service is given. 

Any old chassis can be utilised for the purpose and by following the 
dimensions in table, flg. 7 a very attractive and serviceable car can be con¬ 
structed. 

One very important point to bear In mind is that the service wagon must 
be attractive in appearance—clean, well-painted, and it must run smoothly' 
and quietly. 

It will be one of the best investments you can make. 

Painting: For example, cars giving Ohalmers service are painted English Ver¬ 
million, with black hood and running gear. Hudson service cars are white, with 
black trimmings. If the dealer is giving service on a particular make of car he 
should And if a standard service car color is used. If not the car may be painted 
any bright color that will give distinction. 

Tig. 1—After studying hundreds of service cars in dosens of the largest cities 
and many smaller ones, Motor World believes that a design of this general kind is 
best. Note particularly the method of carrying the towing pole, the Jack mounting 
on the running board and the location of the several spot lamps. 

Tig. 2—Here is a detail drawing of the body shown above. The lettered dimensions on the drawing 
are given in the table flg. 7; the figures refer to the location of the various tools and accessories. 

Pig. 8—An alternative type of body, built especially for very light chassis, often is desirable, in which 
com the arrangement can be made something like this. This is a body that is used quite successfully by 
the Chevrolet company in Detroit. There is an almost endless variety of arrangements, and in laying out 
a car a shop foreman should be guided by the particular class of work he expects to be called upon to do. 



Tig. 4—This is a view of the interior of the service car shown in flg. 1. Note the chocks and the neat 
arrangement of the tools, the seat at the right not being shown, so that the compartments are visible. 

Tig. 6—This is a detail drawing of the jack mounting shown on tho service car illustrated in flg. 1. 
In this case 5-ton jacks are carried, though any sise can be substituted. Get them big enough to care for 
the heaviest work to be done and they will also serve for light work. 

Tig. 8—The service jacks can be carried bolted to the running board, like this, thumb-screws being 
used for quick action. 

Tig. 7—This table of dimensions, which is to go with the drawing flg. 1, has been compiled after a 
careful and critical study of hundreds of service wagons. The figures given are intended to be for average 
requirements of the average service car built on the various chassis which are listed in the table. 


CHABT HO. 818—A Service Oar; How To Construct. (See pages 821 and 822 for converting a 
Fotd car for Commercial use.) 

(Prom Motor World, by Mr. 8. Thornton Williams.) 
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Fig. 3 —A tmpge*tat Mg Oeoi,gn for cJom mu4 tolmd rMUtMcr towering Fig. 4—One wag to fit auxiliary oil tgitem when l««k »• •( corn 


carried at the rear im a way that adds to the appear¬ 
ance. The dash is sloped slightly, and the steering 
wheel brought down so as to make steering easy with 
the seats in this low position. Sometimes running 
boards and mudguards are entirely eliminated ae 
shown, with steps at the side to assist in getting 
into the car, while often the owner prefers to have 
the mud-guards as a matter of protection. They 
retard the speed a little where fast driving is the 
thing most sought, but it is a question if they do 
not also add to the appearance. Usually the hood 
is sloped somewhat as an added feature Undoubt¬ 
edly a high, narrow radiator (page 100) also doea 
its part in improving the looks, but this is carrying 
the alterations to quite an extreme. 

Wind resistance Is quite a factor in hampering the 
speed of a car, far more of a factor in fact, than 
most motorists realise. To attain greatest speed, 
the head resistance, by which is meant the surface 
against which the wind strikes, must be made aa 
small as possible, and the body muBt be so smooth 
along its length that there are no obstructions 
against which the wind can strike and thus form 
eddies. In other words, the air should be allowed 
to slide along the body without having to come in 
contact with lamps or other obstructions. 

Getting streamline effect: This is the streamline 
idea, and in ord«-r to carry it out best, the radiator 
should be as narrow as consistent with proper cool 
ing. the hood should slope, and the rear should 
taper. If a taper tail is fitted, this forms the moot 
perfect form of body so far as wind resistance is 
concerned, providing the rest of the body conforms 
with it. Tires and gasoline tanks obstruct the air, 
and wherever possible they should be placed with¬ 
in the tail, if one is fitted. It is not always easy 
to keep some parts from offering wind resistance, for 
generally the spare tires have to be carried outside. 
Two body designs that carry out the wind resistance 
reduction theory very well are shown in figs. 2 and 3. 

Thus, even if the engine and gear ratio are not 
altered at all, more speed is obtainable by cutting 
down the wind resistance and fitting the lighter 
body. Usually from 10 to 15 miles per hour is 
added to the possibilities of the vehiele by these 
chanson alone and sometimes, with engine specially 
tuned for speed work though timing and valves are 
not altered, it is possible to get even more. The 
reduction in wind retardation, however, permits of 
raising the gear ratio sometimes where It would 
not be practicable to do so otherwise. Often if a 
car is fitted with a standard ratio of 4 to 1, say. 
this can be raised to 8 to 1, if the other factors 
have first been changed. 


1 Fig. 6 —Metre oil took at top of motor, oopplg from which to can-1 


Generally speaking, the replacing of the old body 
with a raceabout type is the most Important con¬ 
sideration in rejuvenating an old one, but usually 
the steering column has to be lowered and some¬ 
times a leaf removed from each of the springs to 
make up for the lighter body, although this latter is 
not essential by any means. All too often, old cars 
have springs that are too weak for the heavy 
bodies with which they were originally burdened, 
and these prove just about right for the lighter 
bodies. 

Changes in the valve timing are often made to 
assist in the speed possibilities, and sometimes dif¬ 
ferent axle gears are used so as to raise the ratio 
between engine and wheels. It must be borne 
in mind, however, that many chassis and engine 
changes of this kind will work to the disadvantage 
of the car for slow running. They will serve to 
make the machine faster, but they hamper the en¬ 
gine’s ability at low throttle running. In other 
words, it will not have the flexibility on high gear. 

Body being the first consideration in making a 
speedster, it might be well to take up some of the 
possible designs. For Fords* the combinations offered 
by concerns making a business of this kind of work 
are indeed attractive. Tou can get a complete out¬ 
fit of radiator, hood, floor boards, rear gasoline 
tank, and body in the neighborhood of 9100, and 
it is surprising what a difference these make. Other 
concerns make a specialty of the body proper ex¬ 
clusive of radiators, hoods, tanks, etc., and it is 
also possible to get bucket seats alone, so that, with 
a little ingenuity quite a presentable racy-roadster 
can result from combinations with old chassis. 

Dressing up the cars: The illustrations here¬ 
with are suggestions as to how to dress up the 
chassis in several ways. Many of the most attrac¬ 
tive of the types that have come to our attention 
have been made by enthusiasts, with the assis¬ 
tance of a tinner or other tradesman of similar ex¬ 
perience. The usual form of racing roadster is 
shown in fig. 1. 

This has bucket seats that are attached directly 
to the floor with gasoline and oil tanks and tires 


OHABT NO. 814— Re-Designing and Speeding Up Old Cars. (From Motor Age.) 
*8ee also Ford Supplement. 
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Some of the mechanical points that can be 
changed are the carburetor setting, adjusting it 
so that while it may not allow the engine to 
throttle down so well, it works better at the higher 
speeds. Usually this is the result of making the 
mixture leaner, and It ordinarily has the added 
advantage of preventing the engine from getting so 
hot. 

The magneto or other ignition apparatus can 
also be altered to conform to the higer speeds, this 
usually being a matter of setting the timing ahead 
a slight amount, the exact extent of which depends 
entirely upon the engine. 

More power, and consequently more speed. Is of¬ 
ten obtainable by reducing the vibration through 
accurately balancing the pistons.* In other words, 
a set of pistons of exactly the same weight should 
be used if possible. Often speed bugs have gone 
so far as to drill the connecting-rods in order to 
lighten these reciprocating parts as much as pos¬ 
sible, but this ordinarily is not advisable, for the 
rods are undoubtedly weakened thereby, and not 
being designed for such treatment, they often will 
not stand the strain (determined by amount of 
stock in rods). 

Extra lubrication is often advisable where the 
owner wishes to maintain excessively high speeds 
for any length of time. This can very simply be 
attained by rigging up an auxiliary supply that 
will feed directly into the crankcase. An easy 
scheme to employ is shown in fig. 4, chart 814. A 
hand pump is pivoted to the floor of the car as in¬ 
dicated, and an air line runs from it to the top 
of the oil tank at the rear. The delivery pipe from 
the oil tank to the crankcase runs from the lower 
side of the tank, and thus the air pressure due to 
the hand pump forces the excess oil to the engine. 

Sometimes an auxiliary oil tank is fitted to the 
engine and under the hood if there is room. There 
is a pipe connecting from the bottom of this to the 
crankcase, and a‘ valve is Interposed in the pipe to 
allow of controlling the oil from the seat by means 
of a rod. 

Such auxiliary devices as these and the altering 
of the camshaft and valves are extremes to which 
the average man cannot go, although they are con¬ 
ducive of surprising results where intelligently car¬ 
ried out. (see Ford Instruction.) 


Racing Oar Exhaust Effect. 

Fig. 6—The low rum¬ 
ble In tho exhaust of a 
racing car is due gener¬ 
ally to the design and 
construction of the en¬ 
gine. One method to ob¬ 
tain this effect is to mag¬ 
nify the sound as m 
fig. 6. This shows a 
large sheet steel cylinder. 

A, fitted with a conical- "?? **« *—■?* * *- 

shaped head into which 

the exhaust pipe is led as shown. The end of the ex¬ 
haust pipe should be flared, as shown at B. The 
rear end of the cylinder A is covered with a 
metal cap into which several holes have been made. 
We have seen this arrangement used very success¬ 
fully on a small high-speed engine, the exhaust of 
which sounded like a high-powered racing car. 
Many of the racing cars give out a metallic sound¬ 
ing exhaust because the exhaust pipes and headers 
are made of thin metal. This thin metal will vi¬ 
brate under the periodic exhaust impulses and set 
up a peculiar ring of its own. Of course, the 
thinner the exhaust pipe the better will be its ra¬ 
diating effect. 




CHART NO. 814-A —Re-Designing and Speeding Up Old Oars — continued. 

The different methods employed are shown in the dotted lines. For instance in the Buick model SO. the idei 
is shown whereby bucket seats are Installed and a cowl is built around the seats. The gear ratio is changed tc 
8% to 1. *8ee page 781. See also Ford Supplement where to obtain aluminum pistons, etc. 
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Addresses of Body Builders. 

Following are the addresses of a few 
concerns who specialise in bodies made 
te order: Charles E. Schutte, Lancaster, 
Pa.; Auto Remodeling Co., 1501 Michigan 
▲venae, Chicago; Detroit Auto Products 
Co., 88 Sherman Street, Detroit; Lehman 
Mfg. Co., Cannelton, Ind; Auto Sheet 
Metal Works, 2801 South Wabash Avenue, 
Chicago; Wright, Cooler A Hood Mfg. 
Co., 4867 North Clark StVeet, Chicago, etc. 
Submit sketches for quotations from the 
above concerns. 



Wire wheels— 
help the appear¬ 
ance of a car. 

Some of the man¬ 
ufacturers are: 

Standard Roller Bearing Co., Philadelphia, Pa.; Oraftssun 
Motor Corp., 2815 Wabash Ave., Chicago; Great Westers 
Wheel Co., La Porte, Ind.; Houk Mfg. Co., Buffalo, N. I.; 
Castle A Kyte, Detroit. Mich. 


OHABT NO. 315 —Re-Designing Old Oars— continued. 

(Motor Age.) 
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The Stanley 

Bngin+-—double acting, taking steam at each 
«nd of cylinder. Slido valve—built in a unit with 
rear axle and driving through a spur gear on dif¬ 
ferential (QD) (fig. 8). Crank shaft .spur gear 
(DO) is the drive gear on engine. 

The Tatra which control the admission and 
exhaust are operated from eccentrios on the crank 
shaft and through a link motion (LM), through 
(L8S) which is connected with left pedal (fig. 2) 
and controls the range of motion of the valve. 

There are three passages when the valve is open 
for a large part of the stroke. This admits steam 
at boiler pressure and shuts the valve a certain 
distance before the piston reaches the bottom of 
its stroke. For the rest of the traveling the pis¬ 
ton is driven by the expansion of the steam. 
Pressing the pedal (T) forward until it catches 
or books up causes the valve to close earlier. 
This means that less steam is taken from the boiler 
and the piston is driven a longer distance by the 
expansion. This, of course, is more economical 
of steam and the condition for normal running. 

The longer valve opening is used for starting 
and practically for nothing else. With the pedal 
pressed forward the operation of the valve is re¬ 
versed so that the engine will run backwards, 
this giving the reverse motion. 

After leaving the engine, the steam goes to 


Steam Oar. 

feed water heater thence to the top of the radiator, 
upon passing through which it condenses into 
water and this water flows back to the main tank. 
Differing load and road conditions entail the loss 
of some steam, and it is this loss which has to be 
made up by refilling the water tank. However, 
sufficient water can be carried for 200 to 250 
miles of ordinary running, or, in other words, it 
takes this amount of ordinary running before the 
slight loss of steam is equivalent to the whole 
tank fall of water, which is about 20 gal. and is 
placed underneath the car, below frame. 

Boiler—-Fire tube type. The flues being welded 
by the acetylene process to the bottom head. 

Burner—Just as we have to open the throttle 
when we want more power from the gas car, so 
do we want more heat from the burner when we 
want more power from the steam car. 

How kerosene is used: The kerosene under 
pressure is first led through a long coil placed on 
top of boiler, where the exhaust gases of combus¬ 
tion yield up part of their waste heat, by pre¬ 
heating tho kerosene. From this top or heating 
coil the kerosene passes by way of the automatic 
control and main burner valve to the vaporiser 
(located in the fire) here the hot kerosene is 
transferred into a true gas and after being mixed 
with a definite amount of air is burned with the 
blue ' 'Bunsen’' flame. 


Questions Answered Relative to the Stanley Steam Oar. 


(Q-l) Where is the engine located f 

(▲-1) The engine is located on the rear axle 
and supported from the rear axle differential hous¬ 
ing. It is swung at other end, from the car 
frame by means of a spring strap hanger. 

(Q-2) How does engine drive rear axle! 

(▲•2) The engine frame made up of four mem¬ 
bers, are carried through the differential housing, 
turning in an oscillating bloch at that point. Thus 
the engine and rear axle become a unit. The 
gear teeth of the engines main drive meshing 
wdth those of the differential. 

(Q-8) What is the ratio of gearing! 

(A-8) This depends upon the site, power and 
typo of ear employed, in the older models it is 
2:1 and in the later models ltt:l. 

(Q-4) Where is boiler located! 

(A-4) The boiler is located in front of the 
dtflh, underneath the hood and behind the cen- 
densor which is also a radiator. 

(Q-5) What steam pressure is usually carried! 

(A-5) All stock cars, regardless of model 
operate on 600 pounds pressure normally. How- 
over for speed purposes this pressure is run 
v»p ns high as twelve hundred to fifteen hundred 
pounds. 

(Q-6) What is the average time required to 
raise sufficient steam pressure when cold! 

(A-6) The initial time of steaming a car when 
cold will take approximately fifteen minutes. This 
includes filling of the tanks and boiler, as well 
as the raising of steam pressure. 

(Q-7)What time if standing awhile after hav¬ 
ing been used! 

(A-7) No time whatever required for raising 
running pressure. Inasmuch as that prossure has 
been maintained. 


(Q-8) What is the fuel consumption! 

(A-8) One of the Stanley five passenger, big 
touring cars was run for three consecutive months, 
making an average of twelve miles per gallon of 
coal oil. On long runs, this figure is increased 
as high as sixteen or seventeen miles per gallon of 
coal oil. 


(Q-9) How are the various speeds controlled! 

(A-9) From sero to the world record, is 
obtained by the opening of the throttle, the handle 
of which is located on the steering wheel. There 
is no other movement on the part of the operator 
for increasing or retarding his speed, other than 
the throttle. 

(Q-10) What is the water capacity and con¬ 
sumption ! 

(A-10) The water capacity is 20 gallons car¬ 
ried in a tank, beneath the car frame and filled 
through a radiator. This capacity is sufficient 
for a days run. We have known it to go as high 
as 850 miles. 

(Q-ll) Mention the control levers, valves, etc. 

(A-ll) When starting out with a car, a valve 
is opened which places the car under automatic 
control from that time on. When brought to a 
stop, this valve is closed. The operating controls 
are the throttle, the service and emergency brakes 
and reverse. 


(Q.12) Where are control parts located! 

(A-12) The throttle subimposes on steering 
wheel. Tho foot brake, usual position. Reverse, 
a foot brake. The emergency, a handle brake, 
located on the side of the car. 


(Q-18) What are the advantages of a steam 
car! 

(A-18) Entire lack of vibration; freedom from , 
gear shifting; absence of clutch; absolute flexi¬ 
bility; more power per weight than is possiblo in 
gasoline cars; a car that cannot freese up in 
winter weather; simplicity of controls, but 82 
moving parts, counting the wheels, low cost of 
upkeep; greater tire mileage; small depreciation 
factor; no smoke or steam visible in cold weather. 


(Q-14) What are its disadvantages! 

(A-14) These have in later models been over¬ 
come, but formerly they were: shape of hood; 
necessity for firing up; likelihood of freeaing; ne- 
nessity of taking on water every fifty miles (be¬ 
fore condensing system used); steam in street. 

Note:—The above questions were answered by 
Mr. M. H. Ward of the Stanley Motor Oar Oo. of 
St. Louis, Mo. Mr. Ward also supplied other data 
for this subject. 
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PDG—pump drm 
fpftr. CP—crank 
pi a, PO-—pump 
crank. LSL—link 
ah i ft lever. I. 2 
8. 4 — eccentric 
rod straps. LM— 
link motion. 


Fig. 8—Stanley engine, rear axle and pump gear. The pumps 
are really mounted forward on chaaaia and are driven by a 
crank off rear axle. Electric generator also rear axle driven. 




Tig. 8—Control of car: The left pedal givee 
the two valve positions for forward running and 
the reverse. (T) is pressed forward half way 
after starting and left there. (F) is the revere# 
pedal, and is pushed full forward when ear te 
reversed. The right pedal operates the serviee 
brako, the lever, the emergncy brake. The 
throttle is the only control used while run¬ 
ning. A little lever partly concealed by the 
throttle lever, is for shutting off the fuol 
when making a long stop. When starting from 
dead cold, the valve turning gasoline into the 
main burner is used. On dash the left gage, 
shows the fuel pressure and is seldom looked at. 
The right gage is the steam pressure. In the 
center Is the water glass that is only carried as 
an emergency indicator in the event of any 
trouble in the water feed system. 



Fig. 4—Stanley Burner—A is the gasoline 
nozzle for the pilot light and B A 0 the two 
main burner nozzles for coal oil or main fast 



Fig. 5—-Diagram of water system of Stanley steam 
ear. Water is pumped towards the boiler by one or 
two pumps, according to the positions of the hand 
valves A and B. After reaching a proper level in the 
boiler the release valve R is opened and the water then 
goes back to the main tank, whether the pumps are both 
working or not. In practice the left pump always is in 
use subject to the automatic control, and the right pump 
is hardly ever called into service, but doubles the 
supply for emergency use. 

Uniform water level; when water reaches a certain 
height, it is forced to return to the supply tank, by 
an automatic by pass, thermostatically operated. 



Fig. 6—Diagram of fuel system of Stanley steam car. 
The gasoline only supplies the pilot light which never 
goes out and the consumption is small, so the sise ef 
the tank is exaggerated in the cut. Kerosene, the op¬ 
erating fuel, is carried in the rear tank and pumped 
to the pressure tank from which the burner takes its 
supply. When the steam pressure reaches a prede¬ 
termined point the supply of fuel is cut off and the 
kerosene pumped is allowed to go back to the main 
tank. The heavy black line in the cut indicates the 
kerosene supply, the broken black line the return 
lines for surplus, and the grey lining gasoline. 


CHART NO. 816—The Stanley Steamer. DG—spur drive gear on engine; GD—differential gear in mesh 
rilh..it: DP—differential drive pinion; DG—(lower) differential gear mesh with generator; OR—connecting 
-connecting rod yoke; SV—slide valve; CHG—cross head guides. 
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The Dome Steam Oar. 


How the Dofala Differs from the Stanley. 

Id—DobLe boiler is of the wufcar tube type. Sts&i 
ley holler Is of the fire tube type, 
lad—Doble boiler eon gist a of 28 sections, placed 
in mo maul a Led using, Stanley boiler is in 
reality a biff drum standing over the bur¬ 
ners. 



% t-ffuvr iri rin m Jla p i e *t t*4 (MU, x*+rn w, The *«to •/ neHlw, 

* e- in 1 1 ■ ■ n< p-4 h. Ii n a m e i> it. u** Hr prartf*. It to 
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Iwt rw Itoeer wlp u airM tame* 1 iMlA 4lP w l tol #M to raptolM 
■.liulir.il, l| Ur <ir*« PIWP. 


8rd.—Doble has no pilot light, (mixture ignited by 
electric spark.) Stanley has only a pilot 
light for ignition. 

4th—Doble uses kerosene to* both starting and 
running. Stanley uses gasoline for starting, 
kerosene for running. 

5th—Doble elide valve used only for admission ef 
steam to engine cylinder. Stanley elide 
valve regulates both admission and exhaust. 

6th—In the Doble the exhaust steam goes direet 
to radiator. In the Stanley the exhaust 

f >asses through a feed water heater befere 
t goes to the radiator. 

Features of the Doble. 

Sectional boiler; 20 sections used for generating 
steam and 8 sections used for feed water beater 
or eeonomiser. 

Absence of pilot light: This is a radical de¬ 
parture from the usnal construction. 

Kerosene for starting; as well as for running. 

Wide pistons; necessary on account of pisteaa 
having to open and close exhanst port (similar 
to a 2 cycle gasoline engine) and is termed the 
uniflow principle. 

Absence of eccentrics; valve gear is a modified 
form of the 44 Joy valve gear 4 * in which modifica¬ 
tion the 4 ‘correcting** and 44 anehor links 44 are 
eliminated, thus simplifying the construction. 

Final drive (gear ratio) is almost 1 to 1, via: 
47 teeth in drive gear and 49 in differential. 

A condenser is provided so that the steam ie re¬ 
converted into water—and used over and over 
again. 

Lubricating oil is mixed with the water for lu¬ 
brication of cylinders. 


A Motor Boh—Wheel Drive. 

Hiding board 14* wide x thick. 2—7* strips may be used, but a single plank is best. Two 

1x3* pieces trengtben it. Two running boards hung on steel brackets offer foot rest for passengers. Sleds 
uikDfitil be made of bard wood with sieeJ runners. 

Engine motorcycle type. Mounted in frame of %* round stork per fig. 3. Weight of bob is not 
carried on the wheels, therefore twn heavy coil springs forces wheel to ground (fig. 1), by pull on frame. 

Also note the skid chain on 
motorcycle wheel to give it 
traction. Steering is shown in 
fig. 2. 

Propeller Drive 




is shown in fig. 4. Not recom¬ 
mended for narrow gage bobs. 
Has advantage over the wheel 
in that wheel has difficulty of 
obtaining traction in' soft snow 
or broken roads. Better ask 
some aeroplane propeller manu¬ 
facturer if propeller is used, as 
to revolutions and size. 



Eaat no. 810A— Doble Steam Oar. A Motor Bob. (Automobile.) 

'■* Doble steam car is manufactured by the Doble-Detroit Steam Motor Car Oo M Detroit, Mich. Stanley, by 8tanl*i 
Li «s Car Co., Newton, Mass. j 
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FORD SUPPLEMENT. 



GHAUT NO. 817 — Sectional View of the Ford Car Showing the Names and Location of Parts. 

See Insert No. 2 for half tone view of Ford power plant. See page S44-A for Ford Electric Starter. 




































































































































































Supplement 

ON THE 

FORD 

(Model T) 

TREATING ON 

PRINCIPLE OF CONSTRUCTION, OPERATION, CARE AND REPAIR 
TOGETHER WITH USEFUL AND INSTRUCTIVE 
HINTS AND SUGGESTIONS. 

I ALSO TREATING ON FORD TRUCK, TRACTOR AND HOLLEY VAPORIZER. 


INDEX TO FOBD SUPPLEMENT 


(8m colored insert for beginning of the General Index to this Book) 


A 


Adjusting bands . 

' * bearings. 

. 44 brakes. 

4 4 carburetor. 

44 carburetor, line points of 

4 4 clutch fingers . 

44 coil. 

44 connecting rod. 

4 4 differential.. 

44 fan blade . 

44 wheels. 

44 steering gear . 

Address of part manufacturers.... 

Air gap clearance of magneto. 

Air pressure for racing . 

44 valves and priming methods . 

Alignment of crank shaft . 

Alignment of pistons. 

Alignment of wheels .. 

Aluminum pistons .. 

Amperage at various speeds.. 

Atwater-Kent ignition . 

Auxiliary air valves .. 

Axle straightening . 


Page 
770 to 770 

.787 

.781 

.798 

.802 

.776 

.808 

.786 

.781 

.788 

.774 

.778 

.820 

. 807-864-J 

.816 

.801 

.792 

.659 

.774 

.792 

.770 

..809-810 

.801 

.782 


B 

Ball and socket joints.778 

44 cracked.774 

Bands, cause of wear.777 

Band linings, sise of.777 

Bands, removing and replacing (transmis¬ 
sion) . 777-778 

Batteries (storage) for lighting.812 

Bearings, adjusting of.787 

44 of transmission .T76 

4 4 reamer .792 

4 4 removing of . 787 

Bodies combination .821 

Boiling water .788 

Brakes.781 

Brake and reverse bands, tightening of.777 

44 band lining, size of.779 

4 4 drum .780 

44 fails to hold, cause of..777 

Bushings in spindle .778-792 

Bushings, removing of.778-792 


C 

Carburetors .798 to 799 

Carburetor adjustment.798 

44 adjustments, fine points of.802 

44 for racing .815 

44 float adjustment.798-799 

44 Holley .799 

44 Kingston .798 

44 mixture explained .801 

4 4 mixture control .802 

44 pointers .800 

44 Schebler (Pitot) principle .800 

44 troubles .800 

Car creeps forward, when cranking.776 

Carbon cleaning .790 

Cam gear, number of teeth ..*.... 770-785 

C. p. of lamps (candle power).770-812 

Cam shaft for racing ...814 

44 shaft, removing of .788 

Chamfering piston ring..*.... 793 


Page 

Changes on later Fords ..766 

Charges for overhauling .794 

Chassis .766-770 

44 for commercial use .821-822 

44 division into units .770 

Chattering noise in transmission.776 

Cleaning carbon .790 

Cleaning oil pipe . 709 

Cleaning radiator .789 

Clearance of air gap of magnets.807-864-J 

Clutch adjusting screw .776-777 

4 4 assembly.779 

4 4 control.776 

44 dragging and slipping, cause of.776 

44 in neutral .776 

44 spring.779 

44 spring compressor.819 

44 tightening of .779 

Commercial bodies .821 

Commutator.805 

Commutator, oiling of .772 

Compression pointers.790-817 

44 increasing of .798-817 

4 4 poor.790 

Commutator, removing of .804 

4 4 troubles.804 

Commercial type cars .822 

Connecting rod bearings removing and adjusting 786 

44 rods for racing .817 

Control of car.771-777 

11 movements of levers. 777 

Converting Ford for commercial use.822-828 

Ford into 7 types of bodies.822 

Coil adjusting .808 

4 4 box .803 

4 4 units .808-803 

44 unit defective .808 

Cooling system specifications.770 

44 when racing.814 

Cost of operation .766 

Cranking engine .771 

Crank case loa’er cover size cap screw.786 

Crank shaft alignment .792 

Crank shaft bearings .787 

44 shaft, removing of.788 

Cut-out and muffler.819 

Cylinder, enlarging of .792-818 

44 high compression .816-798 

44 head bolts broken off.796 

44 head cap screw, size of.788 

44 head gasket, replacing of.790 

44 head, removing of .788-787 

44 over lubricated .798 

44 reamer.792 


D 


Data on Ford, condensed.770 

Dead points (magneto).805-265 

Demountable rims and wheels.623 

Differential .781 

Differential greasing of .772-782 

Dimming lights .429-796-487 

Disassembling rear axle .780 

Dragging clutch .776 

Draining oil .772 

Dressing vibrator points.809 

Drive shaft and housing.780 

44 systems for commercial use.822 

44 pinion, removal of .780 

Dry cells for starting.804 


Copyrighted 1917, 1918 and 1919, by A. L. Dyke. St. Louis, Mo. 
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FORD SUPPLEMENT INDEX. 


E 


Pace 


M 


Far - 


Klefetric lamps, votlage of. 

“ lighting. 

* * system. 

Engine, device for raising ... 

44 enlarging cylinders ... 

44 fails to start. 

41 firing order (Insert No. 

44 knocks. 

44 lacks power. 

4 4 lubrication . 

44 names of parts. 

44 numbers, where to find 

4 4 overheat® . 

Engine removing from frame.. 

4 4 4 ‘running in’* . 

44 sectional view . 

44 speed, miles to minutes 

“ speed, how to tell. 

44 specifications . 

44 stand . 

44 starting of . 

44 starting, cold ^resther . 

44 stops suddenly . 

44 taking down . 

4 4 troubles. 

44 valves, location of. 

44 when new . 

Exhaust and Inlet for racing... 


. 770-812-864A-434 

.803-812-864A 

. 803-810-811-864A 

.797 

.818 

.800 

2).784 

.790-800 

.800 

.772 

.788*784 

.770 

.800 

.788-808*797 

.772*798 

.784 

.770 

.823 

.770788 

.798 

.798*771 

.798 

.800 

.808 

.800 

.788 

.772 

.816-782 


r 

Fan blade adjustment .788 

Firing order of engine .784 

Firestone demountable rims and wheels.828 

Fly wheel, how connected with cranlr shaft.784 

Ford tractor .826 

44 truck.825 

44 engine in motor boat.826 

Frame, how to lower .816 A 815 

Front axle, removing of.774 

44 axle removing and straightening.774 

44 wheels and axle .774 

44 wheels, clicking noise in .774 

Prosen water, to thaw out.788*579*193*800 


O 

Gaskets ..796 

44 cylinder head, replacing of.790 

44 to prevent leakage of oil.807 

Gasoline, how to save.819-802 

44 tank gauge .801-823 

Gauge for gasoline.801-828 

Gauge for oil.782 

Gears for rear axle .780-781 

Gear ratios .781 

Gears (timing) number of teeth.770 

44 of transmission .776 to 779 

Grease leaks from rear axle.782 

Greasing rear axle housing.772 

Grinding valves .-... 790 


H 

High gear ratio. 

Holley carburetor. 

Hose bands and hose, sise of 

I 

Ignition for racing. 

44 system . 

44 timing . 

44 troubles. 


770-775 
... .799 
....770 


.818 

80 i8’ to 811 

.804 

.808 


J 

Jacking up front of car.774 

Jerking motion of car, one cause, glazed 

band lining .777 

K 

Kemco electric system.810 

Kingston carburetor .798 

Knocks of engine .800-790 

L 

Lamps, electric .770-812-434 

Lapping rings .818 

Late changes on Ford .766 

Levers and pedals .777-771 

Lowering frame .816 ft 815 

44 front axle.816 

Low gear ratio .770*775 

Lighting connections .812 

Lubrication for racing .816-814 

44 of engine and transmission.772 

Lights, how to dim.795-429-437 

Lynite pistons .792 


Magneto .805 

amperage and voltage.77o 

44 assembling.806*807 

44 repairing .806-807 

44 terminal ‘. 805 

“ tester.806-864-J 

Magnet poles, how placed.805 

Magnets, late type. . *07 

44 recharging of .807-819-864J 

44 removed for racing.814 

44 weak, cause of.806*805 

44 claerance of .807-864J 

Main bearings .787 

Master vibrator .809 

Meshing timing gears .:.785 

Missing of explosion .808 

More miles per gallon .802-819 

Muffler for racing.781 

N 

Neutral position of lever adjustment.776 

Noisy transmission gears, cause of.776 

Number of engihe, where to find.770 

New Tork Ooil Oo. Ignition.810 

o 


Oil, draining from engine .... 

44 for winter . 

44 kind to use . 

44 leakage, out rear wheels . 

44 level, testing of . 

44 pump for racing. 

“ pipe clogged, how to clean 
4 4 too heavy for engine .... 
Oiling engine and transmission 
Operation and control of car .. 

44 cost . 

Overhauling a Ford . 

Overhauling, charges for . 

Overhead valves for Ford. 

Overheating of engine. 

Overheating, causes and cures 

Oversize tires . 

Oversize, engine valves. 


.771 

.776 

.772 

.782 

.772-786 

- 816 - 814-810 

.70S 

.776 

.771 

.771 

.776 

.794 

.794 

.791 

. 800 

.788 

. 828 

.791 


P 


Painting radiator . 

Paints for Ford . 

Pedals and levers . 

Pistons. 

Piston clearance . 

Pistons, oversize ... 

Piston pin bushing reamer_ 

44 pumping oil . 

44 rentedv for excess oil .. 

44 removing of . 

4 ‘ rings. 

Pitot principle, carburetor .... 

Power from rear wheels . 

44 plant . 

Prices 1912 to 1919 . 

Price for overhauling Ford ... 

Priming engine . 

Primary circuit .. 

Priming methods and air valves 

Principle of transmission . 

Pumps for water . 

Push rods, installing. 

B 

Racing body specifications . r.. 

44 type Fords .. 

44 ratio of gearing . 

Radius rod, front . 

44 rod rattles . 

Radiator, cleaning of . 

4 4 hose. 


44 leaky . 

4 4 painting. 

4 4 removing. 

44 repairing. 

4 4 testing. 

Raising front end of car .. 

4 4 rear end of car .. 
Ratio gearing for racing .. 

44 of gearing. 

44 of high and low gear 

Reamers . 

Reaming cylinders . 

Rear axle disassembly ..., 

4 4 4 4 and parts . 

4 4 4 4 leaks grease ... 
* 4 4 4 removing of ... 


.789 

.819 

.777 

.792 

818*818*792-798 

.792 

.792 

.798 

.798 

.786 

-791-792-793 

.800 

.819 

.788 

.770 

.794 

.771-803 

.803 

.801 

. . .'..775 

.819 

.788 


.820 

.818 to 818 

.781 

. . .778-774 

.774 

.._789 

.779 

.788 

.789 

.789 

.789 

.789 

.789 

.797 

.797 

.815 

...770-780 

...770-775 

...791-792 

.792 

.TOO 

.TOO 

.T82 

.780 


*See page 864A for “Ford Electric System" as used on enclosed cars. 
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FOBS INDEX—Continued. 


axle semi-floating.780 

44 shaft, bent .780 

M 44 44 replacing of .780 

•* 44 44 removing of.780 

“ 44 stand . 797 

** wheels .781 

Relining bands .778 

Remagnetizing Ford magnets .807-819-864J 

Removing and replacing transmission bands 777-778 

axle shaft .780 

bearings.787 

bushings .778-792 

cam shaft .788 

carbon.790 

commutator .804 

connecting rod bearings ...786 

crank shaft .788 

cylinder head .783-787 

differential .781 

driving pinion .780 

engine.783*806 

front axle .774 

main bearings .787 

pistons and connecting rods.786 

power plant .783 

radiator .789 

radius rod .774 

rear axle ..780 

rear main bearing .787 

rear wheels .. 781 

steering wheel .778 

transmission cover .778 

transmission .776 

universal joint .780 

valve cover .786 

valves.790 

Repairing starting crank .796 

radiator .789 

magneto.806-807 

Reverse adjusting screw .777 

Reverse gear ratio .770-775 

Reversing car .....771 

Rivets for transmission bands .778 

Running new engine .772 

^Running-in" engine .793 

8 

Behebler (Ford) carburetor .800 

Screw cutting plates .796 

Seats for racer.820 

Secondary circuit .803 

Setting time of spark .804 

Shellao. 796 

Size of band linings .777 

• 4 of brake lining.770 

Sise of bearing bolts..787 

•• cap screw in cylinder head.783 

4 * crank case cap screw .786 

44 of radiator hose.770 

44 of wires .804 

Sises of cars.770 

Slipping Olutch .776 

Slow speed adjusting screw.777 

44 speed band to tighten ... *.777 

Smoke, black, blue and grey.800 

Socket wrenches .795 

Spark advance and retard.805 

44 and throttle control.771 

44 plugs, constantly fouled .793 

44 plug tests .808 

44 setting .804 

Speoiflcations .766-770 

44 of racing body.820 

44 of engine .783 

8peed and miles per hour .770 

44 of car, how controlled .771 

44 of engine, how to tell.823 

44 of engine to car .770 

Speeding up a Ford .813 to 818 

Speedometer shaft broken .819 

8pindle bushings .773-792 

Splitdorf electric system for Ford.828 

Spokes loose .810 

Spotlight bulb .812 

Spring clips, keep tight.774 

Spring leaves, how to remove for easy riding.. .774 

Spring leaves added for truck use.774 

Springs, care of.774 

S pr ings for valves .790 

Starting engine .771 

44 car .771 

44 crank repair .796 

Steaming radiator, cause of.. .788-800-189-579-193, 

Steering gear system .773 

Stopping car .771 

Storage batteries for remagnetizing.807 


8torage battery for ignition and lights... .804*812 

Straightening front axle .774 

Stripped cylinder head bolts .796 

T 

Tank gauge . 801-823 

Taps and dies .795 

Testing engine after repairing .793 

magneto coils . 805-806-864J 

14 for a weak magneto.864J-806 

44 oil level .772 

44 radiator .789 

44 spark plugs.808 

44 vibrator points .868 

44 wheels .774 

Throttle control lever .771 

Tightening brake and reverse bands.777 

Tightening steering gear .773 

Timing gears, meshing of .785 

Timing gears, number of teeth . 770 

Tires, sise of .823 

Tires, transposing of . 774 

Tool box in door .819 

Tools for Ford .795 

Touring in a Ford .797 

Tractor .826 

Truck .825 

Trailers .822 

Transmission and clutch pointers .776 

44 assembly of.779 

44 bands .776-777 

4 4 band adjustment ... ..779 

44 band linings worn .777 

" bands, relining of .778 

44 band rivets .778 

44 bands, removing and replacing.777-778 

44 bearings .776 

44 bolts, how to put in.....709 

44 bushings worn .776 

44 cover, replacement of .776 

44 disassembly of .778 

4 4 gears...775 to 779 

44 how connected with fly wheel... .784 

44 noisy, cause of.776 

44 parts, name of.778-779-784 

44 principle of.775 

44 removing of .776 

44 removing cover.778 

44 special types of.781 

44 triple gears .779 

Transposing tires .774 

Tread .,...770 

Triple gears .779 

Troubles of engine .800 

44 of commutator .804 

44 ignition .808 

44 , knocks .790 

44 of overheating .788 

Truck and delivery methods .822 

u 

Universal joint and shaft bushing.781 

Universal joint repair, remedy for excess oil...782 
Useful devices .819 


Valves and cam shaft for racing.817 

Valve adjusters . 791 

44 clearance .785 

4 4 grinding . 790 

44 guide reamer .791 

Valves, how open and close .785 

Valves, larger .814-818 

Valve location on engine .783 

Valves overhead for Ford . 791 

Valves, oversize .791 

Valve refacer .791 

Valve seat reamer .791 

Valves, size of .791 

Valve springs.790*817 

Valve timing .785 

Vibrator points, dressing of.809 

Voltage of lamps .770-812-434 

Voltage and magneto speed .770-812-823 

w 

Water boils .788 

Water frosen and steaming.788*579*198-800 

Wheels and demountable rims.828 

Wheel alignment .774 

Wheel base .770 

Wheels testing and adjusting of . .774 

Weight of car .770 

Wind, shield protector .823 

Wiring diagrams .808 

Wiring for lighting.812-808 

Wires, size of .804 

Wrenches, special .795 


(Illustration on page 766 courtesy of 4 4 For downer.' 4 ) 
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CASE AMD 
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^HC 8 BRAKE, 
CALLED THE 

EUKRoeiruv 

BRAKE. 


Fig. 2—Chassis. 


Touring . 
Roadster . 
Chassis .. 

tCoupelet 
Town car. 






Ford 

Data 

*1918 






1919 

1917 

1916 

1915 

1914 

1913 

.$525 

$860 

$440 

$490 

$550 

$600 

. 500 

845 

390 

440 

500 

525 

. 475 

325 

360 

Not 

Not 

Not 




sold 

sold 

sold 

. 650 

550 

590 

750 



. 750 

595 

640 

690 

740 


. 775 

640 

740 

975 

.... 

.... 


Sizes of Oars. 


Touring . 

Height 
.6 ft. 10 in. 

Width 

5 ft. 8 in. 

11 

Length 
ft. 3 in. 

Runabout 

.6 ft. 

10 in. 

5 ft. 8 in. 

11 

ft. 8 in. 

Town car. 

.7 ft. 

00 in. 

5 ft. 8 in. 

11 

ft. 3 in. 

Ooupelet . 

.6 ft. 

10 in. 

5 ft. 5 in. 

11 

ft. 8 in. 

Sedan ... 

.6 ft. 

6 in. 

5 ft. 5 in. 

11 

ft. 3 in. 

Runabout 

.1405 

Weights. 

lbs. Engine and trans.. 

.880 lbs. 

Touring car 1500 

lbs. 

Runabout body 


.800 lbs. 

Ooupelet 

.1560 

lbs. 

Touring body 


.415 lbs. 

8edan . .. 

.1785 

lb 8. 

Ooupelet body . 


.450 lbs. 

Town car 

.1785 

lbs. 

Sedan body ... 


.600 lbs. 

Chassis .. 

.1100 

lbs. 



Construction. 

The Pord chassis Is divided Into 
units —such as; the front axle sys¬ 
tem; the rear axle system; the en¬ 
gine and transmission unit; and the 
dashboard, which includes the steer¬ 
ing column. It is well to remember 
these units when making repairs to 
cars, for it often is necessary to re¬ 
move the entire unit from the ear 
when a certain part is to be re¬ 
paired. For example; when repair¬ 
ing an axle shaft, it is necessary to 
remove the entire rear axle system, 
in order that the shaft may be taken 
out. 

The general construction of the 
Ford includes triangular bracing and 
three-point suspension (see fig. 49, 
page 786). That is, most parts of 
the car, such as the radiator, the 
gasoline tank, and the power plant 
must be unfastened at three points, 
before they can be removed from 
the car. 

The constructional details of the 
various parts of the car are de¬ 
scribed in the sections devoted to 
each unit, in this section of the book. 
The construction, care, and repair of 
the various parts are so closely re¬ 
lated that it has been thought best to 
group them together. 


Speed of Engine to Oar. 

Drive shaft pinion—bevel gear 40 teeth. 

I*w speed ratio, 10 to 1. High speed ratio. 8*ii 
to 1. Reverse ratio, 14.5 to 1. Rear Wheels. SO*. 
To find the speed in miles per hour; 

Eng. speed mi. per hr. mi. per hr. 
per min. reverse “ ‘ 

500 8.892 + 

600 4.761 + 

1000 7.784 + 

1500 11.676 + 


1st speed 
5.589— 
6.706— 
11.178— 
16.767— 


mi. per hr 
high speed 
12.396 + 
14.764 + 
24.690 + 
86.886 + 


Engine. 

Bore 8 % in.; Stroke 4 in.; Piston displacement 
176.7 in.; Piston rings (8) 3%x& in.; Valves; 
diameter 1% in.; Valve clearance V&2 in.; Firing 
order 1, 2. 4. 8; Timing gears: 

cam gear (see foot note, page 785). 42 teeth 

cam gear diameter . 6 % in. 

crank ahaft gear. 21 teeth 

crank shaft gear diameter. 2 % in. 

^Magneto Speed and Voltage. 

200 revolutions per minute of engine, generator 
generates 8 volts; 800 r. p. m. 9%o volts; 400 r. 
p. m. 12fto V; 500 r. p. m. l45io V.; 600 r. p. m. 
l«tio V.; 700 r. p. m. 18% 0 V.; 800 r. p. m. 20 V.; 
900 r. p. m. 22% 0 V.; 1,000 r. p. m. 24% 0 V.; 
1,200 r. p. m. 27 V.; 1,500 r. p. m. 80 V. 

Amperage at 200 r. p. m., 8 amperes. At 1,500 
r. p. m., 5 amperes. 

$Lamps generally used are two 8 or 9 volt, 15*c. p. 
lamps connected in series—this equals 16 or 18 volts. 


Brakes. 

Brnkes on hnb of rear wheele have cast iron shoos, 
size 7 % % . Brakes controlled by aide hand 

lever. Brake on transmission, controlled by foot. 

Size of brake band lining on transmission, also aa 
low speed drum and reverse drum—thick, lfc 
wide, 28 in. long. 

Tread and Wheel Base. 

Wheel base, 100 inches. Tread, 56 inches. 

(60 inch, or Southern tread, is no longer made.) 

Engine Numbers. 

Cars are recorded by engine numbers, rather 
than by car numbers and the numbers of engine 
and car are not the same. 

Year 1912 . 88,900 to 171,800 

1913 .171,300 to 870,400 

1914 .370,400 to 611,100 

1915 .611.000 to 1,029.200 

1916 . 1.029,200 to 1,614,600 

1917 . 1,614,600 to 2,449,100 

1918 . 2,449,100 to 2,881,400 

These numbers may be found stamped on left- 

hand aide of cylinder block, above inlet hose con¬ 
nection. 

Cooling System. 

14 quart capacity. Thermo syphon principle. 
Radiator hose—inlet 1% inch, 3 ply 2%* long. 
Outlet 2* int. dia., 4 ply 8^4” long. 

Hose bands are 2H” and inside diameter. 

Horse Power. 

* S. A. E. rating of engine 22.5—^ee page 584. 


EIART NO. 318—Ford Chassis. General Data. 

V«thout war tax. Price of truck $550—see page 825. tSee page 812, foot note. 
>rd Enclosed cars with Electric Starter. 


tSee pagn 864 0 for prices 
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STEERING POST J 

NUMBER PLATE 
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SWITCH 
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Fig 3 . 


WIND SHIELD 
. COIL BOX 
'CfiRSUSrtOR DASH 
' ADJUSTING NUT 
5PEECOHCTFR 

5wi t Ci* hEV 
7SVJITCM LEVER 


RUBBER MAT 


Starting Engine. 

Before attempt¬ 
ing to start the. 
engine, see that 
the emergency 
hand brake lever 
is pulled back. 
This hand lever 
disengages the 
eluteh and applies the brakes at the rear hubs, 
so that the car will not travel forward when 
cranking engine. 

Be sore to retard the spark lever, that is, 
move the lever on the left hand side of the 
steering column, upward, or towards the front 
of the car, as far as it will go. (When speak 
ing of the right or left hand side of the car, 
it is always considered that one is sitting in 
the driver's-seat and facing forward). 

The throttle lever, on the other side of the 
steering column, should be pulled downward 
about five or six notches, from the extreme 
forward, er closed position. 

Now close the switch on the coil box, that 
is, move the switch key all the way over to 
the “mag.” mark on the cover of the switch. 
If the switch key is moved over to the bat¬ 
tery side, the engine cannot be started. The 
ears are not fitted with batteries, and this 
connection is only left on the switch, in case 
(at some future time) you should wish to 
equip your car with batteries for starting. 

•Priming: With present day grades of gaso¬ 
line, it is usually necessary to prime the en¬ 
gine while it is being cranked. Priming 
shuts off some of the air, so a richer mixture 
of gasoline vapor is drawn into the carburetor. 

This priming is done by pulling forward a 
«n*ll ring on the end of a wire that projects 
out through the radiator. This priming ring 
must be held out, at the same time that the 
engine is cranked. 

Oranklng engine: Grasp the starting handle firm¬ 
ly with the right hand, and push the starting crank 
in as far ms it will go, feeling for the ratchets which 
the starting crank should engage. Hold the prim¬ 
ing ring out with the left hand, and pull the start¬ 
ing crank up quickly. 

The crank should be kept pushed in, while the 
handle is being pulled up. This requires a certain 
knacky that is soon acquired by practice. If not 
pnahed in, the crank will slip out of the notches, 
and the sadden release may throw the driver off his 
balance. 

The crank should be pulled up sharply. Slow 
pulls are of no value, for, unless the engine is 
turned over qnickly, the magneto will not give 
enough current to make a good spark (see page 490.) 

Starting the Car. 

Spaed np the engine a little by opening or moving 
the throttle lever towards you, a couple of notches. 
Also, advance the spark to a normal running posi¬ 
tion, about five to seven notches, from the front of 
the quadrant. _ 


Place one foot on the foot brake, which 
is the pedal farthest to the right, so 
that you will always be prepared to 
stop and accidents may thus be pre¬ 
vented. Place the other foot on the clutch 
pedal, which is the farthest one to the 
left. Hold it in about mid position, that 
is, do not push this pedal all the way 
down, or let it come back all the way. 

Now grasp the emergency brake lover 
handle with the left hand, having the palm 
of the hand turned towards the outside 
of the car and the thumb turned down¬ 
ward, so that the thumb can be need for 
disengaging the latch. This may seem 
awkward at first, but it Is the way this 
lever is intended to be operated. Now, 
pull back on the handle,—then prese latch with the 
thumb. It is easy to release the latch, if one nulls 
back on the lever first. Now hold the steering 
wheel with both hands, and push the clutch pedal 
forward slowly, until the car begins to move. 

Gradually push the clutch pedal harder until you 
feel that there Is no ellpping in the low spaed gear, 
and then speed up the engine so that the car is 
traveling at from 8 to 10 miles an hour. At the 
same time clutch pedal is pushed forward, push 
side hand lever forward as far as it will go, so 
that the clutch pedal may return to “high” when 
car is under way. The releasing of this clutch 
pedal engages the high speed clutch. 

Let the clutch pedal come all the way back 
quickly, and your car will be in high gear. Prac¬ 
tice will. teach yon how to make the change from 
low to high gear smoothly and easily, without jerk 
to the passeners or strain on the mechanism. 

Beversing the Car. 

Pull the emergency brake lever back just far 
enough to draw the clutch pedal forward and disen- " 
gage the clutch, but do not pull the brake lever 
back far enough to engage the rear hub brakes. 

Place one foot on the brake pedal, for use if nec¬ 
essary, and presR gently on the middle, or reverse 
pedal. Do not attempt to drive backwards rapidly 
at first, for the steering is very apt to be confusing 
and it is not easy to drive backwards in a straight 
line. After the driver has become more experienced, 
he can reverse by holding out clutch with clutch 
pedal, and using low speed forward as a brake. 

Stopping Car. 

Partially close the throttle; release the high 
speed by pressing the clutch pedal forward into 
neutral; apply the foot brake slowly but firmly 
until the car comes to a dead stop. 

Do not remove foot from the clutch pedal without 
first pulling the hand lever back to neutral position 
or the engine will stall. 

To stop the engine, open the throttle a trifle to 
speed up the engine and then throw off the switch. 
The engine will then stop with the cylinders full 
of explosive pas. which will naturally make the 
next start easier. 

Spark Control. 

Left-hand lever under the steering wheel is the 
spark lever. Good operators drive with the spark 
lever advanced just as far as the engine will per¬ 
mit. But if the spark is advanced too far a dull 
knock will be heard in the engine, due to the fact 
that the explosion occurs before the piston has com¬ 
pleted its compression stroke. The best results 
are obtained when the spark occurs just at the time 
that piston reaches its highest point of travel—the 
gas being then at its highest point of compression. 
The spark should only be retarded when the engine 
slows down on a heavy road or steep grade, but 
care should be exercised not to retard the spark 
too far, for when the spark is “late,” instead of 
getting a powerful explosion, a slow burning of the 
gas. with excessive heat, will result. Learn to 
operate the spark as the occasion demands. The 
greatest economy in gasoline consumption is obtained 
by driving with the spark advanced sufficiently to 
obtain the maximum speed. 

How Speed of Car Is Controlled. 

The different speeds required to meet road con¬ 
ditions are obtained by opening or closing the 
throttle. Practically all the running speeds needed 
for ordinary travel are obtained on high gear, and 
it is seldom necessary to use the low gear except 
to give the car momentum in starting. The speed 
of the car may be temporarily slackened in driving 
through crowded traffic, turning corners, etc., by 
“slipping the clutch,” i. e., pressing the clutch 
pedal forward into neutral. 


tmpottle lever 

pot h to DOWN 
OPENS CARBUAtTOft 



Pig. 4. 


OHAJtT NO. 310—Operation and Control of Oar. Starting Engine. 

•See foot note bottom of page 578 for pages referring to difficult starting. Also page 798 and 799, this instruction 
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Oiling Engine and Transmission. 

Oiling is most important and is taken care of by 
pouring oil through the breather pipe on the front and 
of the engine base. This pipe is covered by a metal 
cap, which can be easily pulled off, when oil is to be 
poured into the crank case. The lubrication of the 
engine is explained on page 197. See page 709, how 
to clean oil pipe. 


When the engine is new: Pour in oil until it runs 

freely out of the 
upper petcock in 
the engine base 
(1, fig. 6). Be sure 
to close this petcock, 
for if it is left open, 
the action of the fly¬ 
wheel will splash all 
of the oil out through 
this petcock and the 
bearings will be ruin¬ 
ed for lack of oil. 

After the engine has been limbered 

up: The best results will be obtained 
by carrying the oil level about midway 
between the two petcocke—but under 
no circumstances should the oil level be 
allowed to get below the lower petcock. 

"Tooting the oil lerel: If car is not 
fitted with an oil gauge as shown on 
page 782, fig. 85X, then open upper pet¬ 
cock. If oil does not drip out, open the 
lower petcock. If oil drips out, then 
there is enough oil for a short distance, 
but it is better to put more oil in if the 
car is to be driven a considerable dis¬ 
tance. It is necessary at intervals to 




clean out these petcocks as they become 
clogged With dirt or sediment. 

Oiling Other Parts. 

This includes the filling of the dif¬ 
ferent oil cups on the front axle sys¬ 
tem. the rear axle system, and the oil¬ 
ing of parts of the control system, 
which move but little. Oiling of these 
parts will tend to eliminate squeaks and 
prevent wear. 


Mobilubrlcant; 
a handy grease 
gun contain¬ 
ing the grease 
for Ford dif¬ 
ferentials and 
grease cups. 
(Vacuum Oil 
Co., Rochester. 
N. Y.) 


Lubrication. 

The plan view of the chassis, fig. 5, should 
be studied carefully, so that one will know how 
often the parts should receive attention and lu¬ 
brication. 

The oil cups can be supplied with the same 
kind of oil used in the engine, although a 
slightly heavier oil will not run away so rapidly 
and is better adapted to this use. 

Oiling of the Commutator. 

Oil is injected through the small cup on the 
top of the commutator shell. Engine oil is rather 
heavy for the oiling of the 
commutator and is apt to 
so insulate the roller from 
the contact points that 
starting may be difficult. 

This is especially true in 
winter, when the cold will 
so congeal a heavy oil 
that it will be almost im¬ 
possible to obtain a good 
spark. “Three-in-one” oil 
is thin enough to be used in the commutator. 

Kind of Engine Oil to Use. 

A light, high grade of gas engine cylinder oil 
is recommended. This light oil will reach into 
the closely fitted bearings of the engine more 
quickly and so less heat and friction will be 
developed. The oil should have sufficient body 
to prevent the heat and pressure in the cylin¬ 
ders, squeezing out the oil from between the cyl¬ 
inder walls and the pistons. It is expensive 
to use a cheap oil. Oood oils save repairs to the 
engine, increase /the mileage per gallon of gaso¬ 
line, and do not form carbon nearly as rapidly 
as do inferior oils. In cold weather an oil that 
does not congeal easily at low temperatures must 
be used. Otherwise the clutch will drag, due to 
the oil acting as an adhesive, (see page 200 
and 776.) 

Among the oils that are recommended for the 
Ford engine, are Gargoyle Mobiloil “E,” and 
White Star Extra Quality Oil, which is used at 
the Ford factory. 

Graphite should never be used in either the 
engine or the transmission, as it is apt to short- 
circuit the magneto and thus cause expensive 
repairs, (see page 205.) 

Draining Out the OIL 

The new car should have the oil drained out 
at the end of the first five hundred miles. This 
also applies to an overhauled engine, when the 
bearings have been refitted. The oil is drained 
out by removing the plug at the bottom of the 
crankcase, and cranking the engine. The front 
wheels should be about six inches higher than 
the rear wheels, so that the oil will drain to 
the rear of the crank case. * Kerosene can be 
poured into the breather pipe, to assist in wash¬ 
ing out the old oil, and the engine cranked to 
splash this kerosene over all the parts. Use 
at least s gallon of fresh oil, when refilling the 
crankcase, and be sure to replace the plug in 
the bottom of the crankcase tightly. If this 
plug drops out, the engine bearings are almost 
sure to be ruined for lack of oil. 

Greasing. 

This Includes the filling of tho grease eons, 
the universal joints and the rear axle housing 
with grease. Oup grease, or grease containing 
graphite, can be used in the grease cups, and 
the rear axle should not be filled too full of 
grease, tAbout 1% pounds of grease is enough 
for the rear axle gears. If thrust washers are 
not worn, % lb. more can be added. A larger 
amount of grease will run out of the ends of the 
axles and spread over the wheels and tires, (see 
page^ 782, for cause of leaking oil out wheel 

tVacuum Oil Oo. state that the differential 
housing holds 4 lbs and correct level is 2 ft lbs. 
of Mobilubricant. 

The Universal Joint is one of the most import¬ 
ant parts to keep greased. 



7HABT NO. 820—Lubrication. 

‘See page 201, about thoroughly draining the kerosene after cleaning. 

**See pages 201, 197 and 776, “heavy oils,” and page 709, how to clean oil pipe if clogged. 
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Steering Gear System. 

The steering reduction gears are placed at 
the top of the steering column, instead of at 
the bottom (figs. 8 and 9), (as is customary 
on other cars). These gears increase the 
power, and the sensitiveness of the control 
over the front wheels of the car. If these gears 
were not used, a slight turn of the steering 
wheel would send the car into the ditch, while 
road obstructions, or bumps, would wrest the 
steering wheel out of the driver's control. 
The lower part of steering column merely has 
an arm (A, fig. 9) which is connected to rod 
(B) extending to steering knuckle arm (SA). 



' - Vy 

Fig. 8. Pig. 8A. 


A—Spark lever. E—Throttle lever. 

B—Drive pinion. F—Throttle quadrant. 

0—Pinion or gear. G—Pinion pin. 

D—Gear case. H—Spark quadrant. 

The steering wheel has a short shaft, on 
which a pinion (B) is mounted. This pinion 
is held in place by the cover and nut of the 
steering gear case. The steering rod proper, 
on the end is fitted with a flange, (triangle 
shape under gears) on which three studs pro¬ 
ject, which carry the three small gears. These 
gears mesh with the pinion, (B) and also 
with an internal gear cut on the inside of the 
steering wheel case. 

To obtain access to the gears: remove the 
small screw, which holds the gear case cover. 
Then unscrew the gear case cover, and the 
steering wheel and the cover can be removed 
together as a unit. It is not necessary to re¬ 
move the lower part of the steering wheel 
from its shaft to obtain access to the steering 
gears. 

There are two small retaining keys in the 
top of the steering column. Keep these keys 
snug,* for if loose, considerable play will 
result. 

Removing Steering Wheel. 

Unscrew the nut on the top of the post, 
and drive the wheel off the shaft, using a 
block of wood and a hammer. Do not batter 
the threads of the shaft, or it will be 
difficult to replace the nut. 

Tightening Steering Gear. 

A loose steering gear will make steering 
difficult and cause wear of tires. To tighten, 
see that the nut which holds arm (A) at lower 
end of steering rod (B) fig. 9, is tight. 


Ball and Socket Joints. 

There is • bell on the end of arm (A), which 
fits into a socket (0), fig. 9-B. If not kept oiled 
play will develop. 

There is also a ball on end of thrust rod (B) 
which connects steering arm (SA) fig. 9-A. 

If the ball and socket becomes worn from lack 
of oil, it can be ground by rubbing over emery 
cloth, or filing as per fig. 93. 

8pring ball sockets ere now supplied by specialty 
manufacturers which take up wear automatically. 

Bushings In Spindles. 

There are bushings in spindle arms (8) fig. 9-A, 
also fig. 11, chart 822. The '‘spindle arm bolt** 
works m the bushings. The bushings wear first and 
if worn should be replaced. 

Removing bushings: Split expanding bushing 
removers are best for this purpose, or else bushing 
can be threaded and fitted with a bolt and driven 
out. The bushings are short and one at each end of 
spindle body. 

New bushings should be pressed In with an 
arbor press or vise or carefully hammered in with 
a lead mallet, or wood between hammer and bushing. 

After fitting, the bushings should be reamed out. 
Special reamers are made for this purpose—see page 
792. 

The bushings must fit snug so that the bolts wiU 
turn and not the bushings. . 



Fig. 9 0. Fig. 9-E. 


Fig. 9; the arm (A) is the 
only part connected to steering 
rod (B)—by means of ball and 
socket Joint (fig. 9-B). Move¬ 
ment of (A) by steering rod 
(R) moves the front wheels. 

Fig. 9-D. The other end of thrust rod 
(B) is also fitted with ball and socket joint as 
per fig. 9-A. 

Fig. 9-0; note ball joint (BJ, fig. 9) fits in socket 
on engine base to support front radius rods. 

Fig. 93; method of taking up wear on socket (0) 
which places the sockets closer together over the 
joint. The method is to emery the part down. 

Fig. 9-D; shows the drag rod yoke (7). 



CHART 821—Steering Assembly. 
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Pig. 10—Testing for play 
front wheel. 



Fig. 11—Names of parts of front 
wheel spindle assembly. Note that 
the bushings do not extend entirely 
through the spindle body; but 
only at each end. * 


m 


♦♦Front Wheels. 

RemoYlng the front wheels: Use special hub cap wrench to remove 
hub-cap. Pull out the cotter pin, then take off castle nut, and lock 
washer. Unscrew the adjustable bearing cone. Then pull front 
wheel off. 

The cones and castle nuts must be replaced on the spindles from 
which they were removed. There are left-hand threads on the left 
spindle and right hand threads on the other spindle. (Note—Turn 
top of nut towards front of car to tighten. This holds good for all 
wheel nuts.) 

If the cones or cnps are worn, they should be replaced with new 
parts. While slightly longer service can be obtained by turning 
the cones half-way around, so that the wear comes on the opposite 
side of the cone, this permits a certain amount of looseness and is 
not as good as the fitting of new parts. 

If the balls are chipped, cracked, or pitted at all, they should 
be replaced by new ones. Ohipped balls will break and ruin other 
parts of the beariftgs. 

Testing the Wheels. 

The front wheels should be jacked up every thousand miles or 
so, and tested for side play and smoothness of running, (see 
page 681.) 

A sharp click; when running the front wheel, together with a 
momentary check in the motion of the wheel, indicates a broken 
ball, which should be immediately removed, before it causes trouble. 

Adjustment. 

The front wheels should be so adjusted that the wheels will 
come to rest—after spinning—with the tire valve at the lowest 
part of the wheel. Yet there should be no noticeable side play, 
when the spokes of the wheel are grasped with the hands and the 
wheel shaken as shown in figure 10. 

Undue wear of the cones; may be caused by adjusting the cones so 
closely that the bearings bind; or to lack of lubrication. The 
hub-caps should be filled with a soft grease every few thousand miles. 
Removing the Front Axle. 

Jack up the front of the car, by supporting the frame on a 
couple of boxes, or by chains or ropes, or as per fig. 12. Remove 
both front wheels. Disconnect thrust rod (B) from arm (A) (flg. 
9-A, chart 321). Disconnect the radius rod at the ball joint (per 
fig. 9 and 9-0, chart 321.) Remove the two spring shackle bolts 
at each end of the front spring. 

To Disconnect the Front Radius Rod From Axle. 

Remove the cotter pinned* nuts. To remove the radius rod en¬ 
tirely—take the two nuts off the studs, which hold the ball cap, 
and remove the lower half of cap. (see chart 321, fig. 9, and 9-0.) 

If the radius rod rattles; remove the lower half of the ball cap, and 
file some of the metal off the fiat surfaces or rub down (as shown in 
flg. 93, chart 321.) 

Straightening Front Axle. 

Tn case front axle or parts are bent straighten them while cold. 
The application of heat will remove the effects of the heat treatment 
to which these parts have been subjected and will dangerously 
weaken them. 

By bringing the point of contact of the tire and ground more 
nearly under the spindle body bolt, this makes steering easier and 
tends to prevent tire wear, (see fig. 13, and page 683). 

Transposing Tires. 

To use 30 by 3% inch tires on the front wheels, a pair of rear 
wheels can be purchased and fitted in place of the original front 

wheel8 Springs. 

Care of springs: If the springs seem stiff, use a screwdriver to pry the leaves 
apart and place some graphite grease, or heavy oil, between the leaves, (see 
page 622.) 

Spring clips should be kept tight: If these clips are not kept tight, the strain 
will be put on the tie-bolt which passes through the center of the spring leaves 
and will break it. The tie-bolt is only intended for keeping the spring leaves 
from slipping out of position sideways. This is particularly true of the front 
spring, for if the front spring shifts sideways, it will endanger the steering of 
the car, and may cause an accident. 

Making the Car Ride More Easily. 

One or more leaves; can be removed from the rear spring of the runabout, to 
make the car ride more easily, as the same spring is used on both runabout and 
touring cars. The runabout does not carry so much weight. If one leaf ie re¬ 
moved—take out the second. If several leaves are removed, take out alternate 
leaves, so as to maintain the general shape of the spring as nearly as possible. 

For truck use; several leaves are sometimes added to increase stiffness of springs. 

Alignment of Wheels. 

Read on page 683, why proper alignment of wheels is necessary. The 
Fig. 13. following will assist the reader in lining up the Ford wheels: 

The front wheels are set at an angle of 3 degrees (1%8 inch*); i. e., the distance between the tops 
of the front wheels is 3 inches greater than between the bottoms. This is to obtain ease in steering. 
The wheels should not, however, toe in at the front, at least not more than K inch, and lines drawn along 
the outside of the wheels when the latter are straight in a forward position should be parallel. A plumb 
line dropped through the spindle bolt should strike the ground just 2Vie inches from the pivot point of the 
wheel, as seen in the accompanying diagram. 

Adjustment of the front wheels can be made by turning the yoke at the left end of the drag rod. 
drawing the wheels into a parallel position. If inspection shows that the axle or the spindles are bent 
it will be necessary to have those parts straightened or replaced before correct alignment can be secured. 




2 ^ 




Fig 12—One method of jacking 
up front of car with a block of 
wood. The illustration shows 
method and dimensions. The block 
should be narrow enoltgh to go 
between the front axle and steer¬ 
ing connection that crosses about 
4% inches behind it. 



3HART NO. 322—Front Wheels and Axle. Alignment of Wheels. 

See page 115 for tables “Converting degrees into inches” and “hundredths into 64th.” **Timken roller bear- 
ngs now used on Sedan, Coupes and Trucks. 































TRANSMISSION. 


771 


I 


I 


Low speed; gear D is driven 
member keyed to tbe hub elnteh 
drum 0, which im tpm is secured 
to driven shaft. By applying brake 
band to drum B. gear F is held 
stationary, pinion P rolls on it and 
a smaller pinion PI causes gear D 
to turn slowly in the same direc¬ 
tion as pinion carrier A. 

For high speed or direct drive, 
the friction clutch locks the clutch 
drum 0 to engine crank shaft sad 
tbe entire mechanism revolves as 

a unit. 

For reverse; applying brake band 
to dram V, gear L is held station¬ 
ary, pinion K rolls on it and pin* 
ion PI turns gear D slowly in the 
reverse direction. 


CRANK 

SHAFT — 
OF FNCtNF 
CONNECTS 
MERE 


REVERSE DRUM. 

■ SLOW SPEED DRUM 

r BRAKE DRUM. 

^ STEEL DISCS WH/CH CLUTCH 
r RIN6 WHICH PRESSES A GAINST DISCS. 
-FINGER WHICH PRESSES AGAINST RINGS. 
\DJUS TMENT SCREW FOR CLUTCH WHICH 
GOVERNS PRESSURE. 

]rCOLLAR WHICH SHIFTING 
Y ORE WORKS IN AND 
RELEASES SPRIN6 TENSION. 

r SPRING WHICH FORCES 
FINGER AGAINST RING 
AND RING AGAINST DISCS 

r CONNECT WITH 
UNIVERSAL JOINT 
THEN TO DRIVE 
SHAFT. 

The clutch serves 
the same purpose as 
a cone or diac clutch 
as described on pages 
39 and 41. The 
clutch on the Ford is 
made of steel discs 
as lettered. The pres- 
Kure of clutch fingers (there are 
'$) through the ring which 
presses against discs, causes the 
discs to take hold. When clutch 
is “in’* then the car is on high 
speed (there are only two speeds forward on 
a Ford), and entire transmission revolves 
and drive is direct to rear axle. 

Principle of the Ford Transmission. 



This transmission serves the same purpose 
as a sliding gear or selective type of trans¬ 
mission as explained on page 46. 

It is mounted on a shaft (F) which has a 
flange projection at one end, which bolts to 
fly wheel and fly wheel is bolted to a flange 
on end of crank shaft. 

The planetary gears are shown as marked, 
(PI, P, K, & 8, P, 6). These gears are mount¬ 
ed on studs projecting from fly wheel. 

By means of bands, which are tightened 
around the drums, the rotation of these gears 
are governed as explained. 

It Is called a planetary transmission, from a 
fancied resemblance between the motion of 
the triple gears around the central shaft and 
the motion of the planets around the sun. 

Principle: One can work out the action of 
these transmision gears most easily by taking 
a few coins, or washers. Place one coin in 
the center and the three around it touching 
the central coin. 

When the central coin is revolved, it will 
be found that the three others are revolved 
in the opposite direction. 

Now, if we place a second coin of smaller 
size over the central coin and three other 
coins of larger size over the three outside 
coins, we can show the principle of the low 
speed gears. 

By revolving the small central coin it will 
tend to revolve the three larger outside coins. 


As these three coins are supposed to be con¬ 
nected to the three coins beneath them, these 
three lower coins will tend to revolve the 
lower central coin, but at a much lower rate 
of speed. 

The reverse gearing operates on the same 
general principle, except that an additional 
pair of gears is nsed, which causes the direc¬ 
tion of rotation to be reversed. 

Wben in high gear, the gear ratio of the 
car is 3.63 to 1, because the bevel drive gear 
in the rear axle is so much larger than the 
pinion that the engine makes 3.63 revolutions 
for every turn of the rear wheels. 

When the low gear Is engaged the ratio in 
the transmission is 2.75 to 1. This is multi¬ 
plied by the rear axle reduction; so the total 
gear ratio, when in low gear, is 2.76 times 
3.63, equals 9.98, or practically 10 to 1. 

In general, owing to frictional losses in the 
transmission, and other causes, it may be 
assumed that the car will travel about three 
times as fast in high gear as in low. But 
the car will have about twice as much power 
when low gear is used. 

When reverse gear is used the ratio is 4 to 1. 
The ratio to the wheels is 4 times 3.63, or 14.52, 
or, eay, abount 15 to 1. But owing to the number 
of sears transmitting the power when reverse is 
used the actual available power in reverse is not 
as great as might be supposed. However, it is 
sometimes possible to use the reverse gear to pull 
the car out of a mudhole when even the low speed 
gear does not have sufficient power. 


CHART NO. 323—Princlnle of the Transmission. 
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Fig. 10: Adjusting dutch 
Ungers. Jack one rear wheel 
up t turn engine so clutch fin¬ 
gers come in convenient por¬ 
tion. remove split-pin, give half 
a turn clockwise to the screw, 
and replace pin. Don*t drop 
pins in transmission case. After 
long wear, new discs will be 
needed. It will be necessary to 
remove the transmission cover. 



Fig. 16: This clamp is used 
to hold transmission bands to¬ 
gether while replacing the 
transmission cover. It is made 
of spring steel % in. wide and 
96s in. thick, bent into the 
form of a U, having legs 8% 
in. long and being 2%e 
across. One of these is clamped 
over the lugs on the transmis¬ 
sion bands before replacing the 
cover and removed after the 
cover is bolted on. (Motor 
World.) 


Clutch Control. 

Is by the left pedal at the driver’s 
feet. If the clutch pedal, when 
pushed forward into slow speed, has. 
a tendency to stick and not to*come 
back readily into high, tighten up 
the slow speed band as directed. 

Should the machine have an In¬ 
clination to creep forward when 
cranking, it indicates that the clutch 
lever screw (B), which bears on the 
clutch lever cam (C) has worn, and 
requires an extra turn to hold the 
clutch in neutral position. 

When the clutch is released by pulling back the hand lever 
the pedal should move forward a distance of in passing 
from high speed to neutral. See that the hub brake shoe and 
connections are in proper order so that the brake will act suffi¬ 
ciently to prevent the car creeping very far ahead. Also be 
sure the slow speed band does not bind on account of being 
adjusted too tight. 

Clutch Slips or Drags. 

Slipping clutch may be due to worn main bearings, allowing 
crankshaft to vibrate, or to use of heavy oil in engine. 

When clutch drags: This'may be due to heavy or old oil. 
This oil collects between the dutch plates, and does not allow 
them to separate freely from each other, as they should, when 
the dutch is disengaged. An oil that is too heavy for the 
clutch plates, is also too heavy for good use in the engine. 
Heavy oil will not penetrate into thfi closely fitted bearings, 
nnd if the oil does not get in, friction and rapid wear will 
result. 

Heavy oils are sometimes used in Ford engines with the 
idea that the heavy oil will seal the gaps between worn pistons 
and cylinder walls, but the only effective remedy is to replace 
pistons and other worn parts as needed. In whiter oil should 
have a low cold test, that is, the oil should not congeal easily. 
It it does, the engine will be very hard to start on account of 
the dragging of the clutch and the bands on the transmission 
drums. 

Transmission Gears. 

If teeth of triple gears are worn or chipped, to such an 
extent that they do not properly mesh, they will cause a 
growling or grinding noise; especially when low or reverse 
gears are used. 

Transmission Bearings. 

The transmission is supported at the rear end by a babbitt 
lined bearing at the universal ball cap. If this bearing is worn 
it will cause a knock in the transmission when the car is travel¬ 
ing over rough roads. 



Worn bushings In the second speed and reverse drums, throws the transmission shaft out 
of line, hence the gears become worn and noisy. It is advisable to install new bushings as 
soon as worn and that before they cause gear teeth trouble, which means an ugly grinding 
noise. 

A “chattering” noise In transmission means that new band linings are needed. The 
same remedy applies when car runs with a jerky movement. 

To Remove Transmission. 

Take the upper part of engine off the lower part of crankcase, as explained under * * re¬ 
moving power plant,” (chart 330). Next remove the transmission cover (fig. 16), and 
crankcase cover. Then the four cap screws that hold the fiy wheel to crankshaft flange, 
using special Ford flywheel cap screw wrench No. 1929. The entire transmission may be then 
easily removed from the cylinder block assembly. 


i 


CHART NO. 824—Transmission and Clutch Pointers. 
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Fig. 18: Connection 
ef hand lever end 
foot pedals to tran* 
mission. 
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CLUTCH AND SLOW SPEED 
FOOT PEDAL. 


Full forward position, 

speed” band is tightened. 

Half way forward* ii neu¬ 
tral. when in this position thre w 
hand lever forward, release 
dutch pedal and "High speed ' 
clutch is engaged. 


SIDE HAND LEVER 


Cantor Vortical Pom 
tion, holds clutch ‘ ou " 
screw B. being on top at 
oval eccentric C, thereby 
forcing fork agatnstspnr<^ 
releasing tension against 
clutch discs. 

Forward Position, as 
now illustrated, spring 
tension is released and nn 
"high speed.” 

Back Position, spring 
tension is released and 
' brake” bands on hubs of 
rear wheels applied. 


which forces 
fingers on clutch, to 
discs, unless held out 
by clutch pedal or side 
Jcver- 


TRANSftrSStOH iOt/C* 


Fig. ISA. 


REVERIE ADJ. SCREW 
SLOW SPEED AOJ. SCREW 
TQ ADJUST BRAKE. 

CM? cr the 3 clutch num 

CLUTCH ADJ SCREW 
CLUTCH At LEASE FORA 

clutch y OAF rod. 

Clutch and slow apead Invar 
when pushed back part of way, 

yoke releases spring tension; 
pushed Full back, "slow 

speed" band is lightened and "alow 


Causes and Symptoms of Worn 

Cause: When starting the car, the driver 
should press the pedal forward until the low 
speed begins to engage. Then the pedal 
should be pressed more slowly until there is 
no slipping of the band on the drum. When 
using the low speed gear on long, steep hills 
many drivers unconsciously relax the pressure 
on the pedal, so that the drums slip and wear 
the bands. Hold the pedals in firmly when 
the gears have once been engaged. 

Another cause of rapid wear of the bands 

is the habit of some drivers of racing the 
engine at high speeds before attempting to 
engage the transmission bands. The best 
driver is the one who can use the gears and 
not speed up the engine any faster than will 
just avoid stalling. If the engine is not 
raced too fast there will not be so much dif- 
ference between the speed of the transmission 
bands and the speed of the drums. Then 
there will be less wear on the band linings 
and less strain on all parts of the car. 

When the transmission band linings have 
become hard and glased they will not grip the 
drams until the pedals have been pushed very 
hard and all the oil has been squeezed from 
between the bands and the drums. Then 
the bands take hold with a series of jerks 
and this causes a chattering and severe strains 
on both the transmission and the rear axle 
assembly. 

Other evidences of worn transmlsion bands 
an; (1) the failure of the foot brake to hold 
in spite of all the adjustment that can be 


Transmission Band Linings, 
made through the cover on the top of the 
transmission case, .without causing the bands 
to drag. (2) or if the low speed and reverse 
gears slip when the pedals are pushed, and the 
engine races, while the car does not travel as 
fast as it should. 

On an average, the brake linings should give 

{ rood service for about six months; with good driv- 
ng, from ten months to a year of service may be 
had, counting on from five to ten thousand miles 
driving es e year of service. (Fordowner.) 

By driving on throttle, as much as possible 
Instead of using the clutch so often, the bands 
will wear longer. 

To Tighten Brake and Reverse Bands. 

# Remove the transmission case cover and 
turn the adjusting nuts on the shafts to 
the right, (fig. 18A.) 

The bands should not drag on the drums 
when disengaged, as they have a tendency to 
exert a brake effect, and overheat the engine. 
The foot brake should be adjusted however, 
so that a sudden pressure will stop the car im¬ 
mediately, or slide the rear wheels in emer¬ 
gency cases. 

To Tighten Slow Speed Band. 

Loosen the lock nut at the right side of the 
transmission cover, and turn the adjusting 
screw (see fig. 18) to the right. 

Size of Band Linings. 

All three hand linings are the same size. 
Thickness, %e inch; width, 1% inch; and 
length, 23 inches. 

*See page 778, how to remove transmlsion cover. 


CHART NO. 325—Transmission Parts and Location. 
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Removing Transmission Cover. 

(1) Remove magneto wire. 

(2) Loosen the nuts on the studs of the 
elamps whieh hold the exhaust manifold in 
place. 

(2) Pull manifold and exhaust pipe out 
of zMiifler and remove them from car—save 
the gaskets. 

(4) Remove the % inch bolts holding on 
the transmission cover. (Use L-handle wrench 
No. 2822 for keeping nuts from turning, 
while the bolts are turned from below, by 
using T-wrench No. 2320.) 

(6) Loosen and remove the two bolts 
which hold the universal ball cap to the 
transmission cover. 

(6) Loosen lock nut on low speed screw 
and loosen low speed adjustment. 

(7) Push emergency brake lever forward. 

If cover is hard 1 to remove, then loosen 

nuts on reverse and brake adjustment nut as 
far as they will go and remove the slow 
speed adjusting screw. 

Removing Bands. 

Now cover can be pulled off, and then the 
bands. 

Place band nearest the flywheel over the 
first of the triple gears. Turn the band 
around so that opening faces downward. 
Band can then be removed by lifting up. 

If three sets of triple gears are so placed 
that one set is about ten degrees to the right 
of center at top, the operation is considerably 
simplified. Each band is removed in the 
same way. It is important to shove each 
band forward on to the triple gears—as at 
this point there is only sufficient clearance 
in the crank case to allow the ears of the 
transmission bands to be turned down. 

Rellnlng Bands. 

Instructions for relining brake bands are 
given on pages 688 to 690. 

Never use linings containing metallic rein¬ 
forcements for the transmission bands. Spe¬ 
cial Ford linings should be used. Particles 
of wire, worn from ordinary band linings, are 
apt to cut through the insulation of the mag¬ 
neto, which is in the same compartment as 
the transmission. A short circuited magneto 
necessitates pulling the engine out of the 
car for repairing. 

At the Ford branches or agencies, transmis¬ 
sion bands can be exchanged for 40 cents 

Explanation of 

Illustration on next page explains the relation of 
one part of the transmission to the other—as does 
also the illustration on page 775. 

Figures 19 to 190 illustrate the parts*of the 
transmission separated, but in their respective or¬ 
der to be assembled. 

Cllutch; note the 12 small clutch disks or thrust 
plates (20D) and the 13 large disks (20E), are 
placed together alternately (see 19B). 

The projection on small plates flt slots of disk- 
drum (190). The latter being rigidly fastened to 
transmission shaft (T8), whereas the slots in large 
plates fit in projections (LPP) of illustration 20A. 
The disk-drum (190) is fastened to transmission 
shaft by set-screw (8). The pressure of the 
4 'dutch push ring" (19A) due to the tension of 
"dutch spring" (19) against 1 'clutch fingers," 
causes theelerge and small disks to grasp. The ad¬ 
justment of clutch fingers is made by screws (AS). 


each. As the cost of the linings and rivets 
is about 30 cents, it usually pays to ex ch a ng e 
the bands. 

Use soft brass rivets: When relining the 
transmission bands use soft brass rivets. If 
iron rivets are used, particles of iron, worn 
from the rivets, will be attracted to the mag¬ 
neto, and will tend to cause short circuits. 

Iron rivets are so hard that they will cut and 
score the soft iron brake drums, thus making them 
liable to break. 

To Install Bands. 

Simply follow the reverse of the procedure 
of removing the bands. When the three bands 
are placed in an upright position on the 
drums, the ease of placing transmission cover 
on can be facilitated by passing a cord around 
the ears of the three bands, holding them 
in the center—the pedal shafts can then be 
made to rest in the notches in the band ears. 

The clutch release ring should also be 
placed in the rear groove of the clutch shaft. 

Replacing Transmission Cover. 

First—tie the lugs of the three bands to¬ 
gether tight, with a piece of wire or cord— 
or construct a band holder as shown in 
16, page 776. 

Second; make sure that all the gaskets are 
in place and that none of them are defective. 
Broken gaskets will allow oil to escape, when 
the engine is running. The oil is splashed 
around in the transmission case by the fly¬ 
wheel and transmission drums. 

Third; loosen the nuts on the brake and 
slow speed studs as far as they will go, with¬ 
out danger of falling off. 

Fourth; compress the springs on these oper¬ 
ating studs. This will make it much easier to 
replace the transmission cover. 

Fifth; replace cover and all the bolts, and 
tighten them securely. It is not usually nec¬ 
essary to fit those around the sides with cot¬ 
ter pins. However, the bolts holding the 
universal ball cap must endure greater strains, 
so they should be fitted with cotter pins. 

Remove the cord or wire, which were need to 
hold the bands in piece while the cover was being 
installed. 

Adjusting Bands. 

Adjust bands so that the pedals can be 
pushed down to within a couple of inches of 
the floor boards, before the bands grip tight¬ 
ly. After running a couple of hundred miles, 
adjust the bands again, use double end 
wrench, No. 1917. 

Transmission. 

Transmission shaft (T8) and small plates (20D) 
run free in brake drum, when clutch is disengaged, 
in other words the small plates revolve with flywheel. 

Slow speed drum (19E) fits over the part 4R) of 
brake drum (19D). Driven gear is fastened to 
hollow shaft (M) of brake drum (19D) by means 
of two Woodruff keys. 

Triple gears (TG); (K) are the reverse gears, 
(P) the slow speed gears, and (P 1 ) thp driving 
gears. These gears are fastened rigidly together 
in groups of 8 and are called triple gears on that 
account. There are 8 groups and they revolve 
freely on pins (TGP) of fly wheel. K—meehes with 
gear on reverse drum (19F); P—with gear (G) on 
hollow shaft of slow speed drum 19E; P>—meshes 
with driven gear, and is keyed to hollow shaft (M) 
on brake drum 19D, which projects past gear G. 
The action can now be studied by referring to this 
illustration and page 775. 


/1 HART NO. 826—Removing and Replacing Transmission Cover and Bands. 
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How to Assemble the Transmission. 


First—assemble the group of parts as shown in 
20C as follows; place the brake drum (19D) so 
that hub is in a vertical position—place the slow 
speed drum (19E), with gear (G) up, over the 
shaft (M) of brake drum. The slow speed drum 
will then fit over (R). 

Next, place the reverse drum (19F) over the 
hollow shaft of (19E) so that the jeverse gear 
(0) on drum surrounds the slow speed gear (G). 

Then fit two Woodruff keys in the shaft of 
slow speed drum at (M) and place the “ driven 
gear” (with teeth down) so that they will then 
come next to the slow speed gear (G). 

Triple gears (TG) (all 3 groups); should now 
be meshed with the driven gear, according to the 
punch marks Qn the teeth—the reverse gear or 
smallest of the triple gear assembly being down. 

When the triple gears are properly meshed, 
tie them in place with a string or cord passed 
around the outside of the three triple gears. 

Second—assemble parts to fly wheel per BOB; 

place fly wheel on bench with face down, and 
shaft vertical. 

Turn the group (20C) up side down, and place 
over the transmission shaft—so that the three 
triple gear pins (TGP) on fly wheel will pass 
through the triple gears. 

This will now leave the brake drum on top, as 
shown in 2OB, ready to take clutch disks (19B). 

Fitting the Clutch. 

Third—-At the clutch disk drum key in the 
transmission shaft; press the clutch disk drum 
(19C) over the transmission shaft (T8) (2OB), 
and put set screw (S) in place to hold the drum. 

Put a large clutch disk (20E) over the elutch 
drum, then a small clutch disk (20D) alternat¬ 
ing with large and small disks until the 12 small 
and 13 large disks are in place—a large clutch 


disk—or “thrust plate” as it is termed, will 
then be on top as shown at (20A). Don’t put 
a small disk on top. 

Now place the “clutch push ring” (19A) 
over the clutch drum, so it will be on top of 
the disks—with the pins (1) up. 

Fourth—group 20; next bolt the “driving 
plate” in such a manner that the adjusting 
screws of the three “clutch fingers” will press 
against the “clutch push ring pins” (1). 

Fifth- -it Is now advisable to test by moving 
the clutch disks, and see If they will move freely 
by hand. If properly assembled, the fly wheel 
will revolve freely while holding any of the 
drums stationary. 

Sixth—assemble the clutch spring parts. 
Place “clutch shift” (parts 20), over the driv¬ 
ing plate hub (J), so that the small end rests on 
the clutch fingers. The clutch spring support is 
then slipped into the spring so that the flange 
(F) will rest on the upper coil of* the spring, 
then insert “clutch spring thrust ring”* and 
press same into place. Insert the pin in the driv¬ 
ing plate hub at PB[, through the hole (Hi) In 
the side of the thrust ring. This' part of the 
work requires some “knack” but is simplified 
considerably by using a compressor similar to 
that shown on page 819. The large holes (H) 
in clutch spring support facilitate the insertion 
of the pin. 

Another easy method of compressing the clutch spring, 
so that the pin can be inserted, is to loosen the tension 
of the three clutch finger adjusting screws (AS). 

When the clutch is tightened up again, the spring 
should be compressed to within a space of 2 or 2%e* 
to make sure the clutch spring does not slip. 

The adjusting screws (AS) should be edjusted so 
that there is even tension all around the clutch disks. 
These screws are now provided with a slot and it is 
necessary to turn them at least 1 revolution so that 
the slot comes in line with the cotter phi holes, then 
insert the cotter pins. 


CHART NO. 326A—Assembly of the Transmission and Clutch. 

y 'On the new cars "clutch spring thrust ring" is not used, its function being incorporated in "clutch spring 
, port" the inner end of which is contracted and has 4 small lugs for the reception of the "thrust ring pin.* 
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.NUT ON FRONT Bear Axle and Parti. 

END OF RADIUS The homing i* made in twe 
ROD.— KEEP TIGHT. parts, (iig. 24.) The later types of 
rear axle housings are much stronger 
than thosd made in earlier years. 

Drive shaft and housing (fig. 15.) 
The housing or tubing, encloses the 
drive shaft and also takes the torque 
or twist off the rear axle, when the 

V car is being started or stopped. This 

V sometimes causes the tube to break, 

\ near the rear axle. 

\ Drive shaft and its bearings (fig. 

\ 26.) There is a roller bearing to aup- 

. \ port the shaft and pinion, and a ball 

t \ thrust bearing above the roller bear- 

\ \ ing to take the thrust of the pinion 

\ \ against the drive gear. 

\ \ The entire rear axle and drive shaft, 

a aoAmc per fig. 24—must be removed when re- 
u >.A\ pairs are to be made to differential, 

n/CrfyNA ROD drive gears, or new axle shaft installed. 

To Remove Bair Axle. 

w V imam Jack up car and remove rear wheela 

V (»•• chart 828). Take out 4 bolts 

ffcaLBRAF connecting unniversal bolt cap to 
transmiasTon case. Then disconnect 
brake rods. Remove nnts holding 
spring porches to rear axle hoaxing 
ikr flanges. Raise frame at rear and re- 

)UND move entire axle, (see fig. 21.) 

5/N6 Disconnecting Universal Joint. 

The two plugs from top and bot¬ 
tom of ball casting must be removed, 
then turn shaft until pin comes op¬ 
posite hole. Drive out pin and force 
joint away from shaft, (see fig. 80..) 

To Disassemble Rear Axle. 

See fig. 21 and 24. Disconnect uni¬ 
versal joint first, then radius rod*, 
then loosen nuts on stnds holding 
drive shaft to rear axle (fig.' 21.) 
Next, remove the nuta holding the axle 
—housing together over differential as 
per 24. The axle housing, in twe 
parts is then removed from axle 
shafts. 

\\ To Remove Axle Shafts. 

Follow the plan in preceding para¬ 
graph, and as per fig. 21 and 24. Take 
H the inner part of differential casing apart 
and draw axle shaft through casing at 
J the center. 

When replacing axle shaft be sure rear 
wheels are firmly wedged on at outer end 
and key in proper position. With a new 
car the hub caps should be removed and 
lock nut tightened, in fact it is essential 
SHAKE DRUM that rear wheela be kept tight. 

ON REAR WHEEL If rear axle or wheel is sprung by skid- 
WHICH F/TS OVER ding or striking a curb, or if axle shaft 
BRAKE. •• bent—replace at once, 

cial 

Removing Drive Pinion. 

H The pinion end of the drive shaft, to 
eAr which the pinion is attached, ia tapered 

to fit the pinion tapered hole which is 
i jblQ PS keyed onto the shaft, and then addition- 
ally secured by a cotter-pinned “caatel- 
7S*. lated" nut. Remove the castle nut, and 
jLgM drive the pinion off. (fig. 25 and 26.) 

No adjustment is provided. Fit new 
parts if worn. 


“ A 


AXLE HOUSING 


•fe&iS: 







STUDS WHICH HOLD 
DRIVE SHAFT HOUSING/ 



Pi 2* 24 - DRIVE SHAFT HO US IN Or 


CHART NO. 827—Rear Axle. Special Geer Ratios. 

—Rear axle is a semi-floating type and it is necessary to remove entire axle assembly and then the housing 
er fig. 24). to reach differential and drive gears. (see also page 660.) 
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The Differential. 
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Fig. 28. 


The principle of a differential U explained on 
page 85. There is no adjustment on the Ford 
differential between the pinion and drive gear. 
New parte are usually fitted. 

Removing differential gears: The gears are keyed 
on to the axle shafts and held in position hy a ring 
or split washer, which is in two halves and fits 
in a groove in the rear axle shaft, (see fig. 96. page 
782.) 

Faroe them down on the ehaft, away from 
the end to which they are secured, drive out the 
two halves of rihg in the grooves in shaft with screw 
driver or chisel, then the gears can he forced off 
the end of the shafts. 

Bear Wheels. 

Are fitted with pressed steel brake drums to 
which the emergency or hand brake operates. 8ee 
fig. 29, 28 and 21. 

To remove rear wheels take off hub cap, remove 
cotter pin, unscrew nut and with a wheel puller 
remove wheel from tapered shaft to which it is 
locked with a key. 


chart 829) and then turning the elevieee on the 
brake connecting rods until the two brakes grin 
equally. Be sure that the clevises catch enough 
threads on the brake rods to give strength. 


(NUaOSPm UfNVMtSM. 

SMmaQmv tf) 



■XSS&s 




Fig. 29. 

Brakes. 

*lg. 29. The cast iron brake shoes will wear if 
used very much. This brake is usually used for 
holding car when at rest on an incline and not 
for slowing down car. 

Brake shoes, lined with asbestos fabric can be 
obtained from accessory dealers and will last longer 
than plain cast iron shoes. 

To replace these brake shoes, (l) remove the 
rear wheels; (2) unscrew nut and bolt on which 
the brake shoes are pivoted to the axle housing. 
Brake shoes can now bo pulled off. 

Pnt springs in place on new brake shoes; then 
place open ends of brake shoes over the cams, and 
swing brake shoes into place. 

Replace wheels, and tighten the axle shaft nuts 
securely, before putting the cotter pins in place. 

Equalise the rear hub brakes, by removing cotter 
pine and pulling out the clevis pins (see fig. 88, 


Fig. 80. 

Universal Joint and Shaft Bushing. 

Fig. 30. The universal joint and the driving 
shaft front hushing. When this bushing becomes 
worn, (which will take a long time, if the grease 
cup is turned regularly) it will he necessary to 
have the new hushing forced in at a Ford repair 
shop and then reamed to fit the axle shaft. This 
is a machinists job. 

A Special Transmission. 

A two speed rear axle is made for Fords by 
specialty concerns, which ia useful for ana-ton 
truck work. This gives 4 speeds. The third 
speed can be used on steep hills without holding 
foot on low speed pedal. (Woodword Truck Att. 
Go., Los Angeles, Calf.) 

♦Gear Batios. 

The standard ratio is 3%i to 1. Changes can be 
made by purchasing the gears, fig. 27, from De¬ 
troit Radiator Specialty Go., Detroit Michigan. It 
is necessary to change both drive gear and pinion. 

For racing use to 1; Fast roadsters nse 2% 
to 1; General use for level country nse 8 to 1; 
General use; average country use 8%i to 1; Trucks, 
use 4 to 1. 

For racing on dirt tracks where a quick pick up 
is required, the 3 to 1 is recommended. The 2% 
to 1 and 3 to 1 are interchangeable. The number 
of teeth are as follows for various ratios: 

2% to 1; gear 86 teeth, pinion 13 

3 to 1; gear 39 teeth, pinion 18. 

3%i to 1; gear 40 teeth, pinion 11. 

4 to 1; gear 40 teeth, pinion 10. 

Average speeds: 2% to 1; 60 to 65 m. p. h.: 
3 to 1, 50 to 60 m. p. h.; 4 to 1, varies according 
to weight; average 25 to 35 m. p. h. 


0HABT NO. 828—Bemovlng Bear Axle Assembly and Parts. Beplacing Brake Shoes. Univen 
Joint. Gear Batioa. 

See page 825 for Ford truck. *The Krom-nlk Gear Oo., SOI Grant Park Bldg., Chicago, supply differential gui 
4.2 to 1 ratio for hilly country and 8 to 1 for racing purposes. 




782 


FORD SUPPLEMENT. 



n«. SI—Remedying excess of oil leakage out of 
wheel hearings: The oil from the transmission works 
down the drive shaft, through the universal joint 
through the differential out the axle ends, causing 
an excess of oil on the brakes. 


Grease Leaks from Bear Axle. 

Grease leaks from rear axle: Due to too 
much grease. One and a half pounds of 
grease is plenty, but a small amount should 
be added every thousand miles. 

Another reason for the leakage is, that in this 
construction Hyatt roller bearings are used, 
which tend to permit leakage of fluid or semi¬ 
fluid lubricants. The crown wheel (or main 
differential gear) takes up too great a quantity 
and distributes it to the shafts. The centrifugal 
action of these shafts carries the lubricant to 
the outer end and if felt washers are not in first 
class condition, the grease works out to the 
brake drums. 

Worn thrust washers allow axle shafts 
and differential to shift from side to side 
and pump grease out. This usually causes 
the grease to appear around the left wheel 
first, as that wheel is nearer the drive gear. 

Worn thrust washers will cause the gears 
to grind. The noise will change as the ear 
turns corners to right or left, and the 


To overcome this, place a felt washer at F. (Note 
the Ford stock numbers on these felt washers.) Then 
place steel washers (see illustration for sise) as shown 
in illustration. 

To put these washers in place, remove rear axle and 
rear half of universal joint, then remove front uni¬ 
versal cover ball cop cover. Put felt and metal 
washer on as shown by placing same over transmission 
shaft. Then put No. 2829 washer on after cover is 
removed. Note the pin which will hold the washers 
in place. The washer 2510B and steel washer are 
easily applied when universal joint is apart. Reas¬ 
semble carefully. 

_ Fig. 32— shows another sim- 

pie means of remedying this dif- 
/ Acuity if too much lubricant is 

• / /fl/Aryil carried in the differential, for a 

/ time at least * Out from a thick 

/ !H'f y 'J h / pad °* * eIt a Btrip that long 

/ IkiL enough to be wrapped around 

I 'LA the axle shaft three or four 

times. This felt should be thick 
\ WAT// enough so as to fit snugly be- 

V tween the shaft and the hous- 

ing ®ud wrap it around the 
^— shaft as shown. 

- ^ - Fig. 34—When a 

t \ Mm? Ford 9x19 *haft b »* 

v \ \ / comes bent at the 

\ \ lBSM / kub it may quickly 

\ \ \ f be straightened by 

\ \ y§BgKf / the device shown. An 

\ \^T\1 I °^ d Ford hub is at- 

< —sV JL. tached to a heavy 

Piece of pipe several 
X ^ feet long and this is 
\A r sli PPed on the bent 

\ ( » x le end while the 

\ \J X ' engine is turned over 

XJ^rX^Tat’*' Yfn slowly with high 

Lg --•. Fear engaged. The 

TJ \ , end of the pipe will 

/ v X I move ln a circle due 

'y/Vr jr ^X * ‘ * be hend and by 

qp JL — ^ pulling pipe back to 

' / axle center the axle 

/ 1 -1 can be straightened. 

Fig. 83—Oiling the emergency 

brake rod clevis pin. *** 


weight of car is shifted from side to side. 

Worn thrust washers require that the 
rear axle be removed from the car and 
taken apart, before new washers can be 
inserted. Ball bearing thrust washers are 
now made for Ford rear axles, and are 
claimed to wear longer. They should give 
less friction, and should therefore be 
useful for speedsters and racing. 

The felt washers become worn and hard 
with use. They can be replaced— after 
removing the wheels—without taking the 
axle system off the car. 

Two felt washers should be pushed on 
the axle shaft near the roller bearing next 
to the differential. A third felt washer 
should be placed near the outside end ef 
the axle shaft, just inside of the outer 
roller bearing. These felt washers are 
cheap, and easily replaced, and, if only one 
pound of grease is used, will usually cure 
the rear axle grease leakage. 

If light grease or oil Is used It will leak 
out rapidly. If the grease is too stiff and 
heavy, the gears will simply cut a groove 
through the grease and the bearings will 
not be lubricated. Mobilubrieant is often 
used for Ford rear axles, also Kaoga No. 2. 

1 £ Fig. 35X: A glass gangs oil level 

I indicator when screwed into the so- 

I gine crank case will indicate the 

D amount of oil at a glance. It is 

I advisable to place a stop cock be- 

X tween gauge and crank case and 

r keep it closed; only open when 

testing—to prevent loss of oil if 
on mi f«* gauge breaks. 



Fig. 34. 


Fig. 35: To Increase effi¬ 
ciency of exhaust for racing; 
a method, is to run pipes, with 
gradual bends from each ex¬ 
haust port to an expansion 
chamber. Pipe leading from ex¬ 
pansion chamber to rear should 
have a gradual increasing di¬ 
ameter to permit gases to ex¬ 
pand as they cool. 


Fig. 9«. — Ford 
differential gears 
can be removed i , 
from the shafts 
by placing an old || 
starting -crank * 

ratchet in the 
face of the gear and driv^ 
ing it with a hammer 
till the gear is belosv the 
half-moon key. The key 
is then removed and the 
gear driven off. 



1HART NO. $29—Remedying Excess Oil Leakage out Bear Wheel Bearings. Axle Straightening. 
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FI®. 36—Bight fide of Ford model T unit power 
plant. Showing inlet and exhaust manifold and 
valves. 


Crums!* hFao urrt orr 



Fig. ?8—Top view. Cylinder head removed 
showing cylinder bores, pistons and heads of valves 
in their seat. Note which are exhaust and which are 
inlet valves. 

The Power Plant. 

Engine, 4 cylinder, L head type with mechanically 
operated valves on the side. Bore 8% inches; 
stroke 4 inches. 22% h. p. Cylinders are “en- 
bloc** type. Power plant is “unit type” because 
engine and transmission are combined so as to form 
practically one unit. 

The cooling is by means of thermo syphon circu¬ 
lation as described on page 186 (figs. 1 and 2.) 

Ignition; source of electric supply is an inductor 
type of magneto (described on pages 803, 805 and 
265,) one part being attached to fly wheel and other 
part stationary. The current is carried to a com¬ 
mutator, thence to four high tension coils thence to 
spark plugs. 

Oarburstion; the Holley model 6, and sometimes 
Kingston model T carburetor is used as described 
on pages 708, 799 and 100. 

Transmission; of the planetary type. It gives 
two speeds forward and one reverse. When driv¬ 
ing on high speed the drive is direct and entire 
transmission revolves with drive shaft. When 
running on low speed the gears inside of low 
speed part of transmission are in action. The 
same when reversing. ^ 

The transmission is attached to the en^of crank 
shaft (see charts No. 331, and 323,) and enclosed 
in a housing which covers transmission, fly wheel 
and magneto. 

Gasoline feed system is gravity, see page 164. 

Lubrication; gravity and splash. The fly wheel 
in, revolving, picks up the oil and throws it by 
centrifugal force into the catch basin; from where 
it is led by % inch copper piping to the timing 
gears and then to the oil splash trough under the 
front cylinder, (see pages 772 and 197). 


Fig. 37—Left side. Showing cooling water inlet 
and outlet. Note cylinders are ”en-bloc.” a typi¬ 
cal unit power plant. 



to frame. 
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Fig. 39—The cylinder head Is removed by taking 
off 15, %ex2 9is inch cap screws on top of cylinder. 
Underneath the head there is a gasket. 


♦Removing the Power Plant. 

(1) Remove hood; 

(2) Drain the radiator; 

(3) Loosen bolts holding top hose connection; 

(see fig. 53, chart 835-A.) 

(4) Loosen bolts holding side hose connection 

to cylinder block; 

(5) Loosen radiator-to-dash stay rod; 

(6) Remove nuts and washers from the two bolts 
holding the radiator to the chassis; 

(7) Remove radiator; (soe page 789); 

(8) Loosen cap screw holding commutator. Plaoe 
commutator and wires to one side; 

(9) Remove spark plug, and magneto wires; 

(10) Remove spark plugs; 

(11) Remove cylinder head. (Makes engine 
lighter and easier to lift); 

(12) Remove 4 bolts holding universal ball cover; 

(13) Turn off gasoline and disconnect feed pipe 
from carburetor; 

(14) Remove nuts from studs holding inlet and ex¬ 
haust manifolds; 

(15) Take off the inlet manifold, with carburetor 
attached; 

(16) Take off exhaust manifold, with exhaust pipe 
complete; 

(17) Remove the two bolts holding the pans to 
each side of the base and knock the pans 
down out of the way; 

(18) Loosen nuts holding arm (A) fig. 9, page 
778) on lower end of steering post; 

(19) Remove three bolts holding steering column 
to chassis; 


Location of Valves. 

Location of valves: Front valve to the left of 
fan, (fig. 88), is No. 1 cylinder exhaust; then 
No. 1, inlet; then No. 2, inlet. No. 2, exhaust; No. 
8 exhaust is next, then No. 8 inlet; No. 4 inlet 
and then No. 4 exhaust. Note the exhaust valves 
are next to the water jackets and nearest to the 
port openings where the cooling action is most 
effective. 


(20) Loosen dashboard, and pull dash and steer¬ 
ing column up out of way. (Note: Not 
necessary to loosen dash or steering en 
1917 cars); 

(21) Remove nuts from front radius rod ball 
joint (see fig. 9-0, page 778); 

(22) Loosen and remove bolts holding engine to 
frame, and then power plant can be lifted 

out. 


CHART NO. 330 —The Power Plant. Removing Power Plant. See also page 806. 


See Insert No. 2, which is a half-tone engraving of the engine. ♦On 1917 and later cars, the engine can b 
removed without removing the dash or steering gear. The engine is brought forward until clear of dash, the: 
lifted up to the right, to clear the steering gear. j 
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FORD SUPPLEMENT. 



When 

No. 

1 

is on 

No. 

2 

la on 

No. 

4 

ia on 

No. 

3 

is on 

filRING 

Compression 

Suction 

Exhaust 

Exhaust 

FIRING 

Compression 

Suction 

Suction 

Exhaust 

FIRING 

Compression 

Compression 

Suction 

Exhaust 

FIRING 


Engine—note, there are four pistons. The 
crank shaft is of the 180* type. When pis¬ 
tons No. 1 & 4 are up; No. 2 & 3 are down. 

The Ford engine fires, 1, 2, 4, 3—that is, 
say No. 1 was starting down on firing stroke, 
No. 2 would be coming up on compression and 
would fire next; No. 4 would be going down 
on suction because it would fire after No. 2; 
No. 3 would be coming up on exhaust. 

*Cam shaft speed—Cam shaft runs % the 
speed of crank shaft, because the cam shaft 
gear is twice the size of the crank shaft gear, 
(see timing gear above and note small gear 
on end of crank shaft and larger cam gear on 
end of cam shaft.) 

Cam shaft gear has 42 teeth and is 
inches in diameter. The crank shaft gear 
has 21 teeth and is 2 % inch in diameter. 


A—Flan ge on end of 
crank shaft bolted 
to fly wheel. 

B—Magneto e o i U or 
spools, of which 
there are 16. They 
remain stationary. 
C—Magnets on fly wheel 
of which there are 
also 16. They re¬ 
volve with fly wheel. 
D—Bolts supporting the 
magnets. 

E—Fly wheel, bolted to flange on crankshaft. 

F —Planetary gears, called 11 sun and planet 19 
type. 

G—Clutch discs. 

H— Bing which presses against clutch discs 
when fingers are pressed on by yoke J, 
which causes clutch adjusting screw (I) 
.to press against ring (H) thereby press 
ing clutch disc plates (G) together, which 
causes drive shaft (L) to then transmit 
power through drive shaft to rear axle. 

I — Adjusting screw for pressure of finger 
against ring and clutch. There are three 
of these and three fingers. 

J —Yoke which throws clutch “in M and 
“our*’ by movement of side hand lever 
(see chart 325.) 

K—Spring which forces collar against fin¬ 
gers. 

L— Transmission shaft connecting with uni¬ 
versal joint, thence drive shaft. 

M—Collar supporting thrust of rear of spring. 

N —Transmission brake band, applied by 
movement of foot lever, marked (B), 
(see chart 325). 

O—Slow speed band applied by foot lever 
marked (C). The same lever operate# 
clutch. 

P —Reverse band applied by foot lever, 
marked (B), chart 325. 


ART NO. 331—Sectional View of Engine. Plan View from Beneath. Firing Order. Valve Ar- 
gement. 

>te: By mistake, only four cams are shown on cam shaft. There are eight as per fig. 0, page 86. See fig. 88, 
art 880 for location of valves. Also see Insert No. 2 




































































































































































































VALVE TIMING AND VALVE CLEARANCE. 


7M 


Inlet valve opens 
Ms in. (piston travel) 
after top center on 
1st stroke (as piston 
is Ms in. above cyl. 
when at top—it is 
now K in. above.) 


Inlet valve doses 
9is in. after bottom 
center on 2d stroke, 
(see last paragraph 
bottom of page). 


Exhaust valve opens 
Ms in. before bottom 
center on' 8d stroke, 
(see third paragraph 
from bottom o f 
Page). 


Exhaust valve closes 
on top center of 4th 
stroke. 

Note when piston 
is at top of stroke H 
is Ms in. above Cfi. 
casting. 


i 




••♦Meshing the timing gears: If the cam shaft is 
removed for any reason, care must be taken to 
replace it, so that the tooth of crank shaft gear, 
indicated t>y a mark (o) will mesh between the 
two teeth of the large time gear at the zero point. 


♦Valve Clearance. 

When the valves or push rods become worn, so 
as to leave too much play between them, thus re¬ 
ducing the lift of the valves and diminishing the 
power of the engine, it is best to replace the push 
rods wth new ones. 

The clearance between the push rod and the 
valve stem should never be greater than Ms in. 
nor less than Me inch. 

The correct clearance is naturally half way be¬ 
tween these two measurements. The gap should 
be measured when the push rod is on the heel of 
the cam—per fig. 4, page 94. 

If the clearance Is greater, the valve will open 
late and close early, resulting in uneven running. 

If the clearance is less than Mm in. there is 
danger of the valve remaining partially open all 
the time. (Don’t get 'adjustment too close). 

If replacing, if the push rod does not give the 
proper clearance, the valve should also be replaced. 

If a new valve is fitted it will be necessary to 
grind it in (see page 680 for valve grinding.) 

♦♦Valve T iming . 

Before timing or checking the valve timing, see 
that clearance is first adjusted. 

Then check the timing; take cylinder No. 1. 
Remove cylinder head so that the position of pis¬ 
tons can be measured from the top. For instance; 
in checking the timing, * the exhaust valve starts 
to open when the piston is 8 % in. from the top 
of cylinder (not from top of stroke) Me in. from 
bottom—say reach bottom and then move piston 
back Me inch. 

Timing the valves: Place piston Me" from top 
(level with top of cyl., as piston is Me" above it 
when on top of its stroke); turn cam shaft (gears 
out of mesh), until it is at point where exhaust 
valve is just closing (see fig. 45); the exhaust cam 
will then point away from the 0 mark on the cam 
shaft and crank shaft gears, which are directly 
opposite and on line. 


iragrapn mree unaer ug. «o. nu. * cjrimuoi 
The roller will be either on or to one side of, the 


In assembling the cam shaft to the large time 
gear, see that the first exhaust cam point is in the 
opposite direction from the zero mark on the gear. 

then be on firing stroke. 


W-ZtOf/jA 


km**-** 


Fig. 46—Removal of valve 
cover in order to adjust 
clearance of tappets and 
valves. 


brass segment or contact point of the commutator, depending upon whether 
the spark is retarded or advanced, (see fig. 87 page 803 and fig. 2, page 316.) 

Opening and Closing of Valves. 

The exhaust valve opens when the piston reaches Me in. before bottom 
center, the distance from top of the piston head to the top of the cylinder 
casting measuring 8H inches, (see fig. 48.) 

The exhaust valve closes on top center, the piston being Me in. above the 
cylinder casting (fig. 44). 

The intake valve opens Me inch after top center (fig. 41.) Intake valve 
closes Me in, after bottom center, the distance from the top of the piston te 
the top of the cylinder casting measuring 3M in. (fig. 42). In some Instances, 
for speed work the gears can be meshed so that inlet will open a little 
sooner, but engine will not idle very well. 


CHART NO. 382—Valve Timing. Valve Clearance. Meshing Timing Gears. 

♦See page 95 for meaning of “Valve Clearance.” **See page 316 for Ignition Timing. See page 57 for “Four 
Cycle” Principle. ***Spiral or helical timing gears are now used, instead of straight spur gears. Large time 
gear is No. 3047B and small one. No. 3048. 
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Fig 47—Removing collecting rod and pis¬ 
ton: One method of getting at the piston is to 
take off the cylinder-head, remove the cover 
from the bottom of the crank case and, by 
reaching through this,- remove the bolts hold¬ 
ing the connecting-rod lower bearings in 
place. After the connecting-rod bearing caps 
are removed, the piston can be pushed up 
though the top of the cylinder. 

The method of removing the piston is 
elearly illustrated. (Motor Age.) 

To remove the piston pin; loosen connect¬ 
ing rod clamp screw. 



BRONZE BUSH¬ 
INGS PRESSED 
IN PISTON IN 
WHICH WRIST 
PIN WOR«5 


^connecting 
ROD IS CLAMP 
ED TIGHT TO 
WRIST PIN 
AND WRIST 
PIN MOVES WITH 
CONNECTING ROD 

Fig. 48; con¬ 
necting rod is 
clamped to piston 
pin — see pages 
648 and 645. 




LOWER COYER 
CA/VBl RCMOVtO ft* 

QRPFH TORCAIH 

RODS. 

Wf TROUT D/S TUR&tm 
OTHER PARTS 


LOOSEN fOUH LOWER HALF OF 
BOLTS TO case 

universal OIL REMAINS ON 
JOINT FRAME 


Pig- 49—All parts of Ford engine can be 
removed in one unit and lower part or oil 
pan, left on frame as it seldom needs to be 
removed. 

To remove lower crank case cover, it is 
necessary to take out 14 capscrews (%ex%e 
inch.) Be careful to not destroy gasket and 
watch for oil in pockets under connecting 
rods. Note the lower crank case cover is the 
part upper arrow points to. 


♦Connecting Sod Bearings. 

Loose connecting rod bearings cause a rattle, or 
light knock, especially at light loads and high 
speeds. Heavier loads seem to steady the connect¬ 
ing rods. 

Long wear, pounding due to carbon, a spark too 
far advanced, or forcing the engine to labor on high 
gear; as well as lack of, or poor quality of oil, are 
the chief causes of loose connecting rod bearings. 

It is not necessary to drain the oil from the base, 
when making repairs to the connecting rod bear¬ 
ings, as the normal oil level is below the detachable 
plate on the bottom of the crankcase (see fig. 6. 
page 772.) 

Adjusting Connecting Bod Bearings. 

The connecting rod bearings may be adjusted, 
without taking out of the engine, as follows: (A) 
remove crank case lower cover plate on bottom ofi 
crank case and exposing the connecting rods; (B) 
remove the first connecting rod bearing cap, and 
draw-file the ends—just a little at a time; (C) re¬ 
place the cap, being careful to see that punch 
marks correspond, and tighten bolts until it fits 
shaft snug; (D) test bearing for tightness by turn¬ 
ing engine over by the starting handle; (E) now 
loosen the bearing and proceed to fit the other 
bearings in the same manner; (F) after each bear¬ 
ing has been properly fitted and tested, then tighten 
the cap bolts. 

There is a possibility of getting the bearings too 
tight and under such conditions the babbitt is 
liable to cut out quickly, unless the engine is rnn 
slowly at the start. After adjusting the bearings, 
jack up the rear wheels and let the engine run 
slowly for about two hours (keeping it well sup¬ 
plied with water and oil) before going out on the 
road. 


Bemoving No. 4 Connecting Bod Cap. 

Bring the No. 4 connecting rod about half¬ 
way up on the up stroke. Remove the cotter pin 
and nut, from the right connecting rod bolt. Now 
turn crankshaft over, by means of the starting 
crank, until frhe connecting rod cap is about half¬ 
way down on the other side. Pull out the other 
cotter pin and remove the nut from the bolt. Ford 
socket wrench No. 2322 can be used, if a couple 
of inches is cut off from the handle. Or, Walden 
wrench No. 5810 is specially made to reach this 
nut, and is very useful for this purpose (see chart 
341.) 

Be careful that the nuts and parts do not fall 
into the transmission case, and mark the connecting 
rod cap with a center punch before taking it off. 
so that it can be replaced in exactly the same posi¬ 
tion. 

Bemoving Piston and Connecting Bods. 

See fig. 47 above. 

When connecting rods become worn, they may be 
returned, prepaid, to the nearest Ford agent or 
branch house for exchange at a price of 75 cents 
each to cover the cost of rebabbitting. It is not 
advisable for any owner or repair shop to attempt 
the rebabbitting of connecting rods or main bear¬ 
ings, for without a special jig in which to form 
the bearings, satisfactory results will not be ob¬ 
tained. The constant tapping of a loose connecting 
rod on the crank shaft will eventually produce crys¬ 
tallization of the steel—result, broken crank shaft 
and possibly other parts of the engine damaged. 


IHABT NO. 333—Connecting Bod and Bearings. Bemoving Pistons and Connecting Bods. Three 
■oint Suspension of Power Plant. 

See also rage 641, 642, 648. 
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Fig. 60—To remove the center and front main hear¬ 
ing—remove nuts at (A) and (B) and draw long crank 
shaft bearing bolts (% threads) out from 

bottom, when lower bearing caps can be removed. 
It is not necessary to remove engine from frame. 

To remove rear main bearing it la necessary to re¬ 
move the engine from frame. If a special Ford wrench 
No. 1920 is used, one fly wheel bolt, holding fly wheel 
to end of crank shaft (see page 784) can be removed 
without further dismantling and then remove the two 
bearing nuts off lower part and bearing cap will lift off. 

To remove the cylinder head: Disconnect water hose 
from top plate,* after first draining radiator, discon¬ 
nect spark plug wires. Remove cap screws holding head 
to cylinders and Itft off. This can be done without 
removing engine from frame, (see also page 783). 


Fig. 61—Illustration showing the 
main bearing cap and bearing bush¬ 
ing, which is babbitt lined. Shims 
between bearing cap and upper 
bearing not shown. 

The three main bearings on 
crankshaft are babbitted. On the 
old 1910 models, the upper halves of the main bearings 
were plain iron and not babbitted. 



FIG.3I 


Crank Shaft Main Bearings. 

Wear of the main bearings of the crank¬ 
shaft will be evident by a rather heavy 
pound or thud, especially when the engine 
is pulling hard under a heavy load, (see 
page 639.) 

Wear of these main bearings may be due 
to; long use; not enough, or poor quality 
oil; allowing the engine to knock; from 
carrying the spark too far advanced, or 
carbon in the cylinders; to a sprung crank¬ 
shaft; tor failure to drain out the old oil 
regularly. 

The rear main bearing carries the heav¬ 
iest load and is usually the first to show 
signs of wear. This rear bearing supports 
the flywheel, the magneto, and one end of 
the transmission, in addition to support¬ 
ing the crankshaft against the thrust of 
the pistons. 

Looseness In the rear main bearing, may 
be detected by running the engine on No. 
4 cylinder and having the throttle wide 
open—this will show up a loose main bear¬ 
ing. 

The rear main bearing cannot be tight¬ 
ened, without taking the engine out of the 
car as explained under fig. 50. The middle 
bearing can be tightened, without taking 
the engine out of the car, but seldom needs 
adjusting unless the other bearings need 
it also. 



Fig. 61A—To re- 
move the Ford en- 
Shui from the frame 
vtthont raising body 
from frame; lake a 
hacksaw and cut out 
• square 1 in. by 1 
in. on each aide of 
fha daah. (Motor 
World.) 


**Adjusting Bearings. 

First: Take engine out of the car, remove crank case, transmission 
cover, cylinder head, pistons, connecting rods, transmission and mag¬ 
neto coils. Remove the three babbitted caps and clean the bearing 
surfaces with gasoline. Prussian blue is then applied, or red lead, to 
the bearing surfaces of the crank shaft, which will enable one to de¬ 
termine whether a perfect bearing surface is obtained when fitting the 
caps. 

Second; put the rear cap in position first, and tighten it up as much as 
possible being careful to not strip the bolt threads. Bearing, when 
properly fitted will permit the crank shaft moving with one hand. 
If it cannot be turned with one hand, between the bearing surface, 
contact is too close, and the cap requires shimming up, one or two 
thin shims usually being sufficient. 

If the crank shaft moves too easily with one hand, the shims should 
be removed and the steel surface of the cap filed off, thereby causing 
it to set closer. 


1 Third; after the cap has been removed, note whether the blue or red “spottings” Indicate 
a full bearing the length of the cap. If 4 * spottings ’ ’ do not show a true bearing surface, 
the babbitt should be scraped and the cap refitted until it fits properly. 


Fourth; the rear cap can now be laid aside and the adjustment of the center bearing can be 
made in the same manner. The operation can be repeated with the front bearing. 


Fifth; after you have obtained the proper adjustment of each bearing, the babbitt surface 
should be cleaned carefully and a little lubricating oil placed on the bearings, and the 
crank shaft; then draw the caps up as dose as possible—making sure the necessary shims 
are in place. There is no danger of getting the cap bolts too tight, as the shim under the 
cap and the oil between the bearing surfaces will prevent the metal being drawn into too 
close. Put oil on the bearing surfaces,, otherwise the babbitt is apt to cut out when the 
engine is started before the oil in the crank case can get into the bearing. When the crank 
ease and transmission cover on the engine is replaced, a new set of felt gaskets to prevent 
oil leaks, should be fitted. 


i 


CHART MO. 884—drank Shaft Main Bearings. Adjusting Bearings. 

*8ee fig. 68, page 789. See foot note, page 814 relative to counterbalances for Ford crank shafts. 
* # Set also pages 641, 642, 648. 
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To Remove Crank Shaft. 

First remove connecting rods and. the main 
bearings, disconnect the bolts holding the 
flywheel to the flange of the crankshaft, using 
Ford special wrench No. 1929. 

Removing the Camshaft. 

It is sometimes necessary to remove the 
camshaft in order to install new push rods, 
or to replace worn camshaft bearings, as the 
bearings are sometimes the source of knocks 
that are difficult to locate. 

It is a comparatively easy matter to remove 
the camshaft when the engine is out of the 
ear, but, contrary to the opinion of many own¬ 
ers of Ford cars, it is also fairly easy to re¬ 
move the camshaft without removing the en¬ 
gine. 

Procedure for camshaft removal: Remove 
the pin which holds the fan belt pulley on 
the crankshaft, (see fig. 78A, page 796.) 
Drive the fan belt pulley forward. Remove 
the cap screws, which hold the cylinder 
front cover to the cylinder block. Remove 
the commutator brush assembly, after 
driving out the pin which holds it to the 
cam shaft. Now the cylinder front cover 
can be removed. Next, remove the two cap 
screws in the side of the cylinder block which 
hold the camshaft bearings in place. 

It may now be possible to pull out the cam¬ 
shaft with its bearings, but if not, the plate 
on the lower part of the crank case should be 


removed, after the cap screws which hold this 
plate to the crank case have been taken out. 

Then a drift, or brass bar, can be used to 
drive the camshaft out from below, holding 
the end of the brass bar against one of the 
cams apd striking the other end of the bar 
with a hammer. Care should be taken not to 
punch a hole through the cast iron cylinder 
block while doing this part of the work. 

After the camshaft has been removed, the 
push rods will drop down and can be removed 
through the opening in the bottom of the 
crank case. Be sure to remove all the push 
rods. 

Installing New Push Rods. 

Place the new push rods in the guides. 
Small holes, near the top of each push red, 
will now be noticed. After putting the push 
rods in place, slip nails, or a piece of wire, 
through these holes, to keep them in posi¬ 
tion while the camshaft is being replaced. 
Then the camshaft and its bearings can be 
driven in, and the cap screws (which hold the 
bearings) tightened. 

The marks on the small crank shaft gear 
and on the large timing gear should be placed 
together, and the valves tested to make cer¬ 
tain that the valves open and dose at the 
proper time. Then the front cylinder cover 
plate should be replaced, and the timer brush 
assembly and also the timer cover. Then the 
fan belt pulley and the starting crank pin, 
and finally the fan belt. (Fordowner.) 


Causes and Cures of Overheating.* 


Carbon, In the cylinders. 

Remove the cylinder head and scrape out the 
carbon, as directed on pages 790 and 624. 

Driving on low gear. 

The engine should not be raced, when driving 
on low gear, and the spark should be well ad¬ 
vanced, because the engine speed is comparatively 
high. Do not use low, when high speed can be 
used without straining the engine. 

Spark retarded too far. 

Keep the spark advanced as far as possible, with¬ 
out causing the engine to knock. As the throt¬ 
tle is opened and the engine slows down, it is 
necessary to retard the spark. 

Poor ignition. 

If the engine is misfiring it is necessary to open 
the throttle much wider and retard the spark; 
this tends to cause overheating. 

Insufficient or poor quality of olL 

Lack of oil will cause such friction between the 
pistons and the cylinder walls that the engine will 
overheat and the pistons may stick. Poor oil 
burns up, or becomes thin and runs away so 
quickly that the parts are left practically with¬ 
out oil. Use good.oil—it costs less in the long run. 

Racing the engine. 

Olose the throttle when the clutch is disengaged, 
and so save gasoline and prevent overheating. 

Clogged muffler; too rich a mixture or too much oil 
will deposit soot in the muffler and by prevent¬ 
ing the escape of the exhaust, will cause over¬ 
heating. Clean the muffler by disassembling it. 
(see page 84.) 

Water frozen—steams (see page 579-193). 

To thaw out—open drain cock—water usually 
freezes at bottom of radiator—therefore pour hot 
water on bottom until circulation starts. This 
will be indicated by water running out of drain 
cock. Then close drain cock and fill radiator 
with water and keep engine running. Sometimes 
when engine steams if a blanket is thrown over 
the engine and radiator the heat will thaw out 
bottom of radiator.—see pages 579-193-800. 


ran not working properly. 

▲ broken, or a loose and slipping belt will not 
rotate the fan fast enough to draw a cooling cur¬ 
rent of air through the ra¬ 
diator. This will especial¬ 
ly tend to cause overheating 
when the engine is Idling 
or running on low gear. 
Tighten or replace the belt. | 
Perhaps it may be neces- | 
8 ary to bend the fan 
blades at a slightly sharper 
angle, in order to draw 
more air through the ra¬ 
diator. (see fig. 52.) 

Poor water circulation. 

Due to low water. As the thermo-syphon system 
Is used the water will cease to circulate as soon 
as the level falls below the inlet to the radiator. 
Keep the radiator well filled. (see last para¬ 
graph on page 590.) Leaks may lower the water 
level. The rubber hose connections may have 
rotted and a flap of rubber on the inside of one 
of these hose connections may seriously impede 
the flow of the water. 


Don’t get alarmed If the water bolls occasionally, 
especially in driving through mud and deep sand 1 
or up long hills In extremely warm weather. Re- I 
member that the engine develops the greatest efll* I 
ciency when the water is heated nearly to the boil- | 
ing point. But if there is persistent overheating 
when the engine is working under ordinary condi¬ 
tions—find the cause of the trouble and remedy it 
The chances are that the difficulty lies in improper 
driving or carbonised cylinders. 

No trouble can result rfom the filling of a heat¬ 
ed radiator with cold water—providing the waftr 
system is not entirely empty—in which case the 
engine should be allowed to cool before the cold 
water is introduced. 



HHART NO. 885—Removing Crank Cam Shafts. Causes and Cures of Overheating. 

'See pages 189 end 879. 
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RADIATOR REPAIRING. 7W 


Cleaning Radiator. 


TIm circulating system should bo carefully wasbod 
out, early In the spring, because the anti-freesing 
solutions, used in the winter, are apt to leave 
the tube clogged up. In summer, it is advisable to 
flush out the circulating system about once a month 
(see page 191). 

To do this properly, the radiator inlet and out¬ 
let hose should be disconnected, and the radiator 
flashed out by allowing the water to enter the flller 
neck at ordinary pressure, frem whenoe it will flow 
down through the tubes and out at the drain cock 
and hose. } 

The water jackets can bo flushed out in the same 
manner. Simply allow the water to enter into the 
cylinder head connection and to flow through the 
water jackets and out at the side inlet connection. 

Repairing leaky radiators, is hardly ever easy, 
although temporary repairs can often be made by 
the use of iron cement or cold solder (see page 
715), or by wrapping the damaged tubes with tire 
tape. But the leak should be soldered at the first 
convenient opportunity. 


Fig. 2 shows tho ping used to 
stop up the intake. Another just 
like it is used to plug the re¬ 
turn. It comprises three rubber 
packing discs, and a soft rub¬ 
ber disc all mounted on a bolt, 
and capable of being compressed 
by a steel block and a cam. 

The discs are cut to fit in the in¬ 
take, or return, as the case 
may be. The plug is shoved in 
as far as it will ge, and cam 
tightened. This squeesea the 
discs, forcing them out, and 
closing up the opening. 

Fig. 8—The flller opening seal is shown attached. 
A rubber pad is held by a metal plate over the 
opening, the whole being screw braced against a 
stirrup caught over threaded head of flller snout. 

The air pressure is applied to the radiator through 
the overflow pipe, and then it is immersed In a tank 
full of water, and the leaks determined by the bub¬ 
bles. The leaky parts are then marked. 



Fig. 53 — 
When remov¬ 
ing, leave hose 
and flange on. 



A jammed radiator tube is a more serious affair. 
While the stopping of one tube does not seriously 
interfere with the circulation, it is bound to cause 
trouble sooner or later—and the tube will freese in 
cold weather. Out the tube an inch above and be¬ 
low the jam and insert a new piece, soldering the 
connections. If the entire radiator is badly jam¬ 
med or broken it would probably be advisable to 
install a new one. 


Repairing. 

•The radiator is placed on a bench and the leaky 
part of the tubes heated with a blow torch. 
When quite hot—a little hotter than boiling—muri¬ 
atic acid soldering solution is poured through the 
fins, all over the leaky tubes, to clean their surfaeee 
•Fig. 1—A ladleful of solder is melted. The radia¬ 
tor is bolstered up from the bench on blocks, and 


Ft*. t-Cmtr-OM, for 


AUCCB END 
3UCHTIY f A 
LARCU? W\ 
THAN 


Hew radiator tubes can be purchased separately, 
for about five cents each, but it is necessary to 
take the radiator almost entirely apart before a new 
tube can be inserted. 


the melted solder poured through the radiator, over 
the leaky tubes. Note the method of catching the 
excess solder. 

Then the radiator is turned over and the solder 
poured in from other side in exactly same manner. 

A little more acid is then added and a torch 
applied to melt the solder and sweat it into all 
the leaks, closing them permanently. 


▲ new core or nest of radiator tubes and fins can 
also be purchased. If the radiator is badly dam¬ 
aged, by freexing or collision, it is often advisable 
to have a new core installed by a skilled radiator 
repairman. 

If the radlator-trtlash stay rod rattles, tighten 
the rod nut. 

Painting the radiator. Do not use a bright alum¬ 
inum, gold paint, or heavy enamel on the radiator 
fins or tubes, as these retard the radiation of the 
heat and are apt to cause the engine to overheat.— 
(see pages 194, 509, 591 and 736). 

It is no simple matter to pry the fins of the Ford 
radiator back to get at and solder up the leaky tubes, 
and the resulting job is usually bad looking, if not 
properly done. Herein is outlined a simple method 
of repair that does not destroy its appearance. 

Testing. 

After the removal of the radiator from the car, 
the first thing to do is to test it. The inlet, outlet 
and flller cap must be plugged, so that air pressure 
may be applied to the drain tube. Then if the 
radiator be put under water, the bubbles will show 
where the leaks are. 


Though leaks and splits of quite a large else may 
be fixed this way, it is occasionally necessary to 
tear the radiator down and put in new tubes. The 
hardest part of the job is tearing the radiator down 
to the core and building it up again, as this requires 
a good man with the soldering iron. 

After removing the two headers from the core, 
each tube is tested for leaks, and if leaky, marked. 

Providing no greater number than 10 tubes are 
defective, the radiator may be repaired. Any greater 
number than 10 makes a new core advisable. 

Fig. 4—Each of the defective tubes Is expanded 
by the tool. It is a piece of M -in. drill rod, upset 
at the end. and ground down into a sort of drill. 
This is run through the leaky tubes. 

Then a new radiator tube*is shoved through each 
of these expanded tubes, and the ends sweated to 
the outside of the old tubes. The radiator is then 
ready for assembling. 

The main precautions to observe in putting the 
radiator together are to have the surfaces dean, have 
the iron well tinned, clean and hot, and to use plenty 
of soldering compound. A little ^experience should 
enable any mechanic to do this job well, and at a 
profit to himself. (Motor World.) 


OBABT NO. 88S-A — Kepairlng tho Badlator. 8m also pages 194, 714 and 716. 

-Whit is known commercially as "50*50 solder" is adapted for this class of work—see also, pages 711. 718 
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♦Compression and 

If the compression Is poor, and the pistons 
and rings fit well, the valve may need grind¬ 
ing or adjusting. The compression can be 
tested, when the engine is warm, by pulling 
up slowly on the starting crank. The com¬ 
pression should be springy and elastic, but 
not as lively as that of other cars, on account 
of the drag and friction in the Ford trans¬ 
mission. (see pages 627 to 629.) 

Removing Valves for Grinding. 

Drain radiator. Remove cylinder head, and 
the valve covers on the right side of the en¬ 
gine. Use valve lifting tool (fig. 61, page 
633 also see chart 343) to compress valve 
springs and pull the pins out of the ends 
of the valve stems. Then valves can be pulled 
out. 

Grinding the Valves. 

A good grinding paste can be made of 
ground glass and oil—obtainable from auto 
supply houses. One method, is to put a small 
amount in a can top and add a spoonful or 
two of kerosene and a few drops of lubricat¬ 
ing oil to make a thin paste. 

Place the mixture on the bevel face of the 
valve sparingly. Place a spring under valve 

Valve 

If the valves fail to seat properly, it may be due 
to weak or broken springs. Weak inlet springs 
would probably not affect the running of the en¬ 
gine, but weak exhaust valve springs cause uneven 
action, which is difficult to locate. 

It will cause a lag in the engine due to the 
exhaust valve not closing instantly, and the result 
will be, a certain percentage of the charge under 
compression escapes, greatly reducing the force 
of the explosion. 


rinding the Valves. 

as shown on page 631. Put the valve in posi¬ 
tion on the valve seat, and rotate it back and 
forth (about a quarter turn) a few times, with 
a grinding tool, (see page 616.) Then lift 
slightly from the seat, change the position and 
continue the rotation and keep on repeating 
this operation until the bearing surface is 
smooth and bright. The valve should not be 
turned through a complete rotation, as this is 
apt to cause scratches running around the en¬ 
tire circumference of the valve and seat. 

When the grinding Is completed remove the 
valve from the cylinder, thoroughly washed 
with kerosene, and wipe out the valve seat 
thoroughly. Care should be taken that none 
of the abrasive gets into the cylinders or 
valve guides. This can be avoided if the 
grinding paste is applied sparingly to the 
bevel face of the valve, (see pages 630 
to 633.) 

When the valve seat is worn badly or 
seamed, it is then advisable to have it re¬ 
seated with a valve seating tool. Care should 
be exercised against making too deep a cut, 
otherwise the retiming of the valve will be 
necessary, (see chart 337.) 

Springs. 

A weak valve spring can usually be detected by 
the following method: Remove the valve plate 
(fig. 46, page 785) and insert a screw driver be¬ 
tween the coils of the spring while the engine is 
running. If the extra tension thus produced causes 
the engine to pick up speed, the spring is weak 
and a new one should be replaced. 

Valve springs consist of 11% coils of No. 104 
music wire, complete spring is 2% inches long and 
8 %2 inch outside diameter. 
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♦♦Causes of Engine Knocks. 


Carbon, is the most frequent cause of engine 
knocks. 

The spark too far advanced, will waste power 
and cause a knock. 

Loose connecting rod bearings, will cause 
knocks. 

Worn crank shaft main bearings cause knocks. 
Piston slap, due to loose piston. 

Worn or broken piston rings, will cause a 
light knock. 

Piston striking the cylinder head gasket. 


Before and After Carbon Cleaning. 

First, drain ths water off by opening the pet 
cock at the bottom of the radiator; then discon¬ 
nect the wires at the top of the engine and also 
the radiator connection attached to the radiator. 
Remove the 16 cap screws which holds the cylinder 
head in place. Take off the cylinder head and, with 
a putty knife or screw driver, scrape from ths 
cylinder and piston heads the carbonised matter 
(as per fig. 54) being careful to prevent the specks 
of carbon from getting into the cylinders or other 
openings. 


Loose camshaft hearings. 

Valve tappets out of adjustment, or badly 
worn, will cause noise. 

How to Distinguish Knocks. 

The carbon knock is a clear, hollow sound, 
most noticeable in climbing sharp grades, 
particularly when the engine is heated. It 
is also indicated by a sharp rap immediately 
on advancing the throttle. 

Too advanced spark will be indicated by a 
dull knock in the engine. 

The connecting rod knock sounds like the dis¬ 
tant tapping of steel with a small hammer, 
and is readily distinguished when the car is 
allowed to run idly down grade—or upon 
speeding the car to twenty five milee an hour, 
then suddenly closing the throttle the tapping 
will be very distinct. 

The crank shaft main bearing knock can be 
'distinguished, when the car it going uphill, 
ae a dull thud. 

The loose piston knock is heard only upon 
suddenly opening the throttle, when the sound 
produced might be likened to a rattle, (see 
also pages 685 and 637 to 639.) 


In replacing the cylinder head gasket turn the 
engine over so that No. 1 and No. 4 pistons are at 
top center; place the gasket in position over the 
pistons and then put the cylinder head in place. 
Be cure and draw the cylinder head capscrews down 
evenly (i. e., give each one a few turns at a time); 
do not tighten them at one end before drawing 
them np at the other. 


Removing Oarbon. 

Fig. 54—Oarbon removal le most easily done with 
a putty knife, after the cylinder head has been re¬ 
moved. The flexible putty 
- knife follows the surface 

better than the stiff and 
narrow blade of a screwdri¬ 
ver. Do not get the carbon 
in the openings into the 
water Jacket. This would 
tend to impede the flow of 
the water and might cauae 
overheating of the - 

The openings into the water jackets and the holes 
for the cylinder head bolts can be plugged with 
wooden pings, or pieces of cloth, until the scraping 
has been completed, (see page 624.) 



p NO. 886—Grinding Valves. Valve Sittings. Causes of Knocks. Oafbon Removal. 

70S and 817. **8ee also Dares 685 to 689. 




VALVES. 
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Fig. 55 — 
Dimensions of 
finished Out 
Iron load 
valve (stan¬ 
dard.) 

Fig. 56 — 
Dimensions of 
finished Tung¬ 
sten valve 
Made by Rich 
Tool Oo.. Rail¬ 
way Exchange 
Bldg., Chica¬ 
go, HI. 

(Shape o f 
valve is more 
like one shown 
in fig. 61). 


I 



Fig; 57 — OVenice 
valve stems are neces¬ 
sary when worn valve 
guides are reamed out. 
The standard oversise 
valve stem is Inch, 
(or in other words the valve guide* is reamed that 
mnch) larger. If the standard valve stem was 
inch, then it would be inch larger or inch 
diameter. 


Worn valve guides not only cause noise, but ad¬ 
mit sir to the mixture which causes misfiring and 
bad starting. 


Ford valve guides are a part of the cylinder cast¬ 
ing and cannot be renewed. Roaming and fitting 
oversise valves is a better method than to ream 
the guide large enough to put in a bushing. Un¬ 
less a great deal of metal was removed, the bushing 
would be so thin that it would not last long. 



Fig. 58—A valve guide reamer: 
When reaming the valve guides it 
is necessary to ream true, therefore 
a guide is necessary, the guide is 
shown clamped to cylinder head. 
The reamer is then passed through 
the guide and turned by a hand 
top wrenoh. This outfit sells for 
$1.50. 


Fig. 60—Valve seat reamer: 
is used for the same purpose 
in the valve seat as the refacer 
is used on the valve face. Just 
enough reaming is necessary to 
remove the pitting.* 

Can Ford valves be enlarged? 

This question is often asked. 

There is hardly enough metal to 
permit reaming out the valve 
ports more than inch. The 
diameter of the standard Ford 
valve is 1M inches (measured 
at the seat.) Reaming out valve seats to make 
them larger, is attended with grave risks of cutting 
through the metal and ruining the cylinder block, 
especially if the cores were not set exactly true 
.when the casting was made. 



Fig. 60. 


Fig. 59—Valve re- i 
facer: When Ford 
valves are badly pit¬ 
ted it is nearly im¬ 
possible to get a per¬ 
fect seat and the tool 
shown is designed to 
overcome this diffi¬ 
culty by refacing the valve instead of grinding 
(see also page 632). 

Fig. 61—Valve clearance ad¬ 
justers: When the space be¬ 
tween the end of the push rod 
(fig. 44, chart 882) and the 
end of the valve stem is more 
than inch (see page 785 
this instruction) then a click¬ 
ing noise is the result. As the 
Ford valve has no means of ad¬ 
justment it is remedied by 
either installing new valves and 
**push rods or using adjusters 
as shown in this illustration. 

Valve adjusters can be secured at the supply 
houses to place on end of valves if too far apart. 
They are made of hardened steel. The cap fits over 
end of valve and any number discs can be put in 
until space is as desired. They are made in %s. 

% and vie inch sizes. Fibre washers can also be 
obtained for the same purpose, which reduces the 
noise considerably. 

Ford piston rings: are cut 
with a slight taper so that the 
ring will bear on the lower edge. 

This is done so the ring will 
scrape the surplus oil from the 
cylinder wall on the down stroke, 
thus preventing an excess of oil 
getting to the compression cham¬ 
ber. 

There is a punch mark on the 
Inside, upper edge of the Ford 
rings (see P, fig. 17). On the 
earlier rings, there was a file 
mark in upper edge, to show 
which side to place up. If ring 
is upside down, it will have a 
tendency to pump oil. See also, 
pages 792 and 793. 

Overhead Valves for Ford Engine 
with 16 valves is made by Laurel Motors Cor¬ 
poration, Anderson, Ind., and give the engine in¬ 
creased speed and power for racing so it is claimed. 
They are made complete with a special cylinder 
head and manifolds. As they are equipped with 
sixteen valves,—instead of the usual eight,—the 
gases can be admitted and expelled from the cylin¬ 
ders with less wasted time, and so the engine gains 
both power and speed. But overhead valvee are 
generally considered more noisy, than valves en¬ 
closed at the side. The necessity for keeping six¬ 
teen valves ground and adjusted would seem to 
confine this type to racers and speedsters rather 
than for general use. The heating of engine is 
overcome by using a larger sise radiator and a 
circulating pump. 

The Oraig-Hunt Oo., Indianapolis, also manu¬ 
facture a 16 valve, overhead cam shaft complete 
for the Ford. 
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GHAUT NO. 887—Valve Dimensions. 


Valve Adjusters. 


Valve Guide Reamer. 


Valve Refacer an 


‘There is a limit to the amount of reaming that can be done. If reamed too often, eventually the valves wi 
be lowered enough to form a pocket, (see fig. 8, page 712.) *‘Push-rods W)4*in. oversize can be secured c 

supply houses. 
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FlGbS PISTON 


Pistons—Cast Iron. 

Pig. 68 —The standard Ford 
piston is 8 % inches diameter. 
The piston pin* is the oscillat¬ 
ing type as explained on page 
646. Therefore *‘bushings are 
necessary in the bosses. for. the 
piston pin to oscillate in. The 
pistons come with the bush¬ 
ings fitted. tOversises which 
can be secured are 8 % inch 
plus .0025, .005. .015 and .080. 
(G. H. Dyer Oo., Cambridge, 
Mass.) 

Rings—There are three rings, two placed above 
and one below, as shown in fig. 68 . They measure 
8 % inches diameter by M inch width (about .004 
less). Rings to fit oversise pistons can also be se¬ 
cured. (see pages 653 to 659, for ring fitting, etc., 
also page 609.) 

The rings are eccentric and thinner at the ends. 
Thickness at centnr is about .150 inch, at ends 
.085 inch. See also, page 791, 649. 

Aluminum Ford Pistons. 

Fig. 64—Aluminum pis¬ 
tons also called "Lynlte," 
are being advocated by va- * tHfc 

rious manufacturers. They 

claim that by reducing the x 

weight of the reciprocating np L \ p— 

parts it lessens the vibra- JjfVjTX.V 
tion and permits quicker 
“pick-up" and higher en- ffe 64 

gine speeds. 

Aluminum expands more rapidly than cast iron. 
Hence, these pistons must be fitted with greater 
clearance to keep them from sticking in the cyl¬ 
inders when the engine becomes very hot. 

Clearance * varies according to design and type 
of piston and speed of engine. 

For average speeds; .007 to .008 at skirt, and 
.014 to .016 at top* 

For racing; 60 to 70 m. p. h., .014 to .015 at 
skirt and .024 to .027 at top. 

As aluminum conducts the heat away more rapid¬ 
ly, it is claimed that less carbon forms on the top of 
an aluminum piston. It is also claimed that there 
is less friction between piston and cylinder walls, 
and that they cause less wear on the cast iron 
cylinder walls. 

Most aluminum pistons are supplied with some 
form of special piston rings, which are intended to 
prevent the leakage of the gases, thus increasing 
both the power and the economy. The extra 
clearance, when cold, is supposed to make the engine 
easier to crank, but unless carefully fitted, alumi¬ 
num pistons are apt to slap (see page 637) and 
rattle at low engine speeds, until they become 
warmed up and expand to a more perfect fit. 

The McQuay-Norris Oo. of St. Louis, Mo., manu¬ 
facturers of the “Lynite" Ford piston, state that 
the pistons they supply can be furnished in stan¬ 
dard 3% inches diameter and V 62 inch larger or 
to be exact 31 thousandths oversize. Also by 
special order any intermediate size (in thousandths 
of an inch) between the two dimensions just given. 
In ordering odd sizes, the exact diameter of cyl. 
bore must be given in order that the proper clear¬ 
ance can be allowed for pistons. 

When ordering pistons always state if “stan¬ 
dard" or “oversize" is wanted and if latter, cali¬ 
per cylinder walls carefully, per page 649. 

The Butler Mfg. Oo. of Indianapolis, supply 
aluminum pistons in sizes .002 to Vie inch and spe¬ 
cial orders %2 inch larger than the standard sise 
of 3% inches. They also state that from .0020 to 
.0025 clearance is allowed. They further state that 
%2 inch is the limit for reboring to oversize, (see 
pages 651 and 645 for piston clearance etc.) 


Fig. 65 — Shows u 
reamer which can be fit¬ 
ted to an ordinary drill 
press geared down to 80 
I f/f? rev. per minute. It is 

^fc'J fill fitted with a No. 4 

v Morse Taper shank. Oyl- 

inders can be enlarged 
to Vfa inch oversize, so 
FHO-Kf T M y I i that &2 inch Ford stem- 

fnA - dard oversize pistons 

" and rings can be fitted. 

^Enlarging Ford 
Cylinders. 

r] When oversize pistons 

are fitted to cylinders it 

3 is u8ua l to *ebore. ream 

or the cylinders 

4 A out to the proper also, 

fye w Jf 7 1 Ll\ \l There are different 

methods for doing this 
as explained on pages 
653, 654 and 616. In 

some instances, after an engine has been 

driven for 10 to 20 thousand miles, the walls may 
wear slightly and a slight oversize piston may be 
fitted without enlarging cylinder.t 

Aligning Reamer. 

Fig. 66 —Is a reamer designed to ream all throe 
main bearings simultaneously and saves much time 
in scraping and refitting bearings. 

a 1 The unequal 

BBMMNO distribution o f 

^ weight and driv- 

/ ing strain on the 

crank shaft of a 
Ford engine nat- 
Fig. 66 . r>+ r urally causes un¬ 

equal wear in the main bearing. It can be seen that 
tightening up only on the bearing caps will spring 
the shaft out of line and throw additional strain on 
the bearings, causing them to wear loose again 

very rapidly. This reamer will bring all bearings 
to proper size and perfect alignment. An allow¬ 
ance of .0025 inch is made for wear of crank shaft. 

This reamer can also be used for reaming the 
connecting rod lower bearings, as they are the same 
diameter as the main bearings. 

tfSpecial Reamers For Ford. 

Fig. 67—Expanding reamer: A good set of ream¬ 
ers are very essential to the repairman. This par¬ 
ticular reamer marketed by Stevens Oo.. 875 Broad¬ 
way, N. Y. is an expand- 
type. They are 
BumnsHHBBMnnF ground .005 inch under- 
Expanding Reamer g]ie and can be brought 

BP to .005 inch oversise. 
Inis is an added advan- 


Reamers are used for reaming out such parts as 
piston pin bushings, steering spring bushings, trans¬ 
mission triple gear bushings, cam shaft front and 
rear bushings etc. In fact they are indespensible 
to the repairman. 

Reamer for spindle body and spindle arm bushing: 

A 2 -in-l reamer for front axle bushings. The 5-inch 
section reams the spindle body bushings in perfect 
alignment at one operation. 

The 1 -inch section is for use in the spindle arm 
bushing, price each $2.40. 

Reamer for piston pin bushing: Used for ream- I 
ing through both the piston pin bushings for per- 1 
feet alignment of piston pins, price each $1.75. j 

Fig. 68—Reamers art I 
usually made with either 
straight or spiral flutes, 
(see page 706). Stevsns 
Co., 375 Broadway. N. Y. 
supply reamers. 


ITT art NO. 338—Pistons; standard and oversize. Cast Iron and Aluminum. Reamers for Oyttfi- 
Lers, Main-Bearing, Spindles, etc. 

‘Piston pin is inch dia. x 3% inches long. JSee advertisement of South Bend Lathe Works. 

‘Piston pin bushings (pairs) are phosphor bronze, lft ie inch dia. x 1 inches long. 

tStandard oversize piston is 3% plus V 62 inch, which is used when cylinder is rebored. .0025 can be used M 
worn cylinders without reboring—bnt bv rarefully lapping. If cylinder is out of round then r#bortaf 
necessary. ttReamers for transmission bushings, piston bushings and main bearings can be secured of K. A 
Wilson, 10-16 Lock St., Buffalo, N. Y. 
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Over-Lubrication of Cylinders. 

•When the spark plug is constantly oily or fouled 
and constantly missing and excess of smoke is emit¬ 
ted out of the exhaust, this indicates that too much 
eU is working past the piston rings, or at least too 
much oil is passing into combustion chamber from 
erank case. 

Causes. 

(1) The oil level in crank case may be carried too 

high. It should not be above the upper pet- 
cock in the crankcase. (see fig. 6, chart 

820). 

(2) The front spring may be sagged. If the 

front end of the engine is lower than the 

rear, the oil will not drain back into the 

sump until there is too much oil under the 
front piston. A.heavier pad between the front 
spring and the frame will level the engine. 

(8) The cylinder bore may be worn oval by the 
side thrust of the connecting rods on the pis¬ 
tons, or the cylinder walls may be grooved and 
scored. All four cylinders should be re¬ 

bored at the same time, and fitted with over¬ 
size pistons. 

(4) The points of the spark plugs may be too close 
together, thus allowing oil to short-circuit 
them too easily. Bend the points slightly 
farther apart and (not over inch) bend 
the side electrode upward, so that the oil will 
drain off to one side and not collect between 
the points. 

(6) Leaky piston rings—page 658 and 655. 

▲ broken piston ring will be indicated by a click 
or light knock, by loss of compression, and by 
smoke from the oil filler pipe or crankcase breather. 

Well fitted pistons and rings will almost invaria¬ 
bly cure trouble caused by overlubrication bf the 
oylinder. If it does not, and none of the above is the 
eauae, then the engine is afflicted with what is 
termed “piston pumping oll“ which is explained 
on page 653 and the remedy is to doctor the rings 
and pistou. 


inder wall* are not “scored'* (cut) see pages 652, 
660 and 658. 

ttPlston Clearance. 

Ford pistons should bo fitted with a clearance 
between pistons and cylinder walls of from .002 
to .005 Inch. Less than .002 inch is apt to cause 
sticking and more than .005 is apt to cause “pis¬ 
ton slap" (see page 637). 

Further instructions on the fitting of pistons 
and rings can be found by referring to pages 650 
and 657. 

^Increasing Compression. 

This means that by reducing the space in the 
combustion chamber from head of piston to inside top 
of compression chamber of cylinder—when piston 
is in its uppermost position—the gas would be com¬ 
pressed tighter, therefore more explosive force 
when combustion takes place. 

Opinions vary on this. For high speed work it 
might possibly help—but the heating will increase 
ana a circulating pump or larger radiator (special 
racing type—see page 820) will probably be 
uired. Refer to page 627, under head of 
ompression"—also page 817. 

The question was recently asked of a manufac¬ 
turer of Ford parts as follows: 

(Q.) Would you advise cutting cylinder base 
down H inch to increase compression on engiqe 
for racing! 

(A.) “It is much easier to plane off the cylinder 
head. Another method would be to use special 
pistons to Increase compression % inch. We had 
an experimental machine fitted in this manner and 
found satisfactory, and is no doubt the most practi¬ 
cal way. Increased water capacity is necessary 
and some form of circulating device such as a pump 
advisable." 

Right here the writer wishes to add that in a 
recent race tournament of Fords, not one of the 
engines had increased compression, (see page 817.) 

* 'R unning In* * En gine. 


^Remedying Piston Pumping OIL 

One method is to install a patented leak proof 
type ring (see page 655.) The patented ring Is 
usually placed at the top, to hold the compression 
above the piston, but is sometimes placed at the 
bottom as it is claimed that less oil will be nsed 
in this way. The use of all three patented rings, (if 
a tight fit) will sometimes prevent the walls of cyl¬ 
inders getting a sufficient amount of oil—therefore 
this must be considered and probably lapping the 
ring to cylinder as explained on page 657 will help. 

Another method, fig. 60—shows a piston doctored 
to prevent oil leaks; a patent two-piece ring, which 
is designed to hold the com¬ 

pression. Below the second 
ring (about four) %§ in. holes 
are drilled through the piston 
concave walls which allow oil 
scraped from the cylinder walls 
by the rings to run through 
these holes back to crank case. 

The bottom ring has one 

edge beveled or chamfered as 
shown in fig. 69. The Cham- 

_, fered edge of the ring should 

be placed upward, as shown 
v . on the piston, so that the 

jng. •». chamfered edge will slip over 

the oil, while the sharp edge on the bottom of the 
ring will scrape off the excess oil and force it back 
into the crankcase on the downward stroke, (see 
also page 658, “piston pumping oil.") 

Fig. 70 shows a method of chamfering the lower 
part of the 8 rings and is usually all that is 
necessary. This should be tried before fitting a 
patent ring or drilling piston. 

—-.. ■:. —3 



After engine has been overhauled, new rings, bear¬ 
ings, etc. fitted, it is a good plan to jack up rear 
wheels per fig. 72, put about 1*4 gallons of lu¬ 
bricating oil in crank case, put water hose in radia¬ 
tor and run engine for several hours to work rings 
and bearings “In." Note when “running in" an 
engine, the water should be kept running constantly. 



When -doing this work, the engine is usually out 
of the frame of car, therefore another plan would 
be to place the engine on a stand made for the 
purpose as in fig. 78 and run engine from a belt 
from line shaft. This of course is for a repair shop 
with considerable work. See also page 823. 

Many, after fitting parts and first following plan 
shown in fig. 72, then take car out and run slow 
and carefully—not over 12 to 16 m. p. h. for the 
first 600 miles—this Is very important as cylinders 
are liable to be cut. Use plenty of good oil. 
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Fig. 70. 

To chamfer means to bevel the part (as shown 
in illustration) with a file or emery wheel. Note 
Illustration gives an idea as to the amount and 
angle of the chamfer. This will permit cylinders 
to get oil but will prevent oil working past rings 
Into combustion chamber, providing of course, cyl¬ 
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Fig. 78—Engine stand constructed of wood. A 
regular front bearing bracket of the Ford is at¬ 
tached to stand to form the support for the front 
end. (See adv. Continental Auto Parts Co.) 


CHART NO. 830—Over Lubrication of Cylinders. “Running In" Engine. Increasing Compresaic 

*8ee page 586. “Spark Plugs Indicate Valve Condition." **See also pages 640, 629, 817 and 909. 

•The treatment applies only to those cylinders in which the spark plugs are constantly oil soaked, usual 
No. 1 (front), and often No. 4 (rear). JSee also, pages 652, 791. ttSee page 649; how to measure 
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♦Fair Charges for Overhauling a Ford. 

The price* given on this list are for individual re¬ 
pairs, and are the labor charges only. The ma¬ 
terials used and the parts installed should be 
eharged for extra, according to the established 
prices given in the Ford parts price list. 

The prices charged are amply high to cover the 
best quality of work, the work can be guaranteed 
at these prices, and the rppjiir shop will make a 
fair profit on the work. 


Engine Division. 

Charge 


for Labor. 

Overhaul— 

Engine and transmission.$18.00 

Engine only (or engine and transmis¬ 
sion out of car) .,. 14.50 

Transmission . 11.00 


Repair 

Burned out bearing .10.50 

Main bearing knock . 8.50 

Put in two or more pistons . 6.00 

Oylinder knock .5.00 

Put in two or more connecting rods or 

repair oil leak . 5.00 

Put in one new piston . 5.00 

Leak in crank case. 5.00 

Put in one connecting rod. 8.75 

Grind valves, clean carbon. 2.75 

Change transmission bands . 2.50 

Rebore and rebabbitt cylinder block in¬ 
cluding fitting of pistons.•. .. . 8.00 

Rebore cylinder block only. 2.00 

Tighten transmission gasket cover on 

case, or rqbush transmission. 2.50 

Oylinder head bolts (stripped). 2.50 

Replace crank shaft starting pin. 1.50 

Oylinder front cover .2.00 

Overhaul carburetor . 2.00 

Braze crank case arm only. 1.50 

Ohange cylinder head gasket . 1.25 

Tighten engine to frame. 1.25 

Commutator wire loom and brush. 1.00 

Assemble fly wheel only. 1.00 

Ohange carburetor .75 

Leaky door or clean crank case.60 

Ohange fan pulley assembly.60 

Oommutator pull rod ball joint.50 

Leaky carburetor . 1.00 

Rear System Division. 

Overhaul rear axle or install new housing... $ 6.00 

Ohange rear radius rod . 1.50 

Replace- 

Rear spring, tie bolt, or new leaf, in¬ 
cluding gTaphiting leaves and line up 

body rear spring tie bolt only. 8.00 

Rear spring tie bolt only . 1.50 

Rear axle assembly . 8.00 

Rebush system. 8.00 


Repair— 

Install universal joint . 2.50 

Shaft straighten . 1.50 

Dope leak, one side . 1.00 

Install brake shoes, each . 1.00 

Equalize emergency brakes and fit brake 
shoes or repair hand brake lever 

quadrant . 1.25 

Emergency brake only.75 

Tighten universal joint.60 

Ohange truss rods, each.60 

Ohange brake rod supports each.60 

Install or tighten rear spring retainer clip .60 
Front System Division. 

Rebush front axle .$ 5.00 

Rebush spindles (each side, $1.50).... 8.00 

Repair— 

Broken off radius rod ball cap stud.... 2.50 

Straighten front axle . 2.50 

Front spring tie bolt—or new leaf, in¬ 
cluding polishing and graphiting leaves 2.00 
Front spring or tie bolt—replace only.. 1.00 

Tighten ball cap or replace radius rod.. .60 

Chassis Division. 

Replace steering gear .$ 8.00 

Replace fenders, each.50 

Replace front cross member. 6.00 

Repair— 

Overhaul radiator . 6.00 

Remove shock absorbers—oil graphite 

spring . 5.00 

Leaky radiator—off the car. 3.75 

Straighten front cross member. 8.00 

Overhaul steering gear . 8.00 

Change coil with Yale lock. 8.00 


Replace muffler.50 

Install running board bracket. 2.50 

Starting crank . 1.25 

Install engine pans. 1.25 

Tighten steering gear. 1.25 

Replace wheel (1) $ .60; (4). 1.25 

Leaky radiator—on the car. 1.00 

Wheel, overhaul or change hub—each 

(cones and ball race). 1.00 

Adjust clutch .00 

Starting crank ratchet pin.60 

Gasoline.feed pipe or generator tube.60 

Tighten muffler or engine pan.60 

Install radiator or replace hose connec¬ 
tion, each .00 

Tighten or replace fender or running 

board.60 

Dope car .50 

Body Divlslpn. 


Repair—repaint and varnish car . 

Refit curtains and recover top. 

Reupholster body (if new material need) . 

Ohange closed bodies . 

Ohange touring car or runabout body... 

Tighten all bolts . 

Ohange dash . 

Ohange bow on top, each . 

Install (1) windshield glass. 

Install (2) windshield glass. 

Refinishing deck on torpedo body. 

Tighten all doors ... 

Tighten dash to body, or replace horn.. 

Replace top iron, each ... 

Holes in top . 

Replace windshield, tighten hinge screws 

or dash clips . 

Replace celluloid lights, each. 

Dent out of rear panel and reftnish.... 

Dent out of rear panel. 

Any side panel and refinish. 

Any side panel . 

Take dent out of door and reftnish.... 
Take dent out of door . 


$20.00 

10.00 

10.00 

8.00 

5.00 

6.00 

5.00 

2.50 
1.25 
2.00 

1.50 


1.25 

.26 


1.00 

1.00 


.50 

.60 

10.00 

8.00 

6.00 

4.00 

8.00 

2.00 


Overhaul Model “T” touring car or run¬ 
about including: 

Repainting car 

Repairing body, cushions and upholstering 
Top repaired or recovered 
Motor and tranamission overhauled 
Rear system overhauled 

Front system overhauled . 65.00 

Of course, if the car is equipped with an electric 
starting and lighting device, or even with a me¬ 
chanical starter, this may make the work of over¬ 
hauling more difficult, and so the repair shop will 
be quite justified in making an extra charge for the 
extra labor involved. If the car is fitted with 
shock absorbers or other supplementary springs, 
this mav make it more difficult to remove the rear 
axle and an extra charge is justifiable. 


What Constitutes an Overhaul 
The customary labor charge for a complete over¬ 
haul of a Ford touring car or runabout is $55.00. 
This is for labor only, the cost of the parts installed 
being charged for extra and usually making the 
total charge about $75.00, for a complete over¬ 
hauling. If the body of the car is not painted, an 
allowance of $5.00 for labor is usually deducted 
from this charge. The cost of the paint and var¬ 
nish is included in the labor charge. A co mpl ete 
overhauling should include: 

Removal of carbon from the engine, see chart 88$ 
and pages 623 to 626. 

Grinding the valves, if necessary, and adjusting 
valve tappet clearance, see charts 886 and 882, 
and pages 630 to 685. 

Cleaning gasoline line, and the carburetor, see pages 
162, 160. 

Flushing radiator and water jackets of engine; see 
pages 191, chart 835. 

Cleaning out old oil from crankcase, see page 201, 
Cleaning differential housing and filling with grease, 
see page 772. 

Clutch adjustment and relining transmisaion bands, 
see pages 776 and 777. 

Adjustment of connecting rod and main bearings. 

see pages 786, 787, 641 and 646. 

Fitting of pistons and rings, see pages 660, 657 
to 659. 

Adjusting, or replacing rear hub brake shoes, see 
page 781. 

Tighten steering gear, and spring clips and small 
parts, see page 778. __ 


'*HART NO. 340—Fair Prices for Overhauling Ford Cars. 

downer Magazine.) 

_ also naze 595. 
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**Wrenches for Ford Oar. 

Axle housing bolt and nut 6064 1620 
Ball socket bolt and nut 2718 

Brake band 4664 

Brake A rev. sup. bolt A nut 6020*2720 
Brake shoe support nut 2418 

Brake shoe support bolt 6020*2720 

Olutch lever screw and nut 2418*6018 
Ohitch release fork clamp screw 2718 
Oommutator case support bolt 6018*2718 
Connecting rod, clamp screw 2418 

Connecting rod cap bolt and nut 5810 
Crank case arm bolt and nut 2718 

Crank case lower cover screw 6064*1620 
Crank shaft bearing nut cen. A front 2418 
Crank Bhaft rear bearing nut 2418 

Cylinder cover A crank case 2418-6018 
Cylinder cover bolt and nut 6018-2718 
Cylinder cover cap screw 6018-2718 

Cylinder inlet connecting screw 1620 
Cylinder head cap screw 1620 

Cylinder head outlet con. screw 1620 
Cylinder valve cover stud and nut 2718 
Differential case stud A nut 1620 

Differential drive gear screw 6064-1620 
Drive shaft pinion castle nut 5660 

D. 8. Roller bearing stud and nut 1620 
Pan adjusting screw and nut 6018-2718 
Pan bracket bolt 2418 

Ply wheel cap screw 8822 

Pront fender iron bolt A nut 6064-1620 
Pront radius rod ball cap scr. 6018-2718 
Pront radius rod nut 2418 

Front spring clip nut 5660 

Pront spring tie bolt and nut 1620 

Hub bolt and nut 5660 

Inlet A exh'st clamp stud A nut 6018-2718 
Magnet bolt 6018-2718 

Main bearing nut 2418 

Main bearing bolt head 1620 

Muffler bracket bolt A nut 6018-2718 
Muffler rod nut 6064-1620 

Oil lamp bracket screw and nut 2418 
Radiator stud and nut 6018-2718 

Radius rod bolt and nut 5660 

Rear fender iron bolt and nut 6064-1620 
Rear spring tie bolt and nut 1620 

Rear hub lock nut 5660 

Rear spring clip nut 5660 

Reverse band 4564 

Run board fender bolt and nut 1620 
Running board bolt and nut 1620 

Slow speed connecting lock nut 4564 
Spindle arm nut 5660 

Spindle bolt nut 2418 

Spindle bolt 2418 

Spindle con. rod bolt 2418 

Steering gear post castle nut 6024-2418 
Steering post bracket 2418-6018 

Transmission band adjusting screw 4564 
Trans, band adj. screw nut 6018*2718 
Transmission band adjusting nut 4564 
Trans, cover bolt A nut 6018*2718 

Universal ball cap screw 2718 

Valve grinding tools, VG2, VG3. 


**“St. Louis” Evenlite. 

This device (fig. 10), controls the cur¬ 
rent from magneto and produces full 
candlepower of lights at 10 miles per 
hour and will afford a full, clear light 
at 6 or 7 miles with a very Blight de¬ 
crease from highest speed. Price com¬ 
plete, to go in dash under hood $4.00. 
To go on steering post, including a horn 
push button aul switch on the device, 
so lights can be turned on, dimmed or 
Can be connected in 30 minutes. 


Light Switch 

—T7*\ 



HKJroundl 


A0JJ X 



/ 9S3X 


t33*X _ 

clutch puller; old No. 1953X, new No. 3Z-614. 


H. LT- H. LV 
cut off, price $0.00 

Ford Special Tools. 
Rear wheel puller 
assembly: old No. 

1933X, new . No. 
3Z-612; cam gear 
puller; old No. 
1936X, new No. 3Z- 
611; transmission 


Cotter Pins for 
Ford Oars. 
There are a total of 
95 cotter pins used 
throughout the car, 
and 6 different sizes, 
as enumerated to the 
right. 


5—% 2 x No. 66. 
83—% 2 x No. 88. 
27 —%2 x No. 753. 

4—% 2 x 1" No. 421. 
11—He x H* No. 644. 
15— H x 1" No. 82. 


I WALDEN -WORCESTER 

|Ng4CCWIBINATION!WR ENCH SETJ 

SPECIAL FORD CAR H.4.UUI ■ 


FORD AUTO PLATE 
CUTS 


ftxza Mexz4 7 * 2 X 16 

YrtXZ 4 7*6X14 yjLXZO U.S.F. 



No. 4 — Combination 
wrench set: arranged 
for the Ford car but 
good for all cars.** 
Contains No. 511 
ratchet wrench, 9*; 
extension bar. 9*; 
Universal joint; 8 
pressed steel sockets. 
Sizes i% 2f i% 2 , 2 % 2 , 
2%2» 2%2. 2% 2 . 
and 1 % 2 ". 

Price $4.00. 


I ••Butterfield screw 
plate is designed for 
Ford Work, contains 
taps and dies, cutting 
all the threads for 
bolts and screws on 
the Ford. Made by 
Butterfield Oo., at 
Derby Line. Vt. 
(Also see page 618). 


W BUTTERFIELD It- CO, 


Inspection After Repairing; 

See to the Following: 

1— Cylinder head tight. 

2— All spark plugs firing, and tight. 

3— Fan belt tight. 

4— Fan bracket bolt and cotter pins tight. 

5— Adjust carburetor properly. 

6— Water connections t.ght and no leaks. 

7— Hood properly fit. 

8— Head lamps burn, properly focused, connections tight. 

9— Front wheels adjusted, lubricated and lined up. 

10— Fenders and running board bolts and nuts tight. 

11— Doors work properly. 

12— Emergency brake adjusted. 

13— Trans, bands adjusted. 

14— Floor boards fit properly. 

15— Grease in rear axle. 

16— Grease in all cups. 

17— Oil in engine. 

18— Water in radiator. 

19— Tires properly inflated. 

20— Examine tool kit. 

21— Curtains fit. 

22— Horn in working condition. 


CHART NO. 341—Wrenches (Socket). 

Wrench to Use. 

•See also page 613, ahd page 704, for taps and dies, "how to use.” 

**0an be secured of A. L. Dyke. Electric Dept., Granite Bldg.. St. Louis, Mo. 


Taps and Dies. Wheel and Gear Pullers. What Numbei 
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FORD SUPPLEMENT. 



Fig. 74—Right side of Ford engine showing 
different location and kinds of gaskets used. 


Fig. 76—Left side of Ford engine showing 
location and kinds of gaskets used. 




Gaskets. 

Set of gaskets and felt wash¬ 
ers for Ford car. 2680—Uni¬ 
versal ball cap gasket. 3070— 
Crank case and cyl. gasket, L. 
H. 3071—Crank case and* cyl. 
gasket, R. H. 3102—Crank case 
lower cover gasket. 3111—Oyl. 
valve cover gasket. 3363-— 
Trans, cover front gasket. 3377 
—Trans, cover gasket. 3379— 
Trans, sloping door gasket. 
3461—Control bracket felt. 4-F 
—Trans, cover strip 7%x%x 
%4 inch. S-F—Crank case arm 
strip 3ttxftx%4 inch. 3644- 
Steering bracket. 2610R—For 
rear axle, 2%ex%x%e in* 2809 
—For front hub, 2% in. diam. 
3012—For cyl. cover, Zx l%ex 
% in. 3279—For mag. contact. 
l*x%x%4 inch* 


GUIDE SCREW 


v GASKET 
CYLINDER BLOCK 


Fig. 78—Guide screws are 
handy for correct replacement 
of cylinder head gasket. They 
are made from cap screws with 
head cut off and slotted. Place 
one at front and rear diagonal¬ 
ly opposite. Then place gasket 
over guide screws and replace 
cylinder head. Screws can 
then be removed. 


Cylinder Head Gaskets. 

There is a copper-asbestos gasket between the 
cylinder head and the cylinder block. There is 
practically no water pressure on this gasket, but 
there is a cylinder pressure, of from sixty pounds 
on the compression stroke to 250 pounds on the 
firing stroke, which must be withstood by the gas¬ 
ket. As the cylinder head bolts contract, when 
cool, and expand when hot,—there are varying de¬ 
grees of pressure on the gasket, so the cylinder 
head must be securely seated to keep the cylinder 
head gasket from blowing out. 

The gasket is composed of asbestos fabric, be¬ 
tween sheets of brass and copper, (see page 717.) 
If examined closely, one end of the gasket will 
be found to have a different curve than the other. 
When the gasket is placed on the cylinder block, 
with its edges coinciding with the edges of the 
block,—the right side of the gasket will be turned 
upward, and no further trouble will be experienced. 

Shellac, should not be used, on either side of the 
cylinder head gasket or on any of the other gas¬ 
kets on the engine. If shellac is used, it will not 
be possible to remove the gasket without spoiling it. 
But, if grease is used, the grease will hold the 
gasket in place when the parts are being assembled, 
and it will cause no trouble when the engine is 
again taken apart. In this manner cylinder head 
gasket can be used several times. 

The metal surfaces, between whicn any of the 
gaskets are clamped, should be clean and free from 
grit. A small lump of dirt will tend to cause a 
leak and spoil the gasket. 

Asbestos can be substituted for head of cylinder if 
copper cannot be secured—sheet asbestos, sise lie 
thick x 7 x 20 inches. 


Cylinder Head Cap Screws. 

Cap screws are sometimes broken oft when being 
tightened. Ordinarily, this Involves the removal of the 
cylinder head and the attempt to 
|j B drill out the broken part of the 

I g § bolt. It is not easy to hold the 

m drill perfectly true, so that the 
f d II threads will not be damaged but 

| I by the use of the drill guide (G) 

S tt |J furnished with the set, the drill 

■: M J II can be held perfectly central, with- 

I p | ■ out the necessity of removing the 

fKy7r I ® cylinder head. Then the threads 
can be cleaned out with the %* 
inch tap, and the new bolt installed. The cylinder 
bolts must be kept rather tight, or water is apt to 
escape around the cylinder head gasket, (see else 
page 709. 

If cylinder head cap screw threads becomes 
stripped, it is not advisable to drill a hole in head 
for an ' ‘oversixe" screw, but drill cylinder block, 
tap and set in not less than a %x!8 thread blind 
plug, then drill and tap for standard cap screw 
(%exl4.) %e means the sise of screw and 14 means 
the number of threads to the Inch. 


Fig. 78A — 
Method of 
driving out 
pin in start¬ 
ing crank 
[ ratchet (R), 
when fitting s 



CHABT NO. 842—Gaskets. Broken Cylinder Head Capscrews. Stripped Threads. Starting Oraak 
Repair. 
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Device for Raising Rear End of Oar. 

Fig. 1 shows the hook in position for raising the 
rear end of car. By means of this device the rear 
end of v the car can be held up securely while remov- 
inf or repairing the rear axle assembly or spring. 
In attaching the hook place the clamps on end of 

each bar on the 
frame, then bring 
the ends of the 
bars together, one 
bar resting in the 
safety clevia on 
the other .bar. 
The links are then 
placed in the 
hook on the chain 
block and the car 
Fig 1-A shows in easily raised, 

detail with speci¬ 
fications the meth¬ 
od of constructing 
the rear end hook. 

This equipment 
can be made by 
local blacksmiths 
and Ford agents 
will And it an 
efficient help in 
their repair work. 








Fig. 1-A. 


Device for Raising Front End of Oar. 

. Fig. 2 shows device in position for raising the 
front end of a Ford car while removing or repairing 
front axle or spring. Each hook is placed on the 
fender iron below the nut on end of the lamp 
bracket. The ring is placed in the hook on the 
chain-block and the car easily raised. 

Ford agents will be able to have this equipment 
made by local black¬ 
smiths from the details and 
specifications shown in fig. 

2-A. The front end hook 
should be part of the equip¬ 
ment of every Ford repair 
shop. (Ford Times.) 


Fig. 79D — A twisted 
spring will keep the start¬ 
ing crank from rattling. - 
A screen door spring is 
often used. 


Fig. 79A—En¬ 
gine lifting 
hook; used in 
conjun c t i o a 
with a chain 
block to re* 
move the en¬ 
gine from the 
frame. It is 
in two parts, 
one U-shaped, 
and bent in 
the manner 
shown, having 
eyes to eaten 
j two manifold 
stud nuts, the 
other fastened to it, and bent to grab below the 
water jacket between the second and third cylin¬ 
ders. Ordinarily the manifolds, cylinder head, 
transmission case cover and crank-case base are re¬ 
moved, the illustration showing the application of 
the hook. When these are removed the engine will 
balance. 


Fig. 79R-Toel 
for removing 
the valves may 
be made from 
a piece of steel 
% in. round 
and about 12 
or 14 in. long. 
One end is 
flattened out 
for about 4 
in. and then 
drilled M in., and the flattened end is then notched 
in the manner shown to permit insertion beneath 
the valve locking washer. A piece of M in. rod is 
then bent at both ends, one end passing through 
the $4 -inch hole in the lever and the other being 
used to hook over one of the manifold studs. By 
the aid of this lifter the valve may be removed 
without removing either manifold. 

Towing in a Ford when the differential happens 
to lock or rear axle becomes defective—loosen huh 
caps, remove wheels and withdraw the keys in axle 
shafts. The wheels are replaced and car can be 
towed in with wheels turning free. Note—-grease 
well before starting. 

Auxiliary Wheel for Disabled 
Fords. 

Ford cars disabled by having the 
rear axle broken near the hub may 
be towed in by the aid of the de¬ 
vice shown. A bar of steel about 
8 ft. long and 1 % in. square is put 
in the lathe and a standard Ford 
hub turned on one end and fitted 
with the cones and locking nut. The other end of 
the bar is then forged out flat and bent to clear 
the rear brake band, after which the lower clamp¬ 
ing straps are riveted on. The addition of the up¬ 
per clamping straps and a standard Ford wheel 
makes the outfit complete. To use, the disabled ear 
is jacked up and the auxiliary wheel clamped in 
place, permitting the car to be towed in. In the 
case of a front wheel the procedure is much the 
same, except that, the cross-steering rod must be 
tied and the car towed very slowly. The device is 
not limited to use on the Ford, and has been used 
to bring in a 1-ton truck. 

•Rear Axle Stand. 

Fig. 79: Constructed of channel iron throughout, 
each upright laid out at a point of an L on the 

floor as shown. 
One-half of the 
rear axle housing 
passes through, 
and is held oy 
two of these up¬ 
rights, the other 
upright holding 
the torque tube. 
A steel cross¬ 
piece is riveted 
to this latter up¬ 
right, serving as 
a rest for the 
radius rods. 


F1G19 C ^ 



CHART NO. 848—Devlcfif For Raising Car and Engine. Other Useful Hints. 

*See advertisement of Contin ital Auto Parts Co. in back of this book. 
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FORD SUPPLEMENT. 


Carburetors. 
Two types of 
carburetors are 
furnished on 
Ford cars:— 
the Holley, 
made by Hol¬ 
ley Bros. Co., 
Detroit, Mich., 
and the Kings¬ 
ton, made by 
Byrne, Kings¬ 
ton & Co., Ko- 
k o m o, Ind. 
There is very 
little difference 
in the adjust¬ 
ing of these two carburetors, but there is con¬ 
siderable difference in their repair, so they are 
here considered separately. 

Dash Adjustment. 

Both Holley and Kingston carburetors are 
of the automatic type, having but one adjust¬ 
ment,—the carburetor ad¬ 
justment knobt is on the 
dash (fig. 81). Turning 
this knob to the right,—or 
in a clockwise direction— 
tends to give a weaker 
mixture and save gasoline. 
But, turning this knob to 
the left, opens the spray 
nozzle and gives a richer 
mixture, which makes start¬ 
ing easier. In fig. 81, the 
different positions are shown 
at A, B and C. 
Needle-valve Adjustment. 
After the new car has been 
thoroughly worked in, a file 
mark or notch should be 
made on the face of this knob, so that the 
driver can determine the setting, even in the 
dark. (A) indicates the position at which the 
engine runs most satisfactorily. In cold 
weather, it will probably be necessary to turn 
the knob at least a quarter turn to the left, 
as at (B)—especially when starting. 

As gasoline vaporizes more readily in warm 
weather, the driver will find it economical to 
reduce the quantity of gasoline in the mix¬ 
ture by turning the carburetor adjustment 
to the right (as far as possible without re¬ 
ducing speed) as indicated at (C). This is 
particularly true when taking long drives 
where conditions permit a fair rate of speed 
being maintained, and accounts for the ex¬ 
cellent gasoline mileage obtained by good 
drivers. 

Carburetor Adjustment. 

The usual method of regulating the carbure¬ 
tor is to start the engine, advancing the throt¬ 
tle lever to about the sixth notch, with the 
spark retarded to about the fourth notch. The 
flow of gasoline should now be cut off by 
screwing the needle valve down (to the right) 
until the engine begins to misfire; then grad¬ 
ually increase the gasoline feed by opening 
the needle valve until the engine picks up and 
reaches its highest speed—and until no trace 
of black smoke comes from the exhaust. 
Having determined the point where the en¬ 


gine runs at its maximum speed, the needle 
valve binding screw should be tightened to 
prevent the adjustment being disturbed. For 
average running a lean mixture will give bet¬ 
ter results than a rich one. 

♦Starting the Engine in Cold Weather. 

The usual method of starting the engine 
when cold is to turn the carburetor dash ad¬ 
justment one-quarter turn to the left in order 
to allow a richer mixture of gasoline to be 
drawn into the cylinders; then hold out the 
priming rod, which projects through the ra¬ 
diator, while you turn crank from six to eight 
one-quarter turns in quick succession. 

Another method of starting a troublesome 
cold engine is as follows: Before you throw 
on the magneto switch, (1) close throt¬ 
tle;** (2) hold out priming rod while yon 
give crank several quick turns, then let go 
of priming rod (being careful that it goes 
back all the way); (3) place spark lever in 
about third notch and advance throttle lever 
several notches; (4) throw on switch (being 
sure to get it on side marked “Magneto”); 
(5) give crank one or two turns, and engine 
should, start. After engine starts it is advis¬ 
able to advance the spark eight or ten notches 
on the quadrant and let it run until thorough¬ 
ly heated up. If you start out with a cold 
engine you will not have much power and are 
liable to “stall.” The advantage of turning 
on the switch last, or after priming, is that 
when you throw on the switch and give the 
crank one-quarter turn, you have plenty of 
gas in the cylinders to keep the engine run¬ 
ning, thereby eliminating the trouble of the 
engine starting and stopping. After engine is 
warmed up turn carburetor adjustment back 
one-quarter turn. 

To Facilitate Easy Starting. 

Some drivers make a practice of speeding up the 
engine by opening the throttle, just before stopping 
(by turning off the coil switch). This leaves the 
cylinders fully charged with gas. See bottom of 
page 158, left column. 

Pulling out the priming ring, and thus causing a 
very rich mixture to be drawn into the cylinders, 
is another method of stopping the engine that will 
make it easier to start in cola weather. If tried in 
warm weather, it is apt to leave such a rich mixture 
in the cylinders that the engine will be hard to 
start within the next hour or two. Explanation of 
"Rich and Lean Mixtures" is given on pages ISS 
and 169. (Also, see page 489, on starting engine 
with the switch open.) 

Kingston carburetor in shown in sectional view on 
page 160. This shows how the gasoline enters the 
carburetor, is vaporized in a current of air, and 
then passes through the inlet manifold to the engine 
in the form of an explosive mixture, which gives 
the power. 

The hot air pipe, from the air intake of the car¬ 
buretor to the exhaust manifold, ia useful in sum¬ 
mer as well as winter with poor gasoline (see page 
155). 

Float Level Adjustment of Kingston. 

Model T Kingston, used on 1918-14 Ford ears. 
Float should be set to show a clearance of inch 
from top of the float to the top or face of the cap 
casting, (model L, 1915 same.) 1 

Model L-2 Kingston. The action and the float | 
setting of this carburetor is entirely different from 
that of the other two models. The float is hinged 
directly to the body, instead of in the cup, as in 1 
models T and L. To test the level of the float, 
turn the body upside down and when properly sot. 
it should show a clearance of %a inch from the 
machined surface on' the top casting to the top of 
the float, at a point directly opposite the point 
where the float is fastened to’the body of the car¬ 
buretor. (see chart 346 for level of float of Holley). 



tional view. 



Fig. 81—Carbure¬ 
tor dash adjust¬ 
ment. A—is the 
position for cor¬ 
rect mixture; B— 
for rich mixture; 
0—lean mixture. 
Adjustments i n 
this direction 
saves gasoline. 


JHABT NO. 344—Carburetor Adjustments—Kingston. The same needle valve or dash adjustaett 

pplies to Holley also. jit jg now a bent wire rod. *8ee also pages 170, 489, 158, 151 and 155. 

•Throttle is never entirely closed, (see "throttle adjusting screw A." chart 845) 
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Holley Model **G” 
Carburetor. 

From the float chamber the 
gasoline passes through the 
ports (E) to the nossle orifloe 
in which is located the point¬ 
ed end of the needle (7)» 

A drain valve is pro¬ 
vided for the purpose o t 
drawing off whatever sedi¬ 
ment or water may accumu¬ 
late in the float chamber. 

The float level is so sat 
that the gasoline rises past 
the needle valve (F) and suf¬ 
ficiently fills the cup (G) to 
submerge the lower end of 
the small copper tube (H). 
Drilled passages in the cast¬ 
ing communicate the upper 
end of this tube with an out¬ 
let at the edge of the throttle 
disk, (see 2.) 

The tube and passage give 
the starting and idling. 

The strangling tube (1) 
gives the entering air 
an annular converging form, 
in which the lowest pressure 
and highest velocity occur 
immediately above the oup 
(O); thus it is seen that the 
fuel issuing past the needle 
valve (F) is immediately picked up by the main 
air stream, at the point of the latter's highest 
velocity. Termed the venturi principle. 

This gives thorough atomization of the fuel and 
results in very economical and powerful per¬ 
formance. The lever (L) operates the throttle. 

For facilitating starting in extremely cold weather. 
A disk attached to lever 8, with spring return, is 
connected to a priming rod. By closing this, an 
excess of gasoline is drawn into cylinders. 


Holley Carburetor Needle Valve Troubles 
and Bemedle8. 

Carburetors may leak from following causes: 

(1) Sediment in fuel lodging on the needle 
valve seat, preventing needle from closing. 

(2) Inlet needle or seat damaged or worn. 

(3) Fuel level too high, flooding the nossle. 

These troubles may be overcome as follows: 

(1) Thoroughly clean the fuel tank, pipe and 
carburetor, removing all sediment. After 
cleaning fuel system filter fuel through a 
clean piece of chamois. 

(2) Damaged float inlet needle: Inlet needle 
and seat should be replaced if a ridge is 
worn on the tapered point, or if seat is 
scored; but in no case should a needle be 
replaced without a new seat, or vise versa. 
To remove detachable seat, unscrew float 
chamber nut at bottom of carburetor, take 
off float chamber containing float and lever 
and inlet needle, then insert socket wrench 
as shown in fig. 1. 

When installing new seat do not turn it up 
too tight, as this may leave a burr inside 
which will interfere with the movement of 
the needle. After installing the seat and 
new needle see that the latter works freely 
before attaching the float. 
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Adjusting of Fuel or Float Level. 

Attach carburetor to manifold and then take off mixing chamber cap by taking out screws. This will 
enable you to see the nossle and fuel level. Connect the fuel line to the carburetor; turn on fuel; note 
where level comes. The level should be as shown in fig. 4. 

Level too high, flooding the nossle: Remove the float chamber and pry up the lever, as shown on fig. 2. 
until the level is correct. The gasoline levd should be from to lower than the top of the 
nossle—fig. 4. 

Fuel level too low: Should the level be lower than shown in fig. 4, bend the tab on float lever (that the 
needle rides on), down toward the float, as shown on fig. 3. It is beat to detach float and lever for 
this operation, by drawing out float lever pin. The distance from machined flange on the mixing 
chamber, to the top of float lever should be about when float valve is closed. 

Caution: It requires a bend of only V &2 of an inch on the float lever in order to change the gasoline 
level % of an inch. When setting float, try to keep it at an angle, that is, the part opposite the float 
lever—so the pressure of the gasoline will assure a tight fit. 


CHART NO. 846—Holley Carburetor also Used by the Ford Co. 

Holley Co. (Detroit), also manufacture a Ford carburetor suitable for kerosene. See also page 160. 
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FORD SUPPLEMENT. 


The Schebler Plain Tube Carburetor With Pitot Tube Principle. 


Tills model is known as the * ‘model Ford ▲" 
and differs from the average carburetor. It is a 
similar principle as shown on pages 176 and 177. 
Such moving parts as dash pots, metering pins 
for increasing the flow of gasoline has been elimin¬ 
ated—yet a rich mixture for acceleration can be 
obtained quickly. 


Explanation of a Pitot Tube. 

▲ Pitot tube is a very old instrument for 
measuring velocities of flowing streams of water. 
Invented bv Henri Pitot in 1730. It consisted of 
a vertical glass tube with a 
right angled bend as shown 
at <E). 

The impact of the flowing 
water against open end (7) of 
tube (E) caused a column to 
rise above the surface of the 
stream as at (A), and by this small difference in 
height, the velocity of the stream was calculated. 
A similar principle, but to provide air is em¬ 
bodied in the carburetor to be explained. 



In operation the high suction above the throttle 
(T) breaks the surface tension in the main nos* 
z]e and causes fuel to flow through the exten¬ 
sion (K) with some air which is drawn in through 
the main nossle boles (A) at (B by H), the flow 
rate can be made to equal that which would be 
taken out of (A) if surface tension were elim¬ 
inated. As the throttle is opened the increas¬ 
ing suction at the main nossle cuts down the air 
bleed through the holes (A) and causes more fuel 
to pass through the extension (K) until that suc¬ 
tion caused by the flow of air at main nossle (A) 
equals the decreasing static suction above the 
throttle (T). Then fuel comes out of the main 
noszle holes (A) into the main air stream. This 
also probably causes a slight reversal flow in the 
extension passage. 

This combination produces a correct proportion 
of air and fuel through a very large range if the 
throttle is not thrown wide open from its closed 
position suddenly. When this happens the engine 
would lay down or miss six or seven shots and 
sometimes die completely. 


Schebler Plain Tube Carburetor. 
Adjustments; there are two gasoline adjustments, 
one for low speed 4 to 5 m. p. h. up to the maxi¬ 
mum without “loading'* up or missing. 



I—high speed gasoline adjusting needle. 

H—low speed gasoline adj. needle. 

Ir—choker valve. T—throttle valve. 

K—idle and low speed by pass. 

D—Pitot opening. 

Operation or Action. 

The theory of operation is that gasoline and 
air obey the same laws of flow, therefore, if they 
are started at a common sero, the flow of fuel 
out of a noszle inserted in and caused by a flow 
of air through a pipe or in a carburetor, a ven¬ 
turi will remain directly proportional. However, 
fuel in the liquid state does not flow until con¬ 
siderable head is produced, due to surface ten¬ 
sion or capillarity. To break this tension, or 
holding, of the fuel in the jet, the high vacuum 
above the throttle is utilised. 

Air flows into and through the choke or ven¬ 
turi tube in the direction of the arrow (fig. 2) 
but for idle speeds of the engine the velocity is 
too low to cause suction enough to break the sur¬ 
face tension at the main noszle (A). An exten¬ 
sion (K) is provided from the main nossle to 
the space above or engine side of the throttle (T). 
The sise of this extension or passage is controlled 
at (B) by screw (H). 


To overcome this trouble an overflow well, or 
reserve chamber (0), is formed around the main 
fuel passage, whose top is integral with the main 
nossle head and provided with a downstream 
pitot (D). Prom this head two acceleration 
tubes (E) extend to different depths into the 
overflow well (0) and discharge into the main 
air stream. 


Pitot Supplies Air. 

With the engine idling or running slowly the 
well (0) will fill up by means of the hole (F) in 
the main nossle passage. 

Upon suddenly throwing the throttle wide open 
the reserve supply of fuel is taken out the accel¬ 
eration tubes (E) as well as from the main jet 
(A). This practically makes a temporarily large 
jet or noszle until one of the tubes (E), is un¬ 
covered by the lowering of the fuel level in the 
well. Air then is drawn out through this tube 
and acts in opposition to the supply of air from 
the pitot (D). This opposition causes a gradu¬ 
ally increasing suction in the well (0) and uni¬ 
formly decreases the discharge of fuel therefrom 
out of the longer tube (E). This operation Alls 
in the time element necessary for the main jet to 
resume its normal functions of delivering a thin 
mixture. 

The tubes (E) also are made of varying lengths 
to hold a reserve supply of fuel in the well from 
some intermediate speed of, say, 15 m.p.h. 

The pitot function Is simply to provide air at 
sufficient pressure to force the fuel from the well 
and be Inclosed In the carburetor. It so happens 
that in a stream of air the pressure head due 
to velocity is negative and exactly equal to the 
positive impact head due to the same velocity, 
therefore, the pitot hole, facing down stream, de¬ 
livers air to the well at or very near atmospheric 
pressure. 

All the fuel passes through the main adjustment 
(O), which is located at the float bowl and sov- 
erned by screw (I), therefore, controls the whole 
range of the carburetor while still allowing the 
idle or low-speed adjustment to be changed with 
the condition of the engine or Variations in en¬ 
gines of the same design. 

Gasoline float level is 1 in. below top of bowl 
with needle seated. 


Engine 

Engine falls to start; (1) lack of gasoline—see 
page 798; (2) no spark—see page 808. Addi¬ 
tional reasons may be dirty magneto terminal, vi¬ 
brators not adjusted properly. See pages 284 and 
578 to 581. 

Engine loses power; see pages 790, 626, 628 
for poor compression; mixture not correct, see 
pages 169 to 171; valves need grinding; valve 
clearance not correct; engine stops—see page 578. 


Troubles. 

♦Engine overheats—see page 579 and 189. En¬ 
gine Knocks —see page 790, 635 to 639 and 580. 

Engine misses explosion—see pages 579, 808, 
234 to 236 and 169 to 171. 

Popping in carburetor—lack of gasoline (see 
page 170); black smoke, too much gasoline; bine 
or white smoke, too much lubricating oil; grey 
smoke, excess of both—see page 169. 


OHABT NO. 346—Principle of a Plain Tube Carburetor with Pitot Principle Introduced. 

A gas heated inlet manifold will save gasoline and assist carburetion—see pages 160 and 155. 

*To thaw out a frozen radiator—see pages 788, 579, 193. 
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♦Auxiliary Air Valves. 

Tlie high cost of gasoline and the low cost of air 
has made many owners of cars wish that they conld 
born air instead of gasoline. While this is, of 
coarse impossible, it is still quite true that a much 
greater mileage per gallon of gasoline can often 
be obtained by burning the gasoline vapor 
more completely in the presence of additional air. 

Complete combustion occurs when there is suffir 
dent air mixed with the fuel to furnish enough oxy¬ 
gen to combine with all the fuel particles. When 
complete combustion is obtained, no smoke or carbon 
will be formed. Thus the use of auxiliary air 
valves may reduce the amount of Carbon deposited 
in the cylinders. 

The mixture of gasoline and air as it comes from 
the carburetor is often full of little drops of almost 
pure gasoline. These drops are simply burned in the 
cylinder, instead of forming an explosive mixture, 
as they would if the mixture were more perfectly 
vaporised. The admission of air into the side of 
the stream of gasoline vapor often serves to form 
whirlpools which churn the gasoline particles Into 
a more perfect mixture with the air. 

If your carburetor mixture is perfect then the air 
valve is unnecessary. Unfortunately most carbure¬ 
tors are far from perfect and the air valvo under 
the control of the driver compensates for carburetor 
deficiencies. The air valve, in most instances in¬ 
creases the efficiency of any carburetor, if proper¬ 
ly applied. 

To determine if the auxiliary air valve is required, 
close the throttle and retard the spark until the 
engine runs as slowly as possible. Then adjust 
the carburetor until the engine runs smoothly and 
evenly on the least possible amount of gasoline. 

Now take the car out on the road and, with the 
spark advanced and the car traveling at about twen¬ 
ty or twenty-five m. p. h., attempt to reduce the 
amount of gasoline by turning the carburetor dash 
adjusting knob. 

1 If the amount of gasoline can be reduced with¬ 
out greatly affecting the power and speed of the 
engine, the fitting of an auxiliary air valve will be 
advantageous. 


Types of Air Valves. 

The type of air valve fitted should be one that 
supplies additional air at high speeds. But if, on 
the contrary, the engine requires a richer mixture 
at high speeds, when the carburetor is adjusted 
for good running at low speeds, then that type of 
air valve should be fitted that supplies air at low 
speeds, but is drawn closed by the suction at high 
speeds. 

Correct adaption of the air valve to eccentrici¬ 
ties of the particular engine and carburetor are 
necessary to get good results. 

To obtain the best results from the auxiliary air 
valve, it should be easily controlled, preferably from 
the steering column. If it is operated from the 
dash, it will be little better than the carburetor ad¬ 
justing knob which is already provided. In fact, 
the idea of the air valve is to bring the carburetor 
more completely under the control of the driver. 

Fig. 1—Perhaps the simplest form of auxiliary air 
valve is that made by threading a Ford oil cup 
into a hole in the side of the intake manifold. 
A strip of brass about half an inch wide should 
be soldered to one side of the movable 

{ ►art of the oil cup, thus forming a .1* •/[ 

ever by means of which the opening |y . '■ 

and closing of the air valve may be tWW \ H 

controlled. A hole may be drilled II 

near the end of this lever, and a wire cuP 111 II 

connected to the lever, this wire run- If; 

ming through copper tubing or a *Bow- 'f' 
den wire arrangement to the steering 
column. The end of the wire may fhiw/mjxiLuaRV 
end in a loop or be connected to a airvaivs 
small lever to suit the convenience of the driver. 

*Bowden wire is small, flexible, metallic tubing, 
with a strong but flexible wire running through it, 
(see T—page 173, fig. 8.) Can be obtained from 
motorcycle agents, as it is used on the control 
system of many motorcycles. 


Fig. 3—Another simple form of air valve, which 
is more nearly airtight when closed, consists of a 
priming valve, screwed into. an elbow attached to 
the intake manifold. A hole can be 
drilled through the handle of this 
priming valve for the attachment of 
the wire to the steering column control. 

This air valve has the advantage 
that it can be used for priming In 
cold weather, or for introducing 
water or kerosene for loosening car 
bon deposits. 



FtOPUMINO 

VALVE 

in winter, it is preferable to Inject warm, rather 
than cold air into the manifold, and for this pur¬ 
pose it is often well to fit a 
soft copper pipe, (which can 
be wrapped around the exhaust 
pipe) to the air valve. 

Fig. 2—An air valve made 
of standard quarter-inch pipe 
fittings and valve is also shown, 
and the end of the intake pipe 
is covered with a sheet iron 
Bleeve, so that hot air will be drawu iruin the top 
of the exhaust manifold. 



Another form of air valve: which eliminates the 
use of moving parts, is as follows: One end of a 
copper tube is fastened by means of a brass 
coupling to a hole in the side of the intake 
manifold. The tube is then given four turns , 
around the exhaust manifold near the point where 
the exhaust pipe is connected. The copper tubing 
is then led along the dash and up the steering col¬ 
umn, ending in an air valve directly under the 
steering wheel. Of course, this device can be 
used for priming the motor or Injecting carbon 
softening solutions. 

When first installed, this device made a whistling 
sound when the air valve was opened, but this 
was overcome by rounding off the edges of the air 
valve, and since then has given entire satisfaction. 

The auxiliary air valve is most useful in hilly 
country, for then conditions vary most widely 
It is possible to use the air valve to 
make the engine act as a brake when coasting 
down hill. The admission of the air tends to cool 
the engine, so that the next hill will be climbed 
more easily. Opening the air valve also breaks 
the suction in the cylinders and keeps the oil from 
being drawn up and fouling the spark plugs when 
the engine is used as a brake on long hills. 

A Primer. 

For extreme cold weather a method of priming 
is shown. Take off inlet pipe and drill hole for 
inch pipe tap and fit a priming'cock. 

To operate, (1)—turn off 
switch. (2)—pour shout a ta¬ 
ble spoonful of gasoline into in¬ 
take through this cock. Keep an 
oil can filled for the purpose. 

(3)—close up cock, (4)—crank 
three or four times with switch 
off. 5—now tnrn on switch, 
open throttle and engine will 
start—see also page 156. 



See also foot note bottom of page 153, (see 
page 735 for ' ‘super-heated" steam for carbon re¬ 
moval and page 823). 


♦Gasoline Tank Gauge. 

A good idea for a simple gasoline gauge is to 

? et a cheap 18 in. flat rule, marked in inches and 
ractions thereof. Coat it with plumbago by 
applying the domestic stove-polish brush. If you 
insert this rule vertically into the tank, right 
down to the bottom—the car being level—the gaso¬ 
line will leave a mark on it. The quantity can be 
gauged as per marks on the rale as follows: 

1 gal.li %2 ins. 6 gal.ins. 

2 gal. me ins- 7 gal.6% ins. 

8 gal.3tt ins, 8 gal. 7ius. 

4 gal.4*V*2 ins. 9 gal.8®Hfe ins. 

5 gal. 5% ins. 10 gal.10 & ins. 

*3ee also page 823. 


CHART NO. 847—Auxiliary Air Valves. Priming Methods. Gasoline Tank Gauge 

Exhaust heated inlet manifolds are recommended—see page 155. A Ford gasoline-kerosene carburetor is illus¬ 
trated on page 160. Air valves above from “Fordowner.'’ *A recommended type of air valve is shown on 
page 735. fig. 12. 













FORD SUPPLEMENT. 


Control of Carburetor Mixture. 

A saving in gasbline: All Ford users are 
acquainted with the peculiarity of the Ford 
carburetor, in which variation of the strength 
of the mixture is obtained by altering the 
size of the jet, the alteration being effected 
by screwing a vertical needle up or down. 
This needle is tapered at its lower end, and 
the tapped portion enters the jet orifice; 
consequently, as the needle is lowered the jet 
is closed; as the needle is lifted, the jet is 
opened and the size of the hole increased. 
This alteration is controlled by the driver 
through the medium of a rod which projects 
through the dash, per chart 344, the top end 
of the rod is fitted with a suitable device, for 
convenience when handling; the lower end is 
forked as per (D), page 160, and the two 
prongs of the fork fit into suitable holes in a 
disc on the top of the needle already men¬ 
tioned. 

If you are a motor-wise driver, you set that 
disc differently for varying conditions, turn¬ 
ing it anti-clockwise for starting, clockwise 
when you have started, and still further 
clockwise when you have been running for, 
say 15 minutes. As the cool of the evening 
comes on, you will probably find it advantage¬ 
ous to turn the disc back again a little. In 
other words, you keep. the disc as nearly as 
possible for maximum efficiency of the mix¬ 
ture under all conditions. 

•The jet should be opened slightly so that 
sufficient gasoline Is available for fast run¬ 
ning, while at the same time the mixture is 
too rich when running slow. 

On the other hand, as the spark is advanced, 
the jet should be slightly closed and mixture 
weakened. 

The increase of fuel for an increased throt¬ 
tle opening is not much; it is just sufficient 
to allow of the correct proportions of gaso¬ 
line and air being provided when the engine 
is demanding its full supply of gas. It is a 
known fact that a weak mixture can be read¬ 
ily fired by a spark when fully advanced. 
The result is, an economy of fuel. 

The conditions are always varying, and you 
cannot always be bending forward to twiddle 
that disc, and if you could your adjustment 
would not be fine enough, and it means fine 
adjustment to keep the mixture just right. 
If it is not just right, you will be simply wast¬ 
ing gasoline instead of using it economically 
as an ingredient in an efficient explosive 
mixture. 

This device provides an accessible control 
which will enable you to set the disc anew 
whenever conditions indicate the need, and 
to set it to a really fine point of adjustment, 
so that the mixture will not be in the nature 
of a compromise. 

A method employed (by an experimenter 
who is fond of tinkering), is similar to de¬ 
vices used on some of the other makes of car¬ 


SLEEVE for wire 


buretors and is nothing more than a 1 
trol placed on the steering post as per fig. 82. 
A steering column control as per fig. 5, page 

173 is utilized, 
together with 
wire and casing 
(T), explained 
on the same 
page. A small 
lever is riveted 
and soldered to 
the carburetor 
dash control 
adjustment. 



The fitting of the parts should be carefnl 
and accurate, so that there will not be the 
slightest play or lost motion. 


If this device is used in conjunction with 
the throttle, as explained above, it is claimed 
that a saving of gasoline will be obtained, to¬ 
gether with a cooler and smoother running 
engine. There are suitable graduations for 
different driving conditions, which the driver 
will soon learn and the mixture can be made 
richer or weaker as required by the read 
driving conditions. Do not trouble, however, 
to experiment with this device unless yen 
are a “fine point ' 9 driver as it will be of lit¬ 
tle assistance unless you study out the prin¬ 
ciple and know when and how to regulate 
the adjustment. • 


fMore Miles Per Gallon. 

There are three ways of obtaining more mflee ter 
gallon: (1) by increasing the efficiency of the m- 
gine; (2) by reducing engine and running gear Mo¬ 
tion; (3) and last, but not least, by skillful driving. 

The efficiency of the engine can be Increased by 
carefnl carburetor adjustment, which must be changed 
frequently, if the best possible results are to be ob¬ 
tained. Worn carburetor parts waste gasoline sad 
should be replaced. Either an attachment for lead¬ 
ing hot air to the carburetor, or a speeial manifold, 
which heats the vapor mixture after it leaves the 
carburetor, should be used to ensure complete vap¬ 
orisation of the fuel and give higher efficiency. 

Carbon cuts down the efficiency of the engine and 
should be removed occasionally. Poor oil tends Is 
form carbon, so good oil should be used, as it also 
causes less friction and wear. 

Loss of compression, due to leaky piston rings er 
leaky valves will cause a steady loss of power, 
which must be compensated for by opening the 
throttle wider, thus wasting gasoline. Scored or 
worn cylinders will have the same effect. And the 
valve tappets should be adjusted, to provide the 
proper clearance as given on pages 94, 85 and 110. 

Idling or running the engine while the ear is al 
rest, or racing the engine unnecessarily, tends t# 
waste fuel. 

■ Good ignition is another essential in making the 
most ont of the fuel. Driving with a retarded spark 
tends to waste the power of the engine and eansss 
overheating also. 

Gasoline leaks from the tank, pipe line, or eor- 
buretor sometimes waste considerable gasoline and, 
as the fuel evaporates as fast as it drips, this less 
of fuel is not always quickly noticed. 

The most economical driving speed is aboat M 
miles per hour. 


QUART jho. 848—More Miles Per Gallon. Fine Point Carburetor Adjusmtent. 
tSoo also page 819. 

•See page 798. 

Bee page 809 for ether and gasoline. 
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nc. 87 -A —The wiring of the earlier Ford is 
to above diagram* except this diagram 
■hairs the lighting and horn connections. The 
hern switch or button is on the steering post. 


Coil unit: 
Note contacts 
on side. 




“ lit* rthTL. 


Fig* 86—An 
dMmlag the 
(0) which 


win in front of the 


exaggerated line drawing 
gneto location. Note coils 

. . _ are stationary and the magnets 

(A) which rotate. When fly wheel revolves, 
the 18 magnets (see flg, 91, chart 851) re- 
18 coils. 
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Fig. 87—Bear view of coil box and connections to com- 
mtator (primary circuit) and connections from coil box 
■park plugs (secondary circuit)*. Note the color of 
indicaf * 


Ignition Circuit. 

wiring diagram showing path of primary and secondary 
circuits Is shown in flg. 86. Although dry cells are shown 
connected, they are not supplied as regular equipment. 
The ms gneto alone supplies current for ignition, lights 
end horn as per flg. 87-A. Storage batteries eould be 
used instead of dry cells and connected in place of same 
on the (B) side of switch (see (B) rear of 
coil box, flg. 87 where to connect one termi¬ 
nal of battery if used.) The other terminal 
is grounded. If storage battery is only 6 volts, 
(which is the usual voltage,) then it eoule 
be used only for ignition. To use for lights 
ignition and horn it would be necessary to 
either use a 9 volt battery or use 6 volt 
lamps. Ford cars are fitted with 9 volt 
ON lamps as regular equipment. 

Primary Circuit. 

When switch is on (M) or magneto side, 
the current would be supplied by magneto. 
The current travels from magneto terminal 
(T) to switch thence through primary wind¬ 
ing of coil to insulated terminal post (1, 8 , 
3 or 4) on commutator, thence through metal 
part of roller through ground or metal part 
of engine, back to grounded end of magnet# 
coil. The commutator makes oontaet with 
one of the 4 insulated posts or contacts as 
the roller revolves. 


wires are in dlcated on the primary circuit. 


J order is 1, 2, 4 8. Arrangement of terminals 1, 2, 
4, 8 en commutator governs the firing order. Engine is 
mode to fire 1, 2, 4, 8 instead of 1, 2, 8, 4. (see page 119 ) 


Secondary Circuit. 

The current is intensified in the secondaiy 
winding of coil and travels from coil unit 
1, 2, 8 or 4 in whch the commutator makes 
contact, ‘ to the spark plug (SP.) Note 
heavy lines, indicating high tension current, 
(see pages 226 and 220 for principle.) 

The Coil Box. 

Fig. 88—The coil box contains 4 high 
tension (vibrator type) coil units. The 
units can be removed from the box in case 
/ one is damaged. 

Connections to 
coils are in the 
rear as shown in 
figs. 87 and 87-A. 


GHABT NO. 849—Ford Electric System and Wiring Diagrams. 

Ignition timing of the Ford—see page 816. See page 864-A for Electric System of Ford enclosed cars. 
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FORD SUPPLEMENT. 


Size of Wires. 

The wires running from the secondary or 
high tension connections of the coils to the 
spark plugs are called secondary cable wires. 
Cable to No. 1 plug is 15 inches long. No. 2 
cable is 11% inches long. No. 4 cable is 8 
inches long. No. 3 cable is 8 inches long. 


WIRESTRUW coil. 
to commutator ought to , 

BE ENCLOSED IN CONDUIT.> 


SECOND 
ART CA0LI 


NO 16 
PRIMARY* 
S TRANKS J 
WIRE * 

4- SPARK PLUG CARLES 

all terminals ought to be s older 


A FORD IGNITION SET OF WIRES 


**The size of wire running to the commuta¬ 
tor, is No. 18 B and S gauge (stranded wire, 
see page 240). 

If the latter wires are run in non-metallic 
conduit or circular loom (see page 241) the 
liability of short circuits and oil soaked wires 
will be greatly lessened. There are now 6 
wires; one for light. 

All wires ought to have terminals soldered 
on to the ends and all connections made as 
explained on page 240 and 427. 


Weakness in the valves may be easily de¬ 
termined by lifting the starting crank slowly 
the length of the stroke of each cylinder in 
turn, a strong or weak compression in any 
particular valve being easily detected. It 
sometimes happens that the cylinder head 
gasket (packing) becomes leaky—permitting 
the gas under compression to escape, a con¬ 
dition that can be detected by running a lit¬ 
tle lubricating oil around the edge of the 
gasket and noticing whether bubbles appear 
or not. Another source of leakage is around 
spark plugs. Test same way (see page 233). 

How a short circuit in commutator wiring 
may be detected: Should the insulation of the 
primary wires (running from coil to commu¬ 
tator) become worn to such an extent that 
the copper wire is exposed—the current will 
leak out (i. e., short circuit) whenever eon- 
tact with the engine pan or other metal parts 
is made. A steady buzzing of one of the 
coil units will indicate a “short” in the 
wiring. When driving the car the engine 
will suddenly lag and pound on account of 
the premature explosion. Be careful not to 
crank the engine downward against compres¬ 
sion when the car is in this condition, as the 
“short” is apt to cause a kick-back. 


Dry Cells for Starting. 

(B) side of switch can be used for batteries 
(dry or storage) for starting and after start¬ 
ing the switch is placed on (M) or magneto 
side (see fig. 85.) The Ford Co. claim how¬ 
ever, the magneto gives current at a very 
low speed and batteries are not necessary. 
(If dry cells are used, use 6 or 6.) 

Storage Battery for Ignition 
and Lights. 

Can be connected in place of dry cells as 
shown in fig. 85. (also see chart 358.) 

In connecting a storage battery the bat¬ 
tery terminal should never be connected to 
the magneto terminal post on dash, as this 
will demagnetize the magnets. 

To Set the Time of Spark. 

See page 316. Note the No. 1 piston is 
placed % inch down after top of compres¬ 
sion stroke, and roller on commutator is just 
starting to make contact with No. 1 cylinder. 
The commutator housing is retarded. 

♦Commutator Troubles. 

If misfiring occurs when running at high 
speed. Inspect the commutator. The surface 
of the circle around which roller travels 
should be clean and smooth, so that the roller 
makes a perfect contact at all points. If the 
roller fails to make a good contact on any 
one of the four contact points, its correspond¬ 
ing cylinder will not fire. In case the fibre, 
contact points and roller of the commutator 
are badly worn, the most satisfactory remedy 
is to replace them with new parts, or proba¬ 
bly the trouble is caused by short-circuited 
commutator wires. The spring should be 
strong enough to make a firm contact between 
the roller and contact points even though 
slightly worn or dirty, (see fig. 13, page 241.) 

Other causes of misfiring may also be due 
to an improperly seated valve, or short cir¬ 
cuit in the commutator wiring. 


Parts of commutator which are most apt to 
get out of order are; the roller, the spring, 
or the fiber lining and contacts in the com¬ 
mutator shell, (see fig. 89, chart 349). 

Cold weather effect on commutator: It is * 
well known fact that in cold weather even the beat 
grades of lubricating oil are apt to congeal to 
some extent. If this occurs in the commutator it is 
very apt to prevent the roller from making per¬ 
fect contact with the contact points imbedded in 
the fibre. This makes difficult starting, as tbr 
roller arm spring is not stiff enough to brush 
away the film of oil. To overcome this, as well 
as any liability of the contact points to rust, we 
recommend a mixture of 25% kerosene with th~ 
commutator lubricsting oil, which will thin 
it sufficiently to prevent congealing, or freeing 
as it is commonly called. Tou have probably no 
ticed in starting your car in cold weather ti.«t 
perhaps only one or two cylinders will fire for tbs 
first minute or so. which indicates that the tim«*r 
is in the condition described above and aa a con 
sequence a perfect contact ia not being made on 
each of the four terminals. 

Removing Commutator. 

* Remove cotter pin from spark rod and de¬ 
tach latter from commutator. Loosen the 
cap screw which goes through breather pipe 
on top of time gear cover. This will release 
the spring which holds the commutator case 
in place and this part can be removed. Un¬ 
screw lock nut; withdraw steel brush eap and 
drive out the retaining pin. The brush cao 
then be removed from the cam shaft. 

In replacing the brush: reinstate so that the ex¬ 
haust valve on the first cylinder is closed when 
the brush points upward. This may be ascertained 
by removing valve door and observing operation of 
No. 1 valve. 

The commutator is to set 2 ^" from the center of 
the commutator case spring cap screw to the center 
of the commutator case pull rod when the spark 
lever is fully retarded (up as far as it will go). 
The case should be set by the spark lever on the 
steering column to take up any lost motion. The 
adjustment is made by turning the rod in or out of 
the ball socket joint. If this adjustment is inade¬ 
quate. bend the pull rod. 


EIART NO. 350—Commutator Troubles. Size and Colors of Wire. Dry Cells and Storage Battery 
)nnectlons. Setting the Time of Spark 

°ee fig. 89, page 805 for commutator construction. **See page 808 color of wires. 
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The Commutator 

It similar to the type explained on pages 225 
and 222. fig. 2. It is placed on the end of the 
earn shaft, that ia, the roller mechanism is attached 
to end of cam shaft and revolves with it, there- 



Fig. 89. The commutator, 
fore the roller revolves % the speed or revolutions 
of the crank shaft. The roller makes contact with 
the Insulated contact points of which there are 4 
and which do not revolve. When roller comes in 
contact with one of the 4 insulated contact points, 
the coil unit connected with it becomes operative. 
As roller leaves contact, coil becomes inoperative. 

To advance or retard time of spark, the housing 
is connected at “pull rod connection" with spark 
lever on steering wheel. See flg. 87 and note posi¬ 
tion to move to advance or retard. See page 222. 



The Magneto 

Supplies current for ignition, lights and horn 
as per flg. 87A. It 
is different from the 
usual type magneto. 

Magnets: instead 

of the horse shoe 
magnets being placed 
over the pole pieces 
and armature revolv¬ 
ing therein note the 
position of magnets 
and coils in flg. 91. 
The magnets are 
called the rotating 
field. 

The armature in 
this instance is sta¬ 
tionary and consists 
of 16 coils* of thin 
copper tape wrapped 
over soft iron cores. 

The consecutive 
coils are wound in 
opposite directions 
and are connected 
in series (see flg. 
90.) The first coil 
terminal (to the left) 
in fig. 90, is con¬ 
nected to mag- 
n e t o terminal. 
The end of the 
16th coil is 
grounded to iron 
frame which sup¬ 
ports them. 

The current 
generated is low 
tension, alternat¬ 
ing, as explained 
on page 265. 
This low tension 
current is trans¬ 
formed to a high 
tension current 
through coils, 
flg. 88. 


Fig. 91. Vote the 16 mag- 
netrf which revolve directly 
in front of the coils, also 
see page 265. 


Fig. 90. The armature ••Voltage var- 

which is stationary. ies from 8 volts, 



lowest speed, to 25 or 80 volts at highest speed. 
Normal being about 18 to 20 volts at average speed. 


Fig. 92. 


tFig. 91A. The magnet poles 
are placed like poles together 
and are mounted on flywheel. 


Dirt on the mag¬ 
neto terminal con¬ 
tact will cause dim 
lights and misfir¬ 
ing. It can be re¬ 
moved and cleaned. 


••Cause of Weak Magnets. 

(1) Dirty contact as per flg. 92. 

(2) End play in bearings, caused by worn crank 
shaft bearing will permit magnets to rotate at 
too far a distance and current will be weak. 

(3) A grounded magneto coil will weaken current. 

^Testing for Grounds. 

In magneto colls; connect 5 or 6 dry cells to a 
6 volt lamp (flg. 98). Attach one end of terminal 

from lamp to 
magneto terminal. 
(T). Then un- ( 
solder the 
grounded end of 
winding at coil 
0-2. With other 
wire from bat¬ 
tery touch the 
iron frame (Y); 
if the lamp 
lights, then some¬ 
where there is a 
ground of one of 
the spools in con¬ 
tact with the 
frame. 

The next step 
will be te And 
out in what par¬ 
ticular portion of 
the winding, the 
ground exists. 

Attach the test 
wire (W) to metal 
part. This can 
be easily done by inserting the end, under nut (Y) 
or temporarily making a soldered Joint at the point 
where permanent ground was formerly attached, 
if there is a ground, lamp will then light. 

Loosen the coils one at a time and shake vigor¬ 
ously, or move up and down, this will cause the 
light to flicker—or go out and on when you reach 
the coil or section where the ground is located. 

The ground can sometimes be removed by clean¬ 
ing out dirt and metallic particles and revarnish 
with a special oil-proof varnish which can be ob¬ 
tained of Ford agents. Oommon shellac will not do. 

Note—Illustration shows coil plate reversed. 
Bolt holes and recess for cam shaft should be on 
top as shown in flg. 85, page 808. 

•Dead Points. 

On the older model Fords which did not have 
the % inch magnets, there were certain dead points 
where, if spark lever was placed in certain notches 
in quadrant, the engine would not respond with in¬ 
creased speed. On the late magnetos as the mag¬ 
nets pass from one end to the other as it revolves 
there is no dead point— see below and page 265. 



CHART HO. 851—The Ford Magneto. Testing Magneto Coils. 

•Note; while illustrations show magneto coils as being round, they are now made oblong, with oval pole pieeea, 
so that as soon as the magnets pass away from one pole, they begin to influence the next—thus there are ne 

“dead points." **Varies according to distance between magnets and coil cores and strength of magnets, see 
page 864-J. fSee page 303, how to test polarity of a magnet. Before assembling, test magnets and chalk- 
mark N poles. After assembling, test correctness, by passing compass around fly wheel, close to outside 
of magnets—the needle should reverse as each pair of poles is passed. If placed wrong, needle will turn 
cross-wise and tremble. tSee pages 864-J. 806. 
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tlndlcationfl of Weak Magnets. 

(1)—Dim lights. (2)—Frequent backfires, 
or explosions in the muffler when running— 
possibly blowing the muffler up. 

* The magneto is often blamed for trouble 
that lies elsewhere in the electrical system. 
A weak current will often be caused by dirt 
or waste collecting beneath the terminal con¬ 
tact spring on the crankcase cover. To clean; 
remove the three screws holding the binding 
post, remove the post and spring, and clean 
as per fig. 92, chart 351. 

Check up the wiring for short circuits or 
grounds. 

To reach the magnets It is necessary to re¬ 
move the engine from the car. The common 
method of doing this is to remove radiator, 
dash and steering gear and lifting the engine 
out complete. By the method herein outlined 
the base of the engine is left in the chassis 
and the dash and steering gear are left undis¬ 
turbed. Two experienced, men can readily re¬ 
move an engine and place it on the bench in 
30 min. by this method. 

•To Remove Engine, 

radiator. 

2- Remove four bolts at universal Joint. 

3- Remove rear spring shackles and pnll rear axle 
back. (The rear of the car must first be blocked 
up.) 

4- Disconnect radiator stay rod. 

6 -Remove the two bolts holding the radiator to 
the frame and remove the radiator. 

6 - Unsnap cammutator and place it to one side. 

7- Remove spark plug wires. 

8 - Shut off the gasoline and remove the feed line 
from the carburetor. 

9- Disconnect the exhaust manifold from the ex¬ 
haust pipe and remove both intake and exhaust 
manifolds from the engine. 

10 - Removo fanshaft bracket and timing gear case. 

11- Remove the two bolts holding the pans to each 
side of the base and knock the pans down out 
of the way. 

12- Remove the base bolts. 

13- Remove the transmission case after loosening 
the reverse, low and brake transmission bands. 

14- Lift the engine from the frame and place 
. it on the bench. The lifting may be done with 

a hoist. It is quicker* and easier, however, if 
three men take a hold of it and lift it out by hand. 
One should straddle the engine at the rear and 
the other two should be at each side at the front. 


Tearing Down the Engine and Testing.! 

1— Olamp the engine on the bench. 

2- Test the magnets on the flywheel, as shown in 



fig. 2. The block of 
steel should just hang 
by a corner. The 
weight of this test 
block happens to be 
the same as that of 
the Ford camshaft 
gear. Failure to hold 
indicates weak mag¬ 
nets. 

3— Remove the bolts hold¬ 
ing the flywheel and 
transmission to the 
crankshaft. 

4— Remove the flywheel, 
magnet and transmis¬ 
sion unit, placing it 
face down on the 
bench. 

6—If trouble Is suspected 
In the magneto colls, 
these may be tested, 
as shown in flg. 3. 


The two test points are connected to a 110-volt 
alternating current line, per flg. 38. The main 
ground of the coils is disconnected and each coil 
tested for shorts, grounds or open circuit, (see 
also flg. 98, chart 851.) 


6- Ohisel the heads 
from the ends of 
the brass magnet 
retainng screws 
at the rear of the 
flywheel; when re¬ 
assembling use new 
screws. 

7- Turn the fly wheel 
transmission as¬ 
sembly over and 
set it upright in a 
square box placed 
on the bench. 

8- Remove the wires 
holding the central 
magnet - retaining 
bolts. 

9- Using a bit brace 
screw - driver, un¬ 



screw the outside magnet screws. 


10-Using a bit brace socket wrench unscrew the 
central retaining bolts. Glean all parts. 

Fig. 33 shows a testing outfit using 32 c. p. car¬ 
bon lamps. 

Building Up the Magnets. 

1- Place the new magnets on the flywheel in the same 
order that they were in the box that they were 
shipped from the factory—that la, so that the 
legs that do not attract each other are together. 
This means that like poles, or N&H and 3*8 poles 
are placed together, (see flg. 91-A). 

2- Catch all the central re¬ 
taining bolts in place 
but do not tighten. 

3- Slip the outside spoob 
under the magnet ends 

4- Drop the magnet clampt 

onto the magnet endf 
and catch the brass 
screws into their threads. « *•««"• «*•••• 

• wtrt tt rwm Mw MM 

6-Uimg a brace screw¬ 
driver, bring all of the screws down snug. 

6- Pinch the ends of the magnets in with a pair of 
pliers until the sides of the magnets rest against 
the spacer on the clamps. 

7- Tighten the outside brass screws. 

8- Tighten the central retaining bolts. 

9- Using (stovepipe or brass) wire, lock the central 
bolts in position. The wire should be inserted 
as shown in flg. 6, (when holes are about in posi¬ 
tion shown) as this creates a tendency to tighten 
instead of loosen the bolts. 

10- Knock the four corners of each magnet clamp 
down over the magnets, so that they cannot in¬ 
terfere with the coils later. 

11- Turn the assembly over and head the brass 
screw at the rear of the flywheel. Before assem¬ 
bly, the engine should be inspected for loose or 
worn bearings and if any are found they should 
be cleaned and adjusted. 

f Assembling the Magneto. 

1—Replace the flywheel-transmission assembly onto 
the crankshaft flange and secure it with two 




I 


rA °.T NO. 852—Testing and Fitting Magnets. Testing Weak Magneto Coils—Ford Magnets. 
_ ing and Disassembling Engine. *s«>e a lso, page 783. tSee also, page 864-J. (Motor World.) 
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—continued from chart 352. 
opposite flange bolts. Draw these bolts up snug. 

2- Using the crank, as shown in flg. 4, turn the 
flywheel and note whether the magnets inter¬ 
fere with the coils. The magnets are set Vfe" 
from coils, t 

3- Replace the two other flange bolts. 

4- Tighten all the flange bolts. ▲ short piece of 
round stock, wedged through one of the holes in 
the coil flange and caught behind the magnets, 
holds the crank so that the bolts may be drawn 
tight. 

5- Again using the crank as shown in flg. 4, crank 
the engine quite fast. While cranking, short 
circuit the magneto contact point with the cyl¬ 
inder using a screwdriver. A fat • blue spark 
shows the magneto to be O. K. 

6- A putty knife may be used as a gage for testing 
this distance. It may be found necessary to 
•him up the coil-supporting flange. 

7- Place the locking wires in the crankshaft flange 
bolts as explained on page 806. 

Replacing the Engine. 

Before replacing the engine in the base, the 
base should be thoroughly cleaned. The rivets 
holding the supports to the base should be tested 
to see that they are tight. All bolts should be 
inspected. 

1- Place the standard Ford felt packing on each 
side of the engine base, setting it in heavy oil. 

2- Lift the engine up and set it In place. Be 
careful not to slide it around any more than 
necessary. Three men can do this easily. 

S-Line up the holes in the base with a small drift. 

4- Replace the front gear cover. 

5- Drive all the base bolts through their holes, from 
the bottom up, and catch the nuts onto the 
threads. Two men, one with a speed wrench on 
the nuts and the other holding the bolts, can 
quickly fasten the engine to the base. 

6- Slide the transmission bands in place. 

7- Bring the lugs all together at the top and wire- 
them together tightly with a single strand of 
stovepipe wire, or use a clamp similar to that 
shown in flg. 16, chart 824. 

8- Place short lengths of felt gasket at A, B and 0, 
as shown in flg. 6. P'ace % -inch asbestos wick- 
ing and grease in the corners at D and E. 

9- Then place the standard Ford felt transmission 
gasket in place. The double thickness felt and 
the asbestos wicking stop up the points that tend 
to leak. 


10- Slide the transmission housing in place. Using 
a screwdriver, pry the bands into place. 

11- Knock the housing down flush and tighten the 
two rear retaining bolts. 

12- Using a thin socket, or cheek nut wrench, tigh¬ 
ten the transmission bands. 



Fig. 6—Method of packing all joints 
to prevent leakage of oil. 

13- Replace the balance of the housing bolts and 
bring them up snug. 

14- Slide the rear axle and drive shaft back into 
place and secure it there. 

15- Assemble the engine fittings, such as fan, com¬ 
mutator, wiring and manifolds. 

16- Replace the radiator assembly hood and floor 
boards. 

Later Magnets % Inch. 

To Install % inch magnets of the latest type 
so electric lights can be used; as the crankcase 
and the transmission cover are similar, the 
necessary parts include No. 3250-D magneto coil 
assembly, one set of % inch magnets, sixteen 
magnet clamps No. 8277, and sixteen magnet 
clamp screws. (Former magnets were % inch.) 


♦Remagnetizing Ford Magnets. 


The usual and proper method to remedy weak 
magnets is to replace them with new ones. The 
Ford Oo., do not advise everyone to attempt this 
work. This however necessitates taking down en- 
I gine and then reassembling. This makes a costly 
| job and is a big job. Therefore different methods 

! will be given to recharge magnets without removing 

from car. 


to place an ordinary small compass on the trans¬ 
mission cover about 1 in. from and to the left of the 
magneto terminal, at the same time turning the en¬ 
gine slowly until the needle of the instrument is 
parallel with the engine. 

The north pole end of the needle should point to¬ 
wards the engine when in this position. 


Charging with storage batteries: Five or six, 

6-volt storage batteries 
Refer to fig. 7. 

To prepare the mag¬ 
neto for recharging, first 
disconnect the wire (A) 
which goes from the 
magneto terminal on the 
1 transmision cover to the 

1 coil on the dash. 

Next remove the trans¬ 
mission cover (B) so 
you can look at the 
magneto. Locate the 
brass studs on the rim 
of the flywheel which 
j holds the magnets in 

place, and have some 
one turn over the engine 
very slowly until one of 
these brass studs is in 
line with an imaginary 
lina drawn about 1 in. 
or so from the magneto terminal, to the left of the 
latter and paralleling the frame. Another way is 


Connections; Connect a wire fTom positive ( + ) 
terminal of the battery to the magneto terminal on 
engine, as shown at (0). 

Next connect a wire from the negative terminal 
on battery, and make and break the circuit by 
striking the free end of the wire on some metal part 
of the engine. 

Permanent connection should not be made, but 
only thirty or so momentary contacts, which, it is 
said, will reacharge the magnets much more sat¬ 
isfactorily than if permanent contact is made. 
(Motor Age.) 

* Other sources of electric Bupply for charging the 
magnets are shown below and on next page. 

Dry cells can be used if necessary. Use 48 con¬ 
nected in series- 
multiple as 
shown in flg. 4. 

Connect positive 
(-f), or carbon 
poles with termi¬ 
nal. 

—continued on next page. 


should be about right. 
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OHABT NO. 858—Ford Magneto Testing—continued. Remagnetizing Magnets. Replacing the Tgw giti^ 

•A magnet remagnetlser for Ford magnets is advertised in the back of this book. See also, pages 819, 864-J. 
tSee also, page 864-J. 
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Resistance wire; use 18 ft. nichrome No. 16 
wire or 8 ft. of No. 18. If Qerman silver, use 
35 ft. No. 16 or 22 ft. No. 18. 


110 volt direct current; to uae it wiU be neces¬ 
sary to uee a resistance lamp bank, per fig. 5. Use 

Ignition 

We have dealt with magneto troubles. We 
will now take up the coils and spark plugs. 

Although this matter has been fully treated' 
on page 236 and under heading “Digest of 
Troubles ’ 9 (see page 678) we will touch on a 
few of the important points here. 

Coil Units. 

The four coil units on the Ford are con¬ 
tained in a metal box with a slanting cover 
(see fig. 88, chart 349) which enables them to 
be taken out of the box, without removing it 
from the dash. Some of the 1914 and 1916 
metal coil boxes had straight covers, but when 
this type are used bn a cowl dash, (1916 or 
1917 body,) the units cannot be taken out, 
without taking the box off the dash. 

The earlier wood box coils, were much in¬ 
ferior to the present type, and the Ford Motor 
Company makes an exchange proposition on 
these wood box coils which should be careful¬ 
ly considered before replacing defective coil 
units in wood box coils or installing new 
points. 

Missing of Explosion. 

Troubles due to the commutator, magneto 
terminal, weak magnets or grounded magneto 
coils, was treated on pages 804 to 806. Other 
causes, are spark plugs and coil vibrators. 

Spark Plug Cause of Missing. 

Ah# The first and most proba- 
hie cause of missing is due 
*°. the spark plug points 
being set too far apart or 
not far enough—for in- 
r/ stance if set too close there 

See page 233. w iU be a tendency to miss 
at slow speed; if set too far 
apart missing will occur fre- 
quently. (see pages 233 and 
jj II 299.) The spark plug may 

If have become fouled from too 

ill much oil, which is common 
vA Fi «* M trouble—see pages 235, 237. 



Spark pin* on the Pord is a 
Ya in. pipe thread, long bodv per 
page 238. 

Gap should be 1,62 in. and if 
point is bent as shown the oil will 
have a tendency to drip off (see 
pages 233. 236 for testing a spark 
plug. A worn dime makes a good 
gage, as shown in fig. 11. 

Coil Vibrator Points. 

Too close contact between 
adjusting screw and vibrator 

will cause-tungsten points to 
pit, which results in sticking 


twenty eight 32 c. p. carbon filament lamps. Con¬ 
nect positive pole 
M h _ with magneto ter- 

h*J ®j“»l- Oonnect- 

PDPnggD ed as shown, 

\ gives 27% volts. 

\i qngDmm To find positive 

f V-* wwW pole, or polarity 

of any circuit— 
see page 452. (From Automobile Dealer and 
Repairer.) 

Troubles. 

and frequently burning away the tungsten 
and often putting the coil out of action and j 
invariably causes missing. 

This may be remedied / _ 

by cleaning the points 
with fine emery cloth, I 

or as explained on page I 

234, or by the use of a 
fine jewelers file whieh 
is made for the purpose, 

But is is advisable to attest the vibrs- 
bs very careful and file tors of a coil see 
flat, (see also page 809.) pa * e 28e * 

When * ‘direct” current la used for ignition such 
as a storage battery or “direct** current dynamo, 
the tungsten points on a coil pit up very bad 
much more so than on an alternating current mag¬ 
neto. That is why a magneto interrupter point 
wears longer. Alternating current is much easier on 
tungsten points because the current is being con¬ 
stantly reversed from negative to positive or posi¬ 
tive to negative. (see page 284 and last three 
paragraphs in chart 117). 

Too high a Voltage or excess of current will cause 
exceesive sparking and will pit the points and 
cause them to stick or weld together. 

Adjusting Vibrators. 

With the spring held down, the gap be¬ 
tween the vibrator points should be slightly 
less than inch. Then set the lock nut so 
that the adjustment will not shake loose. 
Each coil unit should be adjusted to take 
about 1% amperes, as measured by an am- I 
meter, (see pages 234 and 236.) I 

Hard starting due to vibrator adjustment. 

If there is too mucb tension on the vibrator 
springs, the weak current generated by tho 
magneto at cranking speeds will not be suffi¬ 
cient to cause the vibrators to buzz and it will 
be difficult to start the engine. Too little 
tension will not let the vibrators respond 
quickly and the engine will run unevenly. 

A Defective Coll Unit 

Can be detected by noticing if the vibrator 
buzzes without producing a spark at the 
plug. Then the suspected unit can be ex¬ 
changed with another unit to make sure that 
the trouble is actually in the coil unit. A 
punctured condenser is indicated by a heavy 
spark at the vibrators and a weak spark at 
the spark plug. 

If tbe engine has a tendency to miss when driving 
over rough roads, this may be due to the coil units 
not fitting tightly in the coil box. The bouncing 
of the car makes the coil units touch the metal 
cover of the box and causes misfiring. 

Sometimes, misfiring is due to the wooden lining 
of tho metal coll box being damp and allowing the 
electric current to leak across from one terminal to 
another. 


HAST NO. 354—Remagnetlzlng Magnets—continued. Ignition Troubles. 


IGNITION AND LIGHTING. 


♦♦Dressing Vibrator Points. 

The coil poiat screw is clamped, by means of 
two nuts, to the center of the metal strip. The 
•trip is moved for¬ 
ward and backward _ VP 

orer the oiUtone. WIP Ct S, X / H»« »TPt- 

thus securing a true f( 9 * O*/ 

surface on the tung- M&bmM 

•ten point, which — u - u — 

makes it last much v- o(U 9 T 0 NS 

longer without grind¬ 
ing. A flat Jewelers file is often used also. 

A Battery Charger. 

A battery charger illustrated in Fordowner re¬ 
cently is shown in illustration. With this device 

the alternating 
current is recti- 

f nou. ^Y rmw fled t0 direct 

■ f current. The 

jA= == jLL II ““p®*®. *» *»• 

III tended to sup- 

piy the <rurrent 

for charging. 
The rectifier 
g and battery are 

placed in a 
I / battery box on 

_ ^" the running 
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1 -—-1 Ether, Picric j 

Q.—Can ether or picric acid be used for Increas¬ 
ing power for racing? A. — Yes, nitrous ether has 
been used but is dangerous. 

Nitrous ether Is purchased In glass tubes and is 
put on ice at least 8 hours before attempt to han¬ 
dle, as heat from palm of hand will explode it and 
the glass is liable to put your eyes out. Mix one 
ounce t<o five gallons gasoline and you may have to 
add a little more gasoline or a little more ether to 
get the best results. Ether you buy In pound cans 
1 b suitable for easy starting In cold weather, by 
mixing half ether and half gasoline and put it in 
a small tank on dash, using a small priming pump 

Miscellaneous 
♦The Master Vibrator 
Is a single coil (high tension), connected 
in series with the ignition system as explained 
on page 232 and illustrated in fig. 103 below. 
It improved the earlier wood box coils much 
more than it aids the latest metal box coils 
having tungsten points. With this system of 
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Fig. 108.—The master vibrator—see page 282. 

ignition, but one vibrator is used, see page 
232 for the general principle. The same com¬ 
mutator and other parts of the coil system 


Electric Lighting. 

Although this subject is treated on page 812, 
this illustration which is a good example, recently 
appeared in Automobile Dealer and Repairer, and 
reproduced here. Note the completeness of the de¬ 
tails and layout. A 100 ampere hour, 6-volt battery 
is used, which can be placed in a metal battery box 
located on the running board 

Of course, the battery must be recharged when ex¬ 
hausted. If nitrogen, 0 volt lamps are used the 
amperage used per hour would be about 6% amperes, 
therefore battery would give approximately 16 hours 
actual service. If spot light is used it will take 
2 amperes more. 

Acid and Gasoline. 

to squirt it in the intake pipe. This ether can be 
handled without danger, as long as it is kept 
away from a flame. 

Picric add; put one pound of picric acid in a 

( rlass bottle ana fill with gasoline or alcohol, keep 
n a cool place, stir twice a day for one week be¬ 
fore using. The pioric acid will not all dissolve, 
but pour out all the liquid, straining it through a 
fine aeive and mix the same proportion aa you do 
ether. You can use both together by equally divid¬ 
ing them. There ia one point to wateh closely; 
don’t get mixture too rich. Picric acid is injurious 
to engine and will increase heat. 

Electric Systems. 

are used, with the exception that the vibra¬ 
tors are short circuited by pieces of wire, as 
shown in fig. 103, and fig. 6, page 264. (The 
master vibrator is not supplied by Ford Co.) 
Atwater-Kent Ford Ignition System. 

On page 248 a detailed description of the 
Atwater-Kent ignition system is given. The 
Ford Atwater-Kent system is similar in de¬ 
sign to that described, and is furnished com¬ 
plete with cam gear cover plate which make* 
a neat and secure fitting when the old com¬ 
mutator is removed (figs. 1 and 2, page 810). 
The distributor is accessibly arranged in a 
vertical position. 

tWhen fitting this system, the old coil box 
on the dash is removed and a single unit 
non-vibrating coil, contained in a small box, 
is mounted on the dash. The radiator should 
be removed, to facilitate the placing of the 
cam gear cover, also the fan assembly and 
the spark control rod. The timer and wires 
are then removed, but the hexagon nut is 
retained to hold the bevel gear of the new 
system. 

.With this system the magneto can be used 
entirely for lights—or entirely removed, thus 
reducing the drag due to the magnets. 

These single spark battery systems, and 
high tension ignition magnetos are especially 
adapted to racing Fords and speedsters. The 
more accurately timed single-spark, which 
these systems give, is especially valuable at 
high engine speeds and gives more power. 


CHABT NO. 865—Miscellaneous Electric Systems. Dressing Vibrator Points. A Battery Charger. 

*See also rage* 264, 232, 230. tWhen fitting an Atwater-Kent system to a Ford the piston is placed % in. 
down afte top, see page 316. **See also, page 234. Ford genuine vibrators are made of spring steel, heat 
treated aid grain running one way; thus increasing resiliency. The points are high grade tungsten. 
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FORD SUPPLEMENT. 


Atwater Kent Ignition 
and Kemco Generator. 

Figs. 1 and 2 show how 
a direct current genera¬ 
tor, of which the Kemco 
fan-type generator is a 
good example, can be 
used to keep a storage 
battery fully charged. 

The storage battery then 
furnishes a reliable 
source of electric current 
for lighting and other 
purposes, even when the 
engine is stopped. A cut¬ 
out is provided in the 
circuit as shown in cut, 
to keep the battery cur¬ 
rent from flowing back 
through the generator, 
when the engine is not 
running. (The Atwater- 
Kent Co., Philadelphia, 

Po.) Figs. 1 and 2.—Atwater-Kent Ignition and Kemco Generator. 



OWING TO SMALL AMOUNT OF CURRENT 
ACQUIRED ON THIS SYSTEM DRV CELLS— 
iF FRESH, WHEN ATTACHED,LAST SEVERAL 
MONTHS. 

MAGNETO CAN BE USED FOR LIGHTS,- 
WHEN RUNNING 

ZINC 


KEMCO 
FAN TYPE 

GENERATOR 
TO RECHARGE 
BATTERY. 



1 

STORAGE 

BATTERY 
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ASA SOURCE OF IGNITION ELECTRIC SUPPLY, 

AND CAN ALSO BE USED POR LIGHTS. 

DRY CELLS NOT NECESSARY IP STORASE BATTERY IS USED. 


♦The Kemco Electric System 
' For Tlie Ford. 

Generator: Consists of a direct current gen¬ 
erator (13 lbs), driven from crankshaft by a 
Whittle V belt. It is mounted in the fan and 
charges a 6 volt battery which supplies current for 
lights, ignition and the starting motor. 



Fig. 106.—The Kemco wiring diagram. 


The starting motor is geared back 16 times. It 
is a series wound motor and starts engine through a 
roller chain connecting with sprocket on an over¬ 
riding clutch connected to crank shaft. 


New York 1 ‘Vibrator-Lea* ’ Coll Ignition. 



Consists of a non-vibrating coil, circuit-breaker 
etc., including all wires and parts ready to mount. 
The Ford magneto supplies current for this igni¬ 
tion as well as for light¬ 
ing, etc. 

A feature of this sys¬ 
tem is the combination 
mechanical and electri¬ 
cal circuit-breaker. As 
is known, there are dead 
or neutral points when a 
Ford magneto generates 
no current (see page 
265) therefore the func¬ 
tion of the electro-mag¬ 
net (E) shown in illus¬ 
tration, of the circuit 
breaker is to give a 
series of sparks in or¬ 
der that the dead points 
of magneto are fully 
taken care of. The me¬ 
chanical finger M, by 
action of rotating pins 
(P) forcibly separates 
the contacts (O) at the 
completion of each 
sparking period. (New 
York Coil Co., 338 Pearl Street, New York.) 


♦Oiling a Ford For Speed. 

Oil reservoir (R) placed at any convenient point 
from which oil is pumped by hand oil pump (P) to 
crank case (E). From here it is pumped by small 



The oil pump is placed opposite No. 4 exhaust 
cam by drilling hole large enough to permit head 
(A) to pass through. Pump parts are made of 
brass tube (B) screwed to flange (0) having 4 
holm for cap screws. Orank-case is tapped and 
leather gaskets inserted between. Piston of pump 
is made of steel. Bushing (D) is fitted into (B) 
to which remaining part of pump is screwed. 
Check valves and parts are shown. 

Oil pipes are % inch copper tubing using solder- 
less connections. At (F) pet cock is removed and 
a fitting screwed into 
its place and tubing 
(G) leads from this to 
lower part of oil pump. 

A hole is drilled at 
(T) and tapped to take 
connection. (Motor 
Age.) 

Fig. 34—Loose spokes 
in Ford wheels can be 
tightened by driving 
a piece of galvanised 
iron 2x1% in. form- . 
ing a wedge. Loose- “ 
ness is due to drying 34 
out of spokes. 



I 


OHABT NO. 356 —Atwater-Kent Ignition. Kemco Electric System for Fords. Miscellaneous. 

Other concerns who manufacture Ford electric starting and lighting systems are Westinghouse Electric O©^ Pitts¬ 
burg, Pa.; Gray and Davis. Boston, Mass.; 0. F. Splitdorf, Newark, N. J.—see page 823. *See also pages 814 
.nd 810 and page 864-A for Ford electric system for enclosed cars. 








MOTORCYCLE ELECTRICAL SYSTEM. 
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SPLITDORF MAG-DYNAMO. 

Note—This motorcycle matter should have been with pages 843, 844 and Insert No. 3, but this 
being the enly page in the book to quae It was placed here. 


This Is a combination of a magneto and a dynamo. The 
dynamo armature which generates "direct*’ current is 
placed above. (1) being the commutator. The magneto 
armature (U), ie a regular armature with wire revolving, 
generating ‘‘alternating" high tension current, and is 
placed heir ‘ ' 

dependent. 


Plow. The two are entirely separate and in- 


or magnets are not of the * ’permanent" 
type, but are of the "electro” type, excited in the 
first ease by the current in the storage battery, or by 
the first few revolutions of the generator. Hie dynamo 
and magneto are separate and distinct otherwise, but 
combined in one unit. 



Magneto Part. 

The magneto part of the "mag-dynamo” supplies cur¬ 
rent for ignition. Its armature (U) is a double wound 
(BW-secondary—PW-primary) high tension revolving 
type. The interrupter parts are shown; P—platinum 
points of contact breaker; L—cam; H—roller grounded 
with frame or base; T—spark plug; P—points are set 
.015” and spark plugs .020” gap. 


Dynamo Part. 

The dynamo generates a "direct" current—which 
chargee a storage battery, and also supplies current for 
lights. Armature is driven by a gear from the mag¬ 
neto or lower armature. With the battery "floating- 
on-the-line” (see page 334), the unit has a maximum 
output of 8 amperes at 7.5 volts at 1400 r. p. m. of 
engine, equal to 80 m. p. h. with average road gear. 


Cut-Out Principle. 

Principle of the automatic cut-out used with the dynamo 
is as follows: 

When the rider gives the starter pedal (see page 844). 
a downward thrust as in starting, the mechanical gov¬ 
ernor part (J) is forced down by centrifugal action 
of arms (K), which acts upon the spring (0), bring¬ 
ing the main line contacts (A) together; this allows 
about 1 or 1% amperes to flow through the field wind¬ 
ing (and armature) magnetising it so that the lower or 
ignition armature may produce sufficient current to 
spark the engine. 


If the engine is stiff or hard to turn over the starting 
switch is depressed allowing four amperes to go through 
the shunt fields and armature, the starting switch mere¬ 
ly cuts around the contacts (A) so that a strong mag* 
neto field is obtained when the rotation of the arma¬ 
ture is slow. Of course when the battery is disabled, 
a powerful thrust on the starter pedal will rotate the 
generator armature fast enough to generate sufficient 
current to magnetize the field enough to furnish a 
spark at the plugs. 

As the speed of the motorcycle increases up to about 
30 m. p. h. the charging current also increases to about 
8 % amperes, then through the increased action of' the 
governor spring a second oontact at (B) comes into 
action, this connects the regulator or bucking coil (D) 
into the circuit and magnetises the soft iron core (N 
A S), which you will note, is magnetized the same way 
as the field coils, this action bucks the magnetic field 
of the generator armature and drives the magnetism 
down to the ignition armature field, weakening the 
generator field and strengthening the magneto field. 
The Ignition current is a straight high tension current 
from magneto at all times. When first starting the 
magneto field is energized from the battery and when 
running, from the generator. Otherwise that is all the 
connection the ignition or magneto has with the dynamo 
or generator. 

Timing Magneto on 44 Mag-Dynamo.” 

Indian, Thor, Merkel, the piston is placed from top 
of compression stroke with breaker box advanced. On 
the Harley-Davidson (Dixie magneto), % 2 ”; Excelsior, 
W; Pope, Dayton, 

A handle bar switch is also provided which should only 
be used when engine is cold and hard to start. When 
switch is depressed (with battery on circuit) it permits 
battery current to flow through the shunt fields (and 
armature), and provides a powerful magnetic field; in 
consequence, a hot spark is produced at low engine 
spoed. Excessive use of switch will exhaust battery. 

Adjustments of Mag-Dynamo. 

To adjust cut-out and current control; with engine idle 
and all lights turned off, remove regulator box cover and 
adjust the current control contact screw (A); the cor¬ 
rect setting of the contact points should be between 
.016 and .026 inch. This setting will permit battery to 
discharge about 1 to 2 amperes. On the other side of 
the regulator box the setting of the main cut-out con¬ 
tacts can be made as follows: With engine running 
slowly loosen lock nut and turn current control screw 
(B) several turns to the left, increase the speed f 
engine until ammeter shows 3 ampere charge. With 
engine running at this speed (approximately 1200 r. 
p. m.), turn screw (B) to the right until ammeter 
needle drops back approximately 2 ampere charge, then 
set lock nut. t 

The fuse used in the circuit is a 15 ampere fuse. Posi¬ 
tive pole of battery is connected to fuse block and 
negative terminal is grounded. 

In case of failure of battery, three dry cells can be 
utilized, connected in series with carbon pole to fuse 
block and zinc grounded. 


Splitdorf DU-1 Generator. 


me principle or tne mechanical cut-out on the DU-1 Split¬ 
dorf motorcycle lighting and battery charging dynamo is 

shown in this illus¬ 
tration. Note the cen¬ 
trifugal action of G, 
on armature shaft, 
causes a sleeve at 
higher speeds, to 
press against arm 
(A), which through 
hinge (8) makes con¬ 
tact at (B). It is 
similar to the "mag- 
dynamo." 



On the late model motorcycles, the Dixie magneto (In¬ 
sert No. 3) is used, and a separate and distinct dynamo 
is mounted separate. This dynamo is termed the 
"DU-1” dynamo as abo\e. 


CHART NO. 857—Splitdorf 44 Mag-Dynamo’ 4 for Motorcycles. Used on former models of Indian a 
others, as shown above under timing. See page 843 for Remy and Insert No. 3 for Dixie Motorcycle Mi 
neto and Indian Motorcycle Engine. 
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FO RP SUPPLEMENT. 


♦♦Electric Lighting. 


tThe bulbs supplied on present Pord curs for the 
electric head lamps are 9 volts, 2 amperes, and 
brat results wil! be obtained by securing lamps of 
this voltage and amperage when replacement is 
necessary, (see fig. 87A, page 803, see also page 484.) 

If a lamp burns out it will be necessary to re¬ 
place it by removing lamp door. 

Should the door be removed care should be ex¬ 
ercised not to touch the silver-plated reflector or 
the bulb with anything but a soft, clean rag, pre¬ 
ferably flannel. 

To focus the lamps turn the adjusting screw in 
the back of lamp in either direction until the de¬ 
sired focus is attained, (see page 438.) 

21 or 27 c. p. is standard for headlights. For 
side lamps, 4 c. p.; for dash or tail lamps, 2 c. p. 
(see page 434.) 

±The model T Pords are fitted with 18-volt mag¬ 
neto, and therefore a 9-volt lamp in^ senes would 
really last longer than *8 volt lamps in sen®** but 
light would not be quite so bright. The older 
models magnetos gave 12 to 16 volts, therefore 6 
to 8 volt lamps were used-—connected in series. 

Nitrogen bulbs type O, are best (see pages 432, 
434), but are more expensive. 

When lamps are connected in parallel, 12 to 16 
volt, one ampere. 15 candle power type B bulbs 
can ’ be used. 

Proper voltage: You should get good lights at 
eight miles per hour and the bulbs should come up 
topfull candle-power at about twelve miles per hour. 

If the bulbs do not come to full candle-power, 
and cast a yellowish light, you should use a bulb 
of smaller voltage. 

if the bulbs burn too brightly, throwing an ex¬ 
ceedingly white light at slow speeds, the bulbs are 
too low voltage and higher voltage should be used. 
In this case, the life of the bulb would be very short. 

Wiring. 

Wire—No. 16 flexible lamp cord, run through 
metal tubing or flexible loom (see page 426), is us¬ 
ually used for wiring. 

♦Lighting Connections. 

Fig. 1 is a “series" circuit and is the way Ford 
headlights are connected up 
factory. (see Jfig. 
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87A, page 803). The 
new model Fords are 
fitted with an 18- 
volt mqgneto and 
therefore two 9-volt 
lamps in series 
should be used. The 
older Fords magnetos 
give 12 to 16 volts, 
so that 6 to 8 volt 
bulbs should be used. 

Fig. 2 shows a "multiple" circuit, in which the 
lamps are connected in parallel and there is a 
ground wire for each lamp. When this type of 
wiring is nsed. 12 to 16 volt bulbs should be used 
on old Fords, and 
18 volt bulbs used 
with the new type 
magneto. 0 a r e f u 1 
running of the en¬ 
gine, to avoid burn¬ 
ing out the bulbs, 
will be necessary 
when the headlights 
are connected in 
this way. 


age, as otherwise one bulb will be liable to burn 
out. 

For dash and tail lamps, two or four candle 
power bulbs of 6 to 9 volts can be used according 
to model of car. 

Storage Battery Connections. 

Por ignition, horn, and lighting—one terminal of 
the storage battery can be connected to terminal 
(B), rear of coil box, see 
fig. 87, page 803. The other 
terminal is grounded to 
frame of car or engine 
(make clean contact and 
draw tight with a bolt). 

The wire to (B) connec¬ 
tion on coil, should have 
8 branches. One branch 
should connect, through a 
single pole switch, to a 
three-volt lamp on the dash. 
Then the wire from this 
dash lamp should proceed 
to a three-volt tail-lamp at 
the rear of the car. The 
remaining wire from the 
tail-lamp should be con¬ 
nected to the metal of the 
chassis frame. This places 
the dash and tail-lamp in 
series, so that if the tail- 
lamp should burn out or 
become disconnected, the 
dash lamp would also be 
extinguished, thus warning 
the driver. See foot note 
bottom of page 847, Pack¬ 
ard Supplement. 

Another wire should be connected, through a sin- i 
gle pole switch to the spot light, the remaining wire | 
from the spot light being grounded. | 

The third branch wire from the battery should 
be connected to the binding post on the left-hand 
corner of the coil box, looking from the radiator 
towards the dash. When the switch on the coil 
box is turned towards the binding post, to which 
the battery wire is connected; the battery will be 
connected for easy starting, and no other switch 
need be used. 

The bulb for the spot light should be rated at six 
volts. The bulbs for the flash and tail-lights should 
be each rated at three volts. If desired, the bulb 
for the dash may be rated at two volts, and the 
bulb for the tail light at four volts. But they 
must be of the same amperage. Only two switches 
will be needed. 

The usual voltage of storage batteries is 6 volts, 
therefore lamps of this voltage should be used. 

The number of hours a battery will operate, de¬ 
pends upon the number and site lamps used and 
the ampere hour capacity of battery (see pages 
438 and 441.) 

When battery Is exhausted it must be taken te 
a charging station and re-charged. There is a de¬ 
vice known as the Warner battery charger, which 
it is claimed will rectify the magneto current from 
alternating to direct and battery can be charged 
from magneto, (see page 809.) 


CHART NO. 358—Electric Lighting and Connections. 

♦See also page 430. JThe voltage of the Ford magneto varies from 16 to 20 volts at average speed, see page 770. 
For headlamps, use two 9-volt bulbs in series—see page 434. If one wishes the brightest light possible to obtain 
use two type 0 bulbs (page 434), which are gas filled and give 27 c. p. The gas filled lamp will not last as 
long as the type B, but gives a brighter light. If type B lamps are used, use two 9-volt, 16 c. p.; both con¬ 
sume 2 amp. Order for D. C. base. 

See page 864-A for electric system of Ford enclosed cars. 
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♦Speeding Up ft Ford. 


As I have helped in rebuilding several 
Fords that turned out exceptionally fast for 
the money invested in the job, I believe that 
I have gained some experience that may be of 
value to others, so will set down what I have 
learned, and it may be taken for what it is 
worth. 



There have been a few jobs turned out 
that ran into the thousands, you might say, 
and that were Fords in name only when 
finished. Of these I will have little to say, 
taking it for granted that what is wanted 
is something that is within the ordinary 
man’s reach, both in a pecuniary way and, 
if he delights in doing his own work, in a 
mechanical way. 

Division of Work. 

The work naturally divides itself into two 
parts, the engine and chassis, or running 
gear. I will discuss the engine first, it being* 
the most important part. 

Engine. 

The engine, as It comes from the factory, 
has bored cylinders, and as it is impossible, 
especially in a commercial way, to bore a 
perfectly true cylinder, the first thing you 
should do is to have your cylinders reground 
by a competent machinist, one who makes a 
specialty of this sort of work. Then you have 
a set of cylinders that are in line, have equal 
bore all the way through and are as near 
round as it is possible to make them. 

The pistons I have used were cast of alumin¬ 
um alloy, of course, and were equipped with 
non-leaking rings. Whatever make is purchas¬ 
ed or if you have them made to order, see to 
the following things: There should be a rib or 
* * reinforced run ’ ’ from the piston-pin boss up 
to the piston head on the inside. Also several 
ribs should be cast across the inside of head. 
This both stiffens the piston and helps in 
carrying away the heat from the explosions. 
If you have the pistons made to order, it is 
advisable to have them cast and machined for 
two rings rather than three. This cuts down 
ring friction, lightens the part, and will hold 
compression as well as three or more rings 
if properly fitted. 

♦♦In fitting the piston, plenty clearance must 
be given—from .007 to .008 at the top being 
about right. This may seem excessive, but 
remember that the expansion of aluminum is 
much greater than of cast iron. 

This large clearance may lead to oil pump¬ 
ing and foul plugs, and so I have always 
turned and drilled an oil groove in each pis¬ 
ton just below the lower ring groove as shown 



off. There are eight, %-inch holes drilled 
through the groove at equal distances around 
the piston, slanting down toward the inside. 
The top corner of the ring should also be 
slightly founded. As the piston goes up the 
rounded edge of the ring and the groove 
tend to slide over the film of oil on the cyl¬ 
inder wall, while in going down the sharp 
lower edge of the ring scrapes the oil in the 
grooves and it runs through the holes to> 
inside of piston, and thus back to crank case. 

Lapping Bings to Fit. 

Tbe rings should be of some good non¬ 
leaking type, or at least be step cut (see page 
655.) Fit them in the cylinder with a gap 
of about .004, then lap them to a fit. In 
lapping them in, they should be placed on 
an old piston, cast iron is best, and worked 
back and forth in the cylinder, keeping the 
cylinder walls well covered with a mixture 
of exceedingly fine carborundum or some other 
abrasive and oil. (see page 660.) As the 
piston is moved back and forth, also give it 
a slight rotating movement. I have used a 
tool similar to the one shown in fig. 2 for this 
purpose. The wrist pin goes through the hole* 
shown. 

Job Bepays Trouble. 

This is a long tedious job, but you will 
be well repaid if it Is properly done.* It 
takes from 1500 to 2000 miles to wear in a 
set of rings under running conditions. Be 
sure and get all the abrasive from the cyl¬ 
inder walls and rings after the lapping is 
finished, or it will continue after engine is 
running. 

You can lighten the connecting rods con¬ 
siderable by dressing them up with a file and 
drilling several holes through the inside web. 
This does not dangerously weaken them, 
judging from my experience. Do not drill any 
holes in the last inch toward the bottom, as 
this is where the most strain comes, and any¬ 
way this part of the rod is more of a rotat¬ 
ing than a reciprocating mass. In one car 
the rods were chucked up and the lower ends 
turned out and bearings (made of Kelly 
metal) were cast, turned to fit and installed. 
After 2500 miles of driving, most of it at 


CHABT NO: 859—Speeding Up a Ford. 

(Hjr E. B. Williams in Motor Ago.) 

*8oo also pages 760 and 761 for additional matter. **See pages 646 and 651. 






114 


FOBD SUPPLEMENT. 


continued from chart 859. 
high speed, the engine was torn down and 
these bearings showed practically no wear. 
This metal, if used, must be fitted with plenty 
of clearance. 

Large Valves axe Better. 

Ton will secure better results if the valve 
ports and pockets are turned out and larger 
valves used. No trouble is liable to be en¬ 
countered in boring the scats and ports from 
the top, but when going in from the side the 
tool will sometimes break through,, and yon 
will have to have the hole welded. It is best 
to do this before regrinding the block, as the 
heat, if welding is necessary, will warp the 
walls surrounding the weld. The ports can be 
enlarged A inch and this is necessary if yon 
expect good results. I have used tungsten 
steel valves, giving the stems plenty of 
clearance. 



The springs must be stiffened considerably, 
either by installing heavier springs, or by 
placing spacers between the upper ends of 
springs and the cylinder casting. 

It is good practice to install adjusters, us¬ 
ing the kind that screws into the valve push 
rod, it being necessary to anneal, drill and 
tap the rod. While you are about it, drill 
the length of rod to the head, but not through. 
This lightens the part and cuts down inertia, 
thus helping the valve to close quicker. 

Cam Shaft. 

At this stage we come to the camshaft, 
which should be of the high-speed type if 
you can afford it, several different makes 
bring on the market.* I have secured good 
results with shafts taken from Ford cars of 
1912 or earlier vintage. You will find them 
considerably different from the new type. If 
the regular shafts are used do not try chang¬ 
ing the timing, as one tooth on the coarse 
pitched timing gears of the Ford throws the 
timing out too much. 

Bemove Magnets. 

Leave out the magneto armature coll assem¬ 
bly, and remove the magnets from the flywheel, 
screwing back the brass screws and brass 
magnet supports only. It will be necessary 
to shorten the screws a little. They will 
kick up almost as much oil as the magnets, 
and considerable drag will be removed. 

♦Crankshaft. 

Now see that the crank shaft Is perfectly 
true, then assemble the crankshaft and gear- 
set and try out in the lathe, first seeing that 
the bushing in the driving-plate assembly is a 


good fit on the gearset shaft. If there is 
any wobble it will probably mean turning 
up both sides of the gearset-shaft flange and 
the back side of the crankshaft flange. Now 
reassemble and turn up the flywheel if neces¬ 
sary to make it run true. Take out the as¬ 
sembly and try on two perfectly level knife- 
edge testing bars for balance. If one side of 
flywheel turns down, take out material on 
that side until the wheel stays where yon 
turn it. This may seem a lot of trouble, but 
it is essential that these parts be true and in 
perfect balance. 

Gearset May Affect BearlngB. 

The power and added strain at high en¬ 
gine speeds will sometimes cause the gearset 
to whip out the babbitt bearing at the rear 
in what is called the front ball cap. This 
will in turn loosen up the rear main bearing. 
I have found it advisable to turn out the ball 
cap and equip it with a bronze bushing, fit¬ 
ting it rather loose on the gearset driving- 
plate assembly shaft to give lots of room for 
oil. 

♦♦Lubrication. 

It is good practice to fit some auxiliary 
oiling system besides the gravity one with 
which the Ford is equipped. If money is 
no object a force feed system can be in¬ 
stalled, which should have leads running to 
all four cylinders, being tapped through the 
walls on each side near the bottom of the 
cylinders and also a large lead running to 
the front of the crankcase. I have secured 
good results by cutting a % hole near the 
top of the gearset case on the right side and 
running a piece of brass or steel tubing, also 
%, to empty into the timing-gear case as per 
fig. 4. The front end need be only a snug 
fit in the case, but the rear end must have a 
flange which can be bolted to the gearset 
cover, using a gasket between. A sheet-iron 
partition can be installed just back of No. 
4 cylinder. This can be made as high as it 
is desired to carry the oil level under the 
connecting rods. Of course every car in¬ 
tended for long distance should also have 
a hand oil pump convenient to the driver 
which will force oil from the reserve oil 
tank to the front of the engine. 

High-Tension Magneto Not Used. 

While I believe a good high-tension mag¬ 
neto to be the best Ignition on earth, I 
have discarded it In Ford work on account 
of the. additional power needed for driving. 
Turning a magneto armature over at two 
or three thousand revolutions a minute re¬ 
quires more power than is generally thought, 
in my estimation. I have used a battery 
distributor system because it is light, is 
easily driven and works on the open circuit 
idea, thus requiring only four or five dry 
cells for current. 

Cooling 

Some additional cooling is needed. I have 
found the large V honeycomb type of radiator 
to be best. You will find that it will pro¬ 
bably be unnecessary to use a fan with one 
—continued in chert 861. 


JHABT NO. 300—Speeding Up a Ford—Continued. 

Bee also page 819. “Special racing camshafts." **See also pages 816, 810. 

Oennterbalances which can be clamped to a Ford crank shaft and which the makers claim will increase the 6«- 
^flity and power of the engine are manufactured by The Dunn Counterbalance Oo.. Olartnda. Iowa. 
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of these. If you are building a streamline 
body it will be better to have some radiator 
maker build one of the tall narrow kind, 
(see page 190 and also ehart 366) to order, 
or you may purchase a stock radiator. If 
it is necessary to use the original radiator, 
have a good tinsmith build on an extra tank 
to the top, either back under the hood, or 
point it and extend it out in front. Any¬ 
way, the original equipment must be im¬ 
proved upon for fast work. 

Oarbnretioa. 

Pot a carburetor I recommend a 1)4- inch 
type, with a 1)4-inch built-up steel-tubing 


given good results. No cast manifold. is 
efficient, as the rough surface inside with 
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possible fins and irregular turns, seriously 
hampers the flow of gas. 

Air Pressure. 

It will be necessary to use air pressure on 
your gas supply as the carburetor should be 
set high, thus shortening the manifold. 

Inlet and Exhaust Manifold. 

Each end of intake manifold has a collar braxed 
or welded about %a inch from the end; also the 
exhaust pipes, which are of steel tubing and run 
straight out through the hood. A copper-asbestos 
gasket is slipped over the end of manifold and 
tight fit between the collar and the cylinder 
casting. Manifolds are held on by crows’ feet, 
which slip over the original studs and bear against 
the outside of the collars. 

Running Gear. 

When we come to the r unnin g gear we have two 
to consider. If the car is to be used for 
fast track work only, by all means lower it. But 
if you want it for other work too, you will prob¬ 
ably have to leave it up in the air, and sacrifice 
Some efficiency. 

The best way to lower the front end. to my no¬ 
tion. is to have a new axle made similar to the one 
illustrated below in fig. 8. It leaves your frame 
strong and rigid, and an added advantage is that 
your radius rods are still in a straight line. 

The rear end of the frame can be lowered by 
off the side members Just in front of the 
rear cross member and using steel forgings as 



“ DROPPED FRONT AftU£ 


L tOTA 

rmr mi 1 fr mmt 4 U. 


shown in fig. 3. The front end if a cheaper 
construction is desired, may be lowered as shown 
in fig. ff, by riveting pieces of channel iron on the 
sides of the frame,-letting them stick out in front 
about 5 inches. An extra cross member, similar to* 
the regular Ford front cross member but with a high 
instead of a low center, is riveted across the front 
to the two, new side extensions. This sets your 
front axle ahead enough to clear the radiator, and 
the amount of frame drop depends on the shape of 
your new cross members (as can readily be seen), 
which carries the spring. With this method it vffl 
be necessary to lengthen out your radius rods and. 
the starting crank. 1 

Assembly Should Be Kept Rigid. 

In tilting the steering post it is desirable to 
keep the assembly as rigid as possible. Have it 
bolted to the dash securely, blocking behind the 
dash plate with a wedge-shaped piece of hardwood 
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will be necessary to drill a new hole in side of 
frame for bolting down the bracket. You can blook 
under the bracket where it tips from the frame 
with steel washers before bolting. 

Steering. 

The steering-gear connecting rod and the spindle- 
arm connecting rod should both be stiffened. An 
easy way to do this is to place a piece of small 
channel iron or steel tubing alongside the rod 
and bind the two together with several layers of 
tape, taping the whole length of rods, and then 
shellacing the whole job. This is cheap, easy to 
do, and makes a permanent job. 

Axle. 

See that the axle tips toward the back of the car 
at the top. The nearer vertical the axle is set, 
the harder it is to steer, and when the top of the 
axle gets ahead of the bottom, it is almost impos¬ 
sible to keep the car in the road. 

A good gear ratio for a car put up like this one is 
about 2fr to I. While I have always made my own 
special gears, several 'concerns are making and ad¬ 
vertising them. Some makes sell for $16. 

While you have the rear end down see that the 
differential gears are a good fit on the inside ends 
of the axles. These sometimes get loose and tear 
the key seats out of the axle. 

The rear hub brakes on the Ford were only in¬ 
tended for holding the car when standing still, 
and if used when running they do not last long, 
and are not very efficient at that. The best brakes 
I have used so far were secured from Los Angeles, 
Cal., costing $16 per set. They have large drums 
and external contracting bands lined with raybestos. 

Be sure and see that the transmission bands are 
a perfect fit on the drums and are pot adjusted too 
tight. They can set up quite a drag if not properly 
set. 

Speed Thus Obtained. 

I had one of these cars do 68 m. p. h., and 
another one equipped with wire wheels 71. Of 
course, if economy is no object a new cylinder head 
with overhead valves and camshaft, wire wheels, 

• etc., can be added, the stroke lengthened and in 
this way a few miles per hour gained, but for the 
man of moderate means the foregoing described car 
will go fast enough and furnish lots of pleasure in 
the building. 

Cost 

The job I have described will run from $200 to 
$360, depending on how much of the work the 
builder is able to do himself. 

I have not taken up the construction of the body, 
as that depends upon the taste or ability of the 
man who is building the car, also upon the use to 
which it is to be put. For racing a pair of bucket 
seats and a gas and oil tank bolted to the frame 
° will get by very well, but are not comfortable or 
very clean. The body shown on page 818 is 
good, being neat in appearance, can be made com¬ 
fortable, and offers little resistance to the wind. 
While it is not drawn to scale, the proportions are 
near enough right to give the idea. There is a gas 
and oil tank in the rear compartment, with the 
spare being slung on the extreme rear. This body 
should cost you about $160 at Hhe average body 
builders. 

Don't forget your hood straps, and have them 
very substantial. 
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Lowering the Frame. 

The moet important point in converting a Ford 
i a iht* lowering of the frame, be- 

_ cause this car pro- 

. ffilU a sents an awkward 

"—[■■ df/Mlf appearance with 

bucket seats and big 
Fig. i —one of tho otmpio method* need gasoline tank when 

** "***9 *”* *** high off the ground. 

If semi-elliptic front springs are used, instead of 
the regular transverse spring, the semi-elliptic 

springs can be fastened under the axle by means 
of a U-shaped piece of flat steel, per flg. 1. Thus, 
the front of the car can be lowered several inches 
with but little change in the front »\1e itself. How¬ 
ever, the frame m 

will have to be ,—fl— 

changed, or spe- / 

eial spring hang- HglMLnjf 

ers fastened to the HMHNg .1 

frame to form ' 

supports for the j 

front ends of 
these semi-ellipti* _ 

springs. SI ^J? 

Fig. S shows " 1 

how a special >'<9- S— Tkie Ford trout mole U a mgeoidel 

dropped front axle •«* dropped end* 

can be made to _ 

lower the front Thfr=n 

end of the car 

without making u LI 

necessary incon- ru>. *—Method oj towering nor 
venient changes i*fi k £d I k LSjL & 

in the ch.isia SKT" ’ * “ 

frame. 

Fig. 3, chart 361, shows how 4 inches can be cut 
from the rear end of the frame on each side and 
the regular Ford cross member of the chassis frame 
supported on two $oose necks made from flat, bar 
steel. This also will give a frame about 4 inches 
lower than the stock car. 

Fig. 2 shows how the rear of the frame can be 
lowered by using the brake arm studs in the rear 
. axle housing to 

/ \_*_. fasten a forked 

( ^ c~\ «_■ —r-steel bar from 

I ** C the to 

V rC^- 7 ^ frame. About two 

VL-/ GJs inches forward 

Fig. 2 —Undenting rear oprlng. Forked /f 0m i^® 
rod B we* oachored at the brake rode the Spring shack- 

SSTL&rtu'aStofW’i • 1«» »re bolt.d and 

the regular cross 
spring suspended from them. This gives about a 
4 inch drop. (Motor Age.) 

Another Method of Lowering Frame. 

The work can be done by any good blacksmith 
and will not cost more than $15. The principal 
changes in dropping the frame are in making front 
and rear brackets which allow the frame to be 
hung 6 inches lower, as shown below. 


wo« cut off and a gooetne* 


_ Fig. 2—Ondcrelunp roar epring. Forked 

rod a woe anchored at the brake rode 
D and at the frame at O. Spring B 
woe ehaekled to the rod bp A 



The front bracket, consists of a piece of iron 
bent as shown, and made out of % by 2-inch stock. 
The method of attaching this is clearly indicated. 
The top is clamped over the spring, and the bottom 
ends are bolted to the cross frame member. 

The form of the rear bracket is also shown, and 
its attachment is even simpler than the front. The 


frame is sawed off and the two brackets are bolted 
in place. Oare should be taken in making the 
change not to alter the position of the axld relative 
to the frame backwards or forwards. 

The attachment of the front bracket requires 
that the axle be pushed forward a certain amount 
—probably 3 inches. This 'must be compensated 
for by welding pieces in the radius rods running 
to the front axle. 



TIm Sketch* 8b*w Hqw the Fonl Fmnw May be lowered. 

The lower position of the crank-case requires that 
the steering knuckles be bent downward so that 
the tie rod will clear it. (Newsabout Fords.) 

* Auxiliary Oiling. 

The present oil system in the Ford engine, while 
suitable for all ordinary purposes, is inadequate 

for high speed. The oil rotating with the fly-wheel 
^ is caught in a small 

funnel and carried 
trsm. ■through a %-inch tub- 

_ ing to the timing-gears 

E_E) n flowing to the engine 

. D case where it lubricates 

* _______ the moving parts of the 

.-, [5 5 engine. This funnel can 

k--21 L* *J hold only a certain 

r- & amount of oil and at 

L— _ J IPs B any speed the tube can 

MM M ■»> atreim. * *+* 

ToTkU ToM*** The funnel ghould be 
MM» Mas* oil eww made larger, the long 

way, and higher to increase the weight there, and 
the tube replaced with one vie inch in diameter. 

An auxiliary pump is frequently connected to en¬ 
gine as shown just above. An old tire pump 
can be converted into a pump as follows: 

An old tire pump is cut off about six inches be¬ 
low the handle. A metal handle substituted for the 
wooden one as shown in the drawing. The bottom 
of the pump is removed and carefully soldered 
and the air outlet soldered up. Two check valves, 
requiring no solder, are fitted to the bottom of 
the pump by drilling and tapping. The valves 
are, of course, inserted so that they will act in 
opposite directions. The valve allowing oil te en¬ 
ter the engine allows the oil to be forced out of 
the pump, but will not allow it to re-enter. The 
other valve, working in the opposite direction, per¬ 
mits oil to come from the supply tank to the pump 
when the handle is pulled up. When the hmidle 
is pushed down one valve closes while the other, 
(the one permitting oil to enter the crankcase), opens. 

The supply tank may be located where most con¬ 
venient and, is connected to the pump by copper tub¬ 
ing. The pump is placed under the front seat in 
a position where it can be operated easily. 

Fenders. 

For fenders we would suggest canvas guards, 
front and rear. They are easy to make and noiee- 



/f Cannes ffuapuar/r, /rone ten —^ 

cr>a £es/'t/ Moor - Support 

a no rro*e\ gooe lamp Or#c*er 

less. Put a-couple of coiled springs at the lower 
ends, and they will never sag. (Newsabout Fords.) 
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Note: This matter is collected from various authoritative sources. Writer has not personally tried out say of 
the devices. *See also pages 810 and 814. 
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Cylinders. 

If the car has been driven over two or three 
years, it will be probably advisable to have 
the cylinders rebored to the Ford'standard of 
inch oversize. While this will only add 
about one-half horsepower to the engine on ac- 
■ count of the larger bore, the fact that the 
cylinder casting will have aged sufficiently to 
attain its permanent set, will have more in¬ 
fluence on the power of the engine than is 
often supposed. 


I 


i 


♦Compression. 

It is, perhaps, not generally known that the 
cylinder heads on the Ford cars have not al¬ 
ways been the same. The cylinder heads used 
a few year8 ago were not as deep as those used 
on the latest models. tTo obtain higher com¬ 
pression (which 
is necessary for flG.5 
high speed 
work), it will 
be well to se¬ 
cure one of 
these old style 
cylinder heads. 



^cvlhsad* 


Depth of cylinder head 

They can be identified by 
comparing them with cylinders of the latest 
type, using a depth gauge as per **• 6. 

These high compression cylinder heads give 
more power, but they are harder on the bear¬ 
ings and make the engine more liable to 
knock, so that many owners are very glad to 
trade them for cylinder heads of the latest 
type, if the difference is pointed ou« to them. 


It is true that different compressions affect 
the power of explosions and that an uneven 
compression ratio in different cylinders will, 
consequently, cause an engine to jerk. If the 
compression is excessively high it can keep 
the spark from jumping the gap in the plug. 

If the old style cylinder head cannot be ob¬ 
tained, it is possible to plane off about one- 
eighth inch from the bottom of the cylinder 
head and thus increase the compression of the 
engine to about 70 pounds to the square inch. 
The work must be carefully done, so that a 
true surface is obtained, or water leaks and 
lorn of compression will result. Qood gaskets 
should be used between the cylinder head and 
the cylinder blocks, so that no compression 
will escape. By the use of Prussian blue and 
a scraper, it is possible to fit the cylinder head 
. to the cylinder block without the use of a 
gasket, thus reducing the compression space 
about ^2 of an inch. 

Unless the compression is the same, the en¬ 
gine will not be in good balance and loss of 
power will result. The power lost when one 
cylinder does not fire is far more than %th, 
and this is due largely to a loss of balance. 


Valve Springs. 

One of the most important features neces¬ 
sary to obtain increased power is good valve 
action. Valve springs are cheap, and it pays 
to install a new set of valve springs occasion¬ 
ally, even if the old ones do not seem to be 
worn out. Lively springs close the valves 


promptly and this is especially necessary if 
the engine is to be run at high speeds. If it 
is to be used for racing and the last ounce of 
power is desired, it may be advisable to use 
special valve springs that are stronger than 
the regular type but which are more apt to 
break the valves and are more noisy. 

It is, of course, understood that the engine 
will be kept free of carbon and the valves 
ground frequently, if used for speed work. 

♦♦Valves and Cam Shaft. 

In order to obtain the highest possible 
speed, it is necessary that the valveB be timed 
differently than is standard practice. For rac¬ 
ing, it is necessary that the valves be given a 
greater lift, that is, open farther, and that 
the cams be so designed that the valves be 
opened and closed more quickly. Now these 
quick-action vakve cams cause greater wear 
and tear and make more noise. It is also true 
that the engine will not run smoothly on high 
gear at speeds of less than 20 miles an hour, 
so these special cam shafts are only of value 
when the car is used for racing only. For use 
as a speedster, on average roads, the regular 
camshaft is probably the best. It is easy to 
set the timing gears one tooth ahead and so 
open the valves earlier, but this also means 
that they close earlier and so little ia gained 
by this practice. 

It is sometimes asserted that the speed of 
the Ford engine is purposely limited by the 
small size of the ports or valve openings. 
This is probably done so that careless drivers 
will not run the engine too fast, but if it 
is intelligently handled, it is true that greater 
power can be obtained by enlarging the ports 
or valve seats. A wide seating for the valves 
is not necessary and tends to restrict the flow 
of the gases. One thirty-second of an inch is 
wide enough, but requires more frequent 
grinding and valve adjustment than a wider 
seating, as it wears more quickly under the 
hammering action of the valves. Fig. 2, (page 
818) shows how the valve ports may be bored 
out larger, but great care should be taken not 
to break through the sides of the water jack¬ 
ets, as the walls are not always uniform 
thickness, due to the displacement of the 
cores when the castings are made. 

Qetting a large charge of fresh gas in the 
cylinders for each explosion is one of the es¬ 
sentials of maximum power. Along these 
same lines is the necessity of getting the old 
burned gases out quickly. For this reason, a 
muffler is often omitted from racing cars, al¬ 
though a ear cannot lawfully be operated 
without a muffler on the roads of many states. 
However, a cutout is easily attached, and if 
used in moderation, serves the purpose very 
well. If no muffler is used, the end of the 
long exhaust pipe should be somewhat flat¬ 
tened, so that the sound waves will be some¬ 
what broken up as they emerge. A number 
of small holes, and diagonal saw cuts will also 
aid in giving a free exhaust without undue 
noise Or, it is possible to remove one of the 
baffle tubes from the muffler, or bore addi- 
—continued on next page. 


CHART NO. 808—Increasing the Speed of a Ford—by Murray Fahnestock in Fordowner. 

*In Ford races held in Chicago, there was not a car in which attempts had been made to increase compressio 
by reducing compression space, and cast iron pistons seemed to predominate. Gear ratios used were fr« 
2% to 8 to 1. For long races, radiators were fitted with tanks for extra water capacity. 

"‘Sometimes the Inlet valve is made to open slightly earlier for speed work. In this case engine will not Ml 
down very well. See also page 909 and pages 793, 629 and 640 on compression. fOlearance between plsto 
head of Ford high compression cylinder is about 1". 
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tional holes in the muffler tubes, so that a 
comparatively free exhaust is secured without 
losing the muffling qualities altogether. 

Oarburetlon: To obtain the maximum speed 
from the engine, a larger carburetor, say the 
1 %-inch size, can be used. This will not be 
economical of gasoline, and the engine will 
not run as smoothly at low speeds, but with a 
larger carburetor and a larger intake mani¬ 
fold, which should be smooth inside, the en¬ 
gine can draw in fuller charges at high speed. 

The piston rings certainly create friction as 
they rub against the cylinder walls, and if 
the top ring is so well fitted that no compres¬ 
sion will escape past it, the two lower rings 
are unnecesary, as they cannot stop any gases 
that do not reach them. Some owners prefer 
to fit special piston rings, see page 655, at 
the top of each piston and claim that it makes 
the engine run more freely. However, if only 
one ring is used, greater care must be taken 
to keep that one ring in good condition. 

If the rings are fitted on an old piston, they 
may be lapped in by using emery and a more 
perfect fit obtained, and then they may be 
placed on the new pistons for actual use. If 
lapped on the new pistons the grooves (for 
the rings) in the pistons are apt to be worn. 

Platons: For high speed driving it is nec¬ 
essary that the pistons should be rather a 
loose fit in the cylinders, as otherwise they 
are apt to seize when the inevitable expan¬ 
sion due to heat occurs. This does not mean 
that it is not necessary to rebore cylinders or 
fit new pistons on old cars, for in such cases, 
the cylinders and pistons are apt to be worn 
oval, due to the thrust of the connecting rod 
and so do not have the proper clearance all 
around. 

Light pistons are certainly an advantage, 
and the use of aluminum has much to recom¬ 
mend it, especially if new pistons are to be 
fitted in any case, as then the additional cost 
will not be so much. In case the cast iron 
pistons are used, they can be greatly light¬ 
ened by careful drilling, care being taken not 
to weaken them too much. Most of the holes 
should be drilled near the ends of the piston 
pins, for if drilled on the sides, where the 
thrust occurs, they permit the oil to be 
squeezed out and spoil the lubrication where 
it is most needed. 

Light reciprocating parts are the secret of 
high speed and power. If we consider struc- 
tural iron work, we will notice that beams are 
made very heavy along the edges where the 
strain occurs and often the center is only a 
light lattice of thin steel strips, (see fig. 1, 
page 813, for a drilled rod.) 

It is possible to balance the rotating masses 
of the engine, but it is not practicable to bal¬ 
ance the reciprocating weights, except to a 
small extent. But by making the parts lighter, 
the unbalanced forces and power-absorbing 
vibrations are greatly reduced. It is more 
important to lighten the connecting rod at 
the piston end than at the crankshaft end, be¬ 
cause the piston end of the connecting rod has 
a reciprocating motion while the big end bear¬ 
ing has a rotary motion. 


Connecting rods: It is also important that 
the four connecting rods be of equal weight 
and that the four pistons have the same 
weight, so that they will tend to balance each 
other and reduce vibration. 

The alignment of the connecting rod bear¬ 
ings is important. This can best be tested in 
special jigs which are part of the equipment 
of every branch of the Ford Motor Co. If 
one wishes to align these bearings, the piston 
pin can be placed in one end of the connect¬ 
ing rod, and a cylindrical pin, the size of the 



Alignment 

crank pin, placed in the other end of the con¬ 
necting rod, and two steel squares used to 
make sure that the two bearings are in per¬ 
fect alignment with each other, (fig. 1.) This 
only tests the alignment in one direction and 
to test them in the other plane, it will be nec¬ 
essary to use the same tools and a perfectly 
flat surface, so that the distances from the 
pins to the plane surface can be measured 
and made equal on each side, (see figs. 1 and 
11, page 646.) 

Crank shaft: It is important that the 
crankshaft be in good running balance, which 
is different from being in balance when at 
rest. It can be tested by revolving the 
crankshaft at different rates of speed, be¬ 
tween centers. The bearings of the crank¬ 
shaft are also important, and, after they have 
been scraped to a good fit, the engine should 
be driven by an outside source of power un¬ 
til the bearings fit perfectly. 

Flywheel: It hardly paya to reduce the weight 
of the flywheel, especially if the power of the engine 
is increased and a higher compression used, but 
the flywheel alignment can be tested by holding a 
steel pointer near it when the engine is running, 
for a wobbly flywheel involves e loss of power. 

Ignition: For ordinary road use, the Ford igni¬ 
tion system will furnish about all the sparks re¬ 
quired, but to obtain the very highest speeds, the 
more accurately timed sparks of the high tension 
magneto ere an advantage. If the Ford ignition 
system is used for high speed work, the mngnets 
and magneto coil assemblies should be of the latest 
type and the vibrators should be adjusted more 
tightly, so that there will be leu lag in the ignition. 
The spark can be advanced by bending the rod Areas 
the lower end of the steering column to the timer. 
It is also well to be sure that the timer is In good 
condition and that the spring holding the roller 
against the segments is strong and quick acting. 
It may be even an advantage to fasten an additional 
spring beside the one already in place. 

Lubrication: Adequate lubrication plnys an im¬ 
portant part in the maintenance of high engine 
speeds. A good quality of thin oil, which does not 
burn easily, should be used. Heavy oils exert a 
constant drag, and are not needed, if the engine is 
in good mechanical order. Oil holes can be drilled 
in the connecting rod bearings and larger oil groev u 
cut in the bearings. It is also well to lit e muek 
larger oil pipe and oil funnel. The oil pipe earn be 
drilled with holes opposite each connecting rod. ee 
as to supply e good oil bath. 


IBABT NO. 864—Increasing the Speed of a Ford —continued. 
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How To Save Gasoline. 

The Uln8trations point out where care should be 
exercised In order to prevent loss of power by de¬ 
creasing friction and waste. To gain power means 
a saving of gasoline. The illustrations show where 
if parts are kept in proper order, there will be 
a saving of power. Excess of power and loss of 
gasoline would come from poor driving, too much 
flooding carburetor, windshield constantly up, drag¬ 
ging brake bands, etc., see the three illustrations 
above, (see also page 802.) (Fordowner.) 

••Miscellaneous Useful Devices. 

K oor—The front door 

;ht door of strips of 
the hinges screwed 
jed up and down be¬ 
hind the metal 
door lock; the in¬ 
ner door spring 
catch fits nicely in 
the notch left by 
removing the cen¬ 
ter cross brace 
next the leather 
stop. Then a 
pocket made of 
canvas or leather 
in the lower por¬ 
tion of each door with a strap or two to keep the 
tools in place. Replace the door lining and put 
new strips of gimp, tacking with black headed 
tacks as it was before. (Motor World.) 

This is a device for compressing 
the Ford dutch spring. The end *f\ \ 

plates are Ford front wheel flanges, 
one being cut away, so that it 
may be inserted over the shaft, \ L 

behind the spring. Two bolts con- rE8B» 

sect the plates and by tightening .TT 
the nuts, the plates are drawn 
together, compressing the spring. MgL 

With this device, only one pair of 
hands needed to remove the pin. 


Motor speed per mile. The crank shaft of a Ford 
ear makes, 2,446 revolutions in one mile, and when 
running at a rate of twenty-two miles per hour it 
turns over 807 times every minute. 

Ford Magnet Remagnetfser. 

via fn\ & ** *■ not necessary to remove 

, //\\ it flrrtwd from engine when 

3 II \ Iv I & remagnetising Ford magneto mag- 

// \ UM n0ta w * th th > 8 device. Simply 

/ / remove transmission case cover 

JJ u, 80 that the ends of the magnets 

, M n ere available. Use a compass 

=s (see fig. 3, page 803) to deter- 

p"f §'* mine North pole of each magnet 

»& Jo and chaIk them, also chalk the 

AS South pole of the remagnetixer. 

n r JT L L^ Place the S pole of remagnetixer 

P-IHI »wttch | U| go it will be on the N pole of 

1__I the magnets. Turn the flywheel 

j[ over after remagnetising one 

--magnet and remagnetize each 

8v . t magnet separately. After re- 

Stormf* Battery magnetizing, check the polarity 

--- of all magnets with compass 

rio. « Dry o«ii* f again. The connections ' are 

shown in flg. 8. The storage 
battery can be either a 6 or 12 
volt battery. It is possible to 
use 6 or 8 dry cells if connected 
Zinc Carbon as per fig. 4. 

Magnets of all types of magnetos can be charged 
with this remagnetixer. When rem&gnetizing? mag¬ 
nets which are separated from the magneto, 1 it is 
well to place a “keeper” across the magnets until 
placed on the magneto. It is also advisable to 
rap the magnet a few times with u piece of wood 
while being remagnetized. See advertisement, page 
864-J. 

•••Larger Valves. 

Valves il made larger will permit slightly more 
gas to enter and will increase compression and 
power, but heating will also be increased, there¬ 
fore a circulating pump or larger radiator may be 
necessary. A valve lift of inch with a valve 
seat %2 Inch, measured across slanting face would 
be about right. 

Valves are now inch outlet and 1% inch di¬ 
ameter across widest part, but for racing, valves 
134 inch diameter outlet and H34e inch across 
widest part would be better. The valve ports can be 
enlarged to this size by reaming and grinding. 
Tungsten valves of 1% inch are sometimes used. 

Circulating Pumps 

Of unique and simple design are manufactured, 
by Giddings A Lewis. Fon du Lac, Wisconsin. 

Muffler and Cut-Out. 

The construction of the Ford muffler and method 
of attaching one type of cut-out is shown on page 
84. The outside diameter of exhaust pipe of a 
Ford is 134 inches, therefore a cut-out would be 
required which would fit over same, (see page 606.) 

••••Paints for Fords. 

No. FI 13—-Bine ground, first coat. 

No. FI 16—Body blue color varnish. 

No. F751—Body varnish, clear. 

No. F104—Black fender, quick dry. 


To repair a broken 
speedometer shaft cas¬ 
ing a sleeve is used as 
shown in illustration. 
A layer of tape is ap¬ 
plied first. 


SMALL BOLTS 


SPEEDOMETER SHAFT CASIN6 


Power From Rear 
Wheels. 

$ £ ■ A device for this pur- 
*4 v : ■« pose is shown in illus- 
-- tratioh. 


CHABT NO. 866—How To Save Gasoline. Miscellaneous Useful Devices. 

**8ee pages 730 to 745. ***See pages 791, 609, 814. ****See page 609. To repair a hole in a top—see page 847. # 
♦•♦Special racing camshafts, which will lift about V&” more than standard can be had of some of the Ford 
specialty houses. 
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Specifications* 

AM dimensions of parts are 
given on the illustrations* Os* 
parity of water in gallons, 
including tank at top of radia¬ 
tor. Gasoline tank in of 95 
gal. capacity. Hood, body and 
tank made of pressed steeL 
Weight of entire body 300 lbs. 


PTAI-H ft r H, 


Bo IN HIGH 


f4 rwvrtOi 


5 1M PEEP 


*Qi*t 


Bucket type racing 
seats for the roads¬ 
ter, or speedster. The 
shell is heavy gauge 
steel, attached and 
braeed to wooden 
aeat bottoms, and up¬ 
holstered with sub¬ 
stantial imitation lea¬ 
ther, known as mule 
skin. (Am. Auto Ac¬ 
cessories Co., 621 
Main St., Cincinnati. 
Ohio.) 


Price of special racing 

type radiator .$50 . oo 

Price of special racing 

hood . , .... 12 00 

Price of special racing 

body __* . 55.00 

Price of special racing 

gasoline tank ....... BOO 


IroTSi 

GA5ourtE TAhk 

** S*U.ONi 1IIH 

pj*r^f lav^mi 

il>,l 


ifiGd 

HOOD 
lacMuct SITCi 


Reducing Wind Resistance. 

One way of incre*asing the speed of the Ford car ia by reducing the wind resist¬ 
ance, by taking off the top, mudguards, and windshield. Also, by the use of special 

racing bodies, of which the body made by the Champion Racer Co., 1920 So. Wabash 
Ave., Chicago, Ill., is an example. 

The radiator is designed especially for racing and is high and narrow, thus re¬ 
ducing the wind resistance and improving the appearance. The radiating surface 
is of the patented bridge fin type and the construction is of copper throughout. 

^Miscellaneous Parts Manufacturers. 

Addresses of concerns who make a specialty of parts are as follows: Laurel 
Motors Corporation, Anderson, Ind.—cam shafts and valve in head cylinders (16 
valves). Geo. L. Dyer, Champaign, Ill.—sixteen-valve cylinder head; Henry Pugh, St. 
Louis, Mo.—special work for converting Fords into racers. A Li berg Bearing Oql. 
Chicago, Ill.—ball bearing thrust washers for rear axles. Aluminum Mfg. do., Dos 
Moines, la.; McQnay-Norria, St. Louis; Butler Mfg. Co., Indianapolis, Ind.—alumi¬ 
num pistons; G. H. Dyer Co., Cambridge, Mass.—pistons, reamers. Ford engine stands 
etc. Great Western Mfg. Co., La Porte, Ind. —wire wheels, (see also page 828.) 




IEABT NO. 366—Racing Bodies Reduce Wind Resistance and Weight. 

♦Note: This list was prepared sometime ago. 
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Combination Bodies For The Ford. 

A considerable amount of ingenuity has 
been expended by an English concern in 
designing, constructing and standardizing 
a convertible utility car, with the results 
as shown in the illustrations, which are 
from the Autocar, London. 

The Illustrations figs. 3 to 9, show how 
the body work In Its various forms is built 
up, and how the car is capable of being 
turned into many uses that will appeal 
especially to those who live in country 
districts and have to rely upon their own 
means of transport. The farmer, too, 
would doubtless find all types of body¬ 
work of use at various times, especially 
when there is a labor shortage. 

To refer to the illustrations, these are # 
almost self-explanatory, and although the' 
sketches show actually six cars in one, 
this number does not represent the maxi¬ 
mum of types which can be arranged. 

The detachable parts of the different bodies are shown in 
fig. 10. In certain cases individual pieces have more than 
one use. The seat backs used for the wagonette and the 
station omnibus also form a part of the sides of the closed 
van, and for the latter the same canopy and upright are used. 
Instead of the upper half door and rear panels of the station 
omnibus, the van has a back panel hinged at the top, two 
supports being provided to hold it open when required. 

The illustration, fig. 3, shows the chassis and the base fixed 
thereto, which forms the ground work of all the variations. 
The base (A) includes the seat for the driver and his com¬ 
panion. 

The various bodies which can be built up on this ground¬ 
work are as follows: Wagonette, closed van, station omni¬ 
bus, flat lorry or luggage cart, dray for live stock, such as 
sheep and pigs, hay and straw wagon for several kinds of 
bulky goods. 

The different types can be readily made from the detach¬ 
able components, and it is a matter of only a few moments 
to change over from any one style tQ another. The upright 
for the canopy top of the wagonette and station omnibus 
are used to support the rack of the hay and straw wagon, 
though when the last named is used an additional pair of 
supports can be fitted. The station omnibus body has double 
doors, for the base carries permanently a half door at the 
back of the well, and the upper half for the omnibus use is 
attached to the detachable panels; the half doors are bolted 
together in use so as to form a single unit. 

Fig. 4—The Flat Lorry made up of the Base A, the Float 
F, the Uprights and the Canopy C. 

Fig. 5—The Wagonette, consisting of the Base A and the 
Parts B and C. 

Fig. 6—The Live Stock Dray having lattice placed on A 
and float F. The back is a hinged panel for loading. 

Fig. 7—The Closed Van for perishable Goods made up of 
Parts B, 0 and D. 

Tig. 8—Hay and Straw Wagon made up of A and the 
Parts F and H with the Canopy uprights. 

Fig. 9—The Station Omnibus with glass sides consisting of 
A, B, C and E. 


ffSTAW.! * VO. 367—Combinations of Bodies as Applied to the Ford Chassis. 
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The flTe general types 
of Ford adapters, class¬ 
ified according to what 
parts of the Ford are 
retained in the converted 
vehicle, shown in ele¬ 
mentary side and per¬ 
spective sketches to in¬ 
dicate the changes made. 
The shaded portions in¬ 
dicate those parts whieh 
are added. Note that 
the Ford wheelbase is 
increased in all ftve 
classes except the sec¬ 
ond. 

In No. 1 the Ford 
rear axle and spring are 
retained. The wheel¬ 
base is increased by the 
introduction of a frame 
section either at some 
point near the center 
or at the extreme roar. 
An additional piece of 
driveshaft of the same 
length as the Increase 
in the Ford wheelbase is 
used to transmit the 
power to the rear axle. 

In No. 2 the addi¬ 
tional load capacity is 
taken care of through 
the use of steel wheels 
with housings carried on 
roller bearings inde¬ 
pendent of the Ford 
axle, which is used in¬ 
tact. Supplementary side 
springs attached to the 
body are employed. 


In No. 3 the Ford axle is used as a jackshaft for a chain-driven rear-end truck assembly in unit with a 
frame extension. 

In No. 4 the Ford axle is employed as a jackshaft for an internal-gear axle unit. 

In No. 6 the entire Ford rear end is replaced by a truck frame addition and axle which may be driven 
either by worm or internal gears. 


Commercial Applications of the Ford Chassis. 


The Ford is being rapidly adapted to a variety of 
commercial uses. In the illustrations, figures 1 to 
5, show the five general methods used to increase 
the load carrying capacity. 

Carrying capacity. The use of these rear axle at¬ 
tachments, shown in figs. 2 to 5, usually give a 
capacity of about a ton, ninety per cent of the 
load being carried on the heavy rear axle of the 
truck attachment. The gear ratio is generally 
about 6 or 7 to one, thus decreasing the speed, and 
increasing the power and hill climbing ability. A 
speed of 15 to 18 miles an hour can usually be ob¬ 
tained with a one-ton truck adapter. 

The method shown in fig. 1, which merely changes 
the length of the frame, and uses the standard Ford 
rear asHe system, is only suitable for those having 
light, but bulky loads to carry—such as, millinery. 

Overloading the engine. The engine will not be 
overloaded, when used to pull one of these one-ton 
trucks, because the gear ratio* is so lowered that it 
can cope with the added load successfully. How¬ 
ever, these trucks should be driven with reasonable 
care, and kept in good running order. The ra¬ 
diator should be kept well filled with water, the 
fan belt kept tight, and the carbon removed and 
the valves ground more frequently than is neces¬ 
sary with less arduous pleasure car use. 

Speed. If these truck attachments are not driven 
at a higher average speed than twelve or fifteen 
miles an hour, the life of the engine and the truck 
attachment will be greatly lengthened. 

••Trailers. 

Trailers are divided into two general classifica¬ 
tions. The two-wheeled, or cart type; and the four- 
wheeled, or wagon type. The two-wheeled type is of 
course much simpler and does not require any steer¬ 
ing gear, being simply attached to the rear by a ton¬ 
gue and flexible connection. The attachment is usually 
made to the center of the rear cross member of the 


chassis frame, where the spring is fastened—the 
spring clip bolts often being used to fasten the 
trailer connection. 

On level country roads, Ford cars are sometimes 
used to pull from three to five of the light, two¬ 
wheeled trailers. When much used for pulling trai¬ 
lers, it is advisable to change the bevel gear and 
pinion in the rear axle, so that a gear ratio of 
4 to 1 can be obtained. This lessens the strains on 
the engine, transmission, and other parts of the 
power plant. 

The capacity of the two-wheeled trailer, i* usu¬ 
ally about half a ton, although some are made of 
three-fourths ton capacity. 

The capacity of the four-wheeled type of trailer, 
is usually one ton or more. But a one-ton trailer is 
about as large as should be used in connection with 
a Ford car. 

Speed with trailer attached is but little below 
that of usual touring car speed. Twenty miles an 
hour is usual speed. 

Load distribution, on two-wheeled trailers should 
be divided evenly in front of and behind the axle. 
Otherwise, severe strains will be placed on the con¬ 
nection between the car and the trailer, and the 
car may have to carry part of the load. 

The coupling, or connection, between the car and 
trailer should be quickly detachable and provided 
with a cushion spring to absorb jerks ana shocks 
when starting ana stopping. 

There are many firms who supply fittings for 
converting Fords for commercial use. One is the 
Unity Motor Truck Oo. of Oleveland, Ohio { who 
manufacture fittings for converting a Ford into a 
1250 lbs. truck or delivery wagon. The claim is 
that conversion can be made in 2 hours without 
drilling any holes. 


CHART NO. 368—Converting the Ford for Commercial Use. 

(Motor Age.) *Usually 4 to 1, sometimes 6 or 7 to 1. **See also page 746. 
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Ford 10 gallon gasoline tank. Measurement of 
depth of gasoline in tank, (sea also page 801.) 


Ford main bearings, connecting- 
rod bearings or oversize pistons 
«**n be run or worn in by bolting 
the cylinder block to the drill-press 
table, with cylinder head removed 
and four % -inch pieces under the 
corners between head and table to 
give clearance to pistons. A fly¬ 
wheel of the bolted-on type is 
drilled to flt the flange of the 
Ford crankshaft and bolted on. 

The table is turned so that fly¬ 
wheel lines up with the drive pul¬ 
ley of drill press and is then 
belted up. An elevating screw is 
used to tighten the belt. 





Gasograph is 
a gauge placed 
on dash which 
indicates quan¬ 
tity of gasoline 
in main gaso¬ 
line tank. Adaptable for all cars 
using gravity or vacuum feed. 
Mf’z’d bv New Standard Adding 
Mach ine Co., 3701-X, Forest Park 
Blvd.. St. Louis. 


Wiring diagram of Splltdorf elec¬ 
tric system for Ford car. 


Bend on Dotted Lin es 


Fastened 

Here 


Visor Windshield Protector. 

Snow on the windshield glass is 
the bane of winter motoring, and it 
is hardly satisfactory to tilt the 
glass so as to gaxe between the 
windshield and the top, because too 
much snow and cold air rush in. 
But a cowl or visor can extend 
over the top glass of the wind¬ 
shield and will largely prevent the 
falling of snow on the glass. 

To be effective, such a visor 
must extend from 6 to 10 inches 
in front of the glass. The lower 
it can be dropped without inter¬ 
fering with the vision of the 
driver, the better it will keep the 
snow and rain off the glass. 

A straight piece of fibre or of 
thin sheet metal should have the 
corners bent at right angles, as 
shown by the dotted lines in the 
sketch. These side flaps keep the 
snow from blowing in at the sides 
and help to support the front edge 
of the visor. The rear of the visor 
should be fastened to the lower 
side of the front bow of the top, 
by means of a number of small, 
round head wood screws and 
washers. (Fordowner.) 

Dimming Headlights. 

See page 795. Ford engine 
stand, see adv. Continental Auto 
Parts Co. Cylinder reboring de¬ 
vice, see adv., So. Bend Lathe 
Works. 

Ford Specialties. 

Auto Parts Co., Providence, R. 
I., manufacture specialties for the 
Ford. Also Stevens Oo. ( 875 Broad¬ 
way, N. T. Hill-Smith Metal Goods 
do., Boston. G. H. l>yer, Cam¬ 
bridge, Mass. “Gemeo" Mfg. Go., 
Milwaukee. Wiscn. MeOodden Ma¬ 
chine Works, St. Cloud, Minn. See 
also pane 810. (Oversize pistons 
for Bulok, Overland, Studebaker 
cars can also be had of G. H. 
Dyer, Cambridge, Mass.) 


Firestone Demountable 
Rims and Wheels. 


The advantages of demountable 
rims are explained on page 551. 
Rims are for 30x8% tires all 
round which makes riding easy, 
longer life for tires and only one 
size tire and tube to bother with. 
The Firestone Tire and Rubber 
Co., Akron, Ohio, make this equip-, 
ment for Ford and Chevrolet cars. 
The outfit consists of 5 rims for 
80x8% tires, 4 applied to wood 
wheels and 1 spare; 24 hub bolts 
and socket wrench. Wheels are 
made of second growth hickory, 
well seasoned and are furnished 
varnished natural wood or paint¬ 
ed black. Price $20. per set 
f. o. b., Chicago. 



Priming Cups. 

A specially drilled bolt for the 
Ford cylinder head, by the use 
of which priming cups may be 
installed. Four of the capscrews 
holding the cylinder head to the 
cylinder are replaced by studs 
centrally drilled and carrying a 
priming cup on the upper end. 
The installation requires four %- 
in. holes through the inner wall 
of the cylinder head to permit 
the priming gasoline to pass from 
the central passage of the bolt 
to the firing chamber. Home 
Light Oo., 8853 Milwaukee Ave., 
Chicago. 

•Tires. 

Equal sized tires on Ford curs. 
Two Ford cars may be so changed 
that both can have three and 
one-half inoh tires all around 
without extra expense, except the 
excess of tire size. Remove the 
wheels without hubs from the 
front of one car and the rear of 
the other. Place thirty by three 
rims all around on one car, and 
thirty by three and one-half on 
the other. Put thirty-one by 
three and one-half tires on the 
ear with three inch rims, and 
thirty by three and one-half tires 
on the other car. This gives equal 
sized tires all around and extra 
size. 

Spokes and rims can be had 
complete from Ford Oo. ready to 
assemble to flt in hubs. 

Extra oversize tires; the 80x 
8 front rim on a Ford will take 
a 81x8% tire or a 82x4. 

The 80x8% rear rim will take 
a 81x4 or a 82x4% tire. The 
4 and 4% inch of course will 
flt tight and are not recommend¬ 
ed, but it can be put om by 
lapping the beads slightly. 


0HABT MO. 860—Desirable Accessorise for the Ford; by writing the manufacturers, interesting 
descriptive catalogues will be mailed yon if you mention where you saw the illustrations. 


The speed of an engine can be determined by counting the number of Impulses or movements one valve makes 
psr minute. Every two revolutions of crankshaft, valve will move once, therefore if valve moves 200 times per 
minute, crankshaft would turn 400 times. This is about the limit one can count. Above this a speed indicator, 
page 700 or tachometer, page 921, is necessary. The Ford magneto should generate 7 volts at 400 r. p. 
•See page 884-A for tires on Ford enclosed cars. 
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Miscellaneous Ford Accessories. 



taining nuts after axle has been placed in the axle stand (fig. 5). 


Pig. 3. Styled a jew speeder wrench; used in removing the flange 
nuts and bolts holding the two halves of the axle housing together. (Motor 
World.) 


Headlight control of a Ford, to keep the brilliancy or intensity of the 
lights equal at low or high engine speeds—see page 795. 

Oasograph gauge, see page 823. 

*The Deico-Light Plant. 


1 1 



A spindle bushing re¬ 
mover is shown to the 
left. The knurled end 
is inserted through either 
bushing and pulled 
through until the ex¬ 
pander slips over the in¬ 
side end of the bushing. 
Then by tapping on the 
knurled end of the tool 
with a hammer the bush¬ 
ing is readily removed. 
By reversing the tool the 
opposite bushing is read¬ 
ily removed. Made of 
carbon steel, spring 
hardened. (G. H. Dyer, 
Cambridge, Mass.) 


This subject is out of place here but will be shown, in order to give the reader an idea of the prin¬ 
ciple of construction of a modern farm lighting plant. The gasoline engine runs the dynamo and the dy¬ 
namo charges the battery, which source of electric supply is used for lighting, power, etc. Manufactured 
by Domestic Engineering Co., Dayton, Ohio. 

The mercury-cooled exhaust valve is used in some of the Delco farm lighting plant engines. With 
high duty internal combustion engines the exhaust valve is subjected to direct blasts of exhaust gases of 
about 1.800 deg. Fah. The only provision heretofore, for radiating the heat from valve head (H) and stem 
was through the valve guide, therefore the stem often became red hot—result, warping and loss of com¬ 
pression at valve seat. 

Principle: The effect of the mercury contained within the valve is of course to transmit the heat 
from the hottest part of the valve up to the portion of the valve stem, which is exposed to the atmosphere, 
and which has a series of aluminum radiating fins (F) connected therewith, to facilitate the cooling of the 
valve. 



STARTING AND 
STORING SWITCH. 


HIGH TEN51QnTEA0 


BRUSH 


NEW DEPARTURE 
BAIL BlARrND 


The mercury (M) under normal temperature is in liquid state and rests at bottom of valve stem—as 
heat is absorbed by valve stem and transmitted to the mercury, the mercury is vaporized and immediately 

rises until coming 


Oil HOLE 
EXHAUST VALVE 
LIGHT AND POW Eff WIRES 
PATTE R* W_ 
PUSH WD ADJUSTMENT 



C«L-LE 5 S BEAMING 


intake valve 


CYLINDER HEAD 


MIXING VALVE 


into contact with the 
cooler part of the 
valve stem, when it 
will undoubtedly con¬ 
dense and flow back 
to the bottom of the 
stem to again be 
vaporized and repeat 
the previous opera¬ 
tion. 


DRAFT TUBE 


bPARK PLUG 


CYLINDER 


FUEL TANK 
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Mercury cooled 
exhaust valve. 


CHART NO. 369A—Miscellaneous Ford Accessories. Delco-Light Plant. 

*The Delco plant is well suited for automobile storage battery charging and lighting of garages. 




































































FORD AND DODGE TRUCKS. 


Ford Truck. 

The Ford truck 1 b rated at 1-ton capacity and 
has pneumatic tires in front and tolida in rear; it 
has overhead worm drive. 



The chassis layout is very simple and reveals 
throughout how characteristics of Ford passenger 
ears. have been developed to meet truck require¬ 
ments. The change has been made principally in 
the rear part. 

*Ford Truck Features. 

Engine .8% by 4 

Cylinders . L-Head 

Gearset . Planetary 

Drive . Worm 

Front tires .80 by 8 

Hear .82 by 3 Solid 

Wheelbase . 123 

Load capacity .1 Ton 

Price, chassis .$600 

The distinctive features of the truck, aside from 
its use of the model T engine and the planetary 
gearset, are the overhead worm drive, use of solid 
tires in the rear and pneumatic tires in front, and 
its electric headlight equipment operated from the 
Ford magneto in the same way as it is now being 
furnished on the Ford passenger cars. 

The engine is a four-cylinder block unit, with 
8% x 4-in. L-head cylinders, with the valves on 
the right (same as in model T). 

The crankshaft operates on three bearings and 
the camshaft is driven by spur-gears. 

Cooling is by thermo-syphon with a fan behind the 
radiator, which is a tubular type. 

Ignition is by single low tension magneto incor¬ 
porated in the flywheel, and this same magneto op¬ 
erates two electric headlights. 

The tail and side lights are oil. 

The carburetor is a Holley instrument having a 
hot-air fitting which clamps over the exhaust mani¬ 
fold, giving a complete supply of heated air for 
cold weather evaporation. There is a dash carbure¬ 
tor adjustment controlling the needle valve. Lubri¬ 
cation is by gravity, with the oil carried to the 
front end of the engine and the timing gears by 
means of the flywheel, through the oil tube, after 
which it returns by gravity to the flywheel casing 
in the crankshaft. 

The clutch is a multiple disc in oil, delivering 
the drive to a two-speed planetary gearset in unit 
with the engine. From here the final drive is by 
means of a propeller shaft and overhead worm. 

The ratio In the worm gear is 7.25 to 1, giving 
a total gear ratio in low of 19.9 to 1, and a total 
ratio in reverse of 29 to 1. 

From the worm the drive transmission passes 
through the bevel gear differential and semi-floating 
rear axle to the rear wheels. 


The propulsion stresses are taken through radius 
rods which are fastened by means of pivot connec¬ 
tions at the outer ends of the rear axle and through 
the tube which surrounds the propeller shaft. The 
driving torque is taken through the torsion tube 
which surrounds the propeller shaft. 

The springs are the. same as those used in the 
Ford passenger car excepting that they are made 
heavier in the rear to withstand a great load. This 
is a transverse type having an arch in the center. 

The tire equipment is solid in the rear and pneu¬ 
matic in the front, in both cases the tires being 
of the single type. Those used in the rear are 82 
by 3 in. and those in the front are 80 by 3 in. 

The wheels are wood artillery type with oval 
spokes and the brakes are the same as in the Ford 
T passenger car with the service brakes on the 
1 transmission, and the hand brake on the rear wheels. 

The transmission drive-shaft brake is an external 
contracting type and the hand brake is an internal 
expanding on the rear wheels. 

The steering gear is mounted on the left and con¬ 
trol system is the standard Ford layout with three 
pedals and the brake lever. (Automobile A Auto¬ 
motive Industries.) 

Dodge Light Delivery. 

The specifications are similar to those of the 
standard passenger car, except that various parts 
have been strengthened. 

QliJCD - juca Contains 



. “Si 

J^hano starter 

3. 

>*ooDeui»Ks VF 


The gasoline tank is beneath the driver's seat, 
and the steering wheel has been set at a higher 
angle to give a greater loading space. 

Maximum load .1000 to 1500 lbs. 

Tires .83 x 4 

Loading space .72 x 43 in. 

Wheelbase.114 in. 

Clutch ...dry plate 

Gear ratio .4 to 1 

Body .steel 54 in. high 

Ford Engine In a Boat. 

Length of boat suggested 20 to 22 ft. by 5 ft. 
beam and 1 ft. draft, the latter being for the hull 
only. The over-all draft or water the boat draws 
is determined by the size of the propeller. If there 
are obstructions in the water where boat is to be 
used, then better fit some form of skeg or protec¬ 
tion below the propeller. 

In mounting the engine fit strong oak cross-mem¬ 
bers in the engine compartment and fasten it in 
place with lag screws using the same brackets fas¬ 
tened to the engine. Leave the transmission at¬ 
tached and mount the powerplant so it will be 
level when the boat is in the water and under way. 
Boats rise out of the water when traveling fast, so 
you must make allowance for this. The engine will 
oil better when on a level. Proper adjustment can 
be made with shims under it. 

The Illustration shows a cranking device so the 
engine can bo started from the seat. Arrange to 
drive a centrifugal or gear pump to force the cool¬ 
ing water around the jackets. Be careful 
not to get this pump too large, or the en¬ 
gine will be overcooled. Arrange to run 
some of the overflow water into the ex¬ 
haust pipe, a foot or more from the en- 
gine, which will help to muffle the noise. 
>l|[ It Is hard to give specific propeller 41- 

1 V menslons, but if built somewhat after the 
fn 1 design shown, one having a diameter of 

\U, 15 in., three blades and a pitch of 22 in. 

0 would be about right. (Motor Age.) 
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FORD SUPPLEMENT. 
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Ford Tractor 

is manufactured bj 

Henry Ford A Son. 
Dearborn, Michigan, 
From an engineering 
standpoint the 
Ford tractor dif¬ 
fers and posses¬ 
ses characteris¬ 
tics which dis¬ 
tinguish it from 
others. 

The crank case, 
gear box and 
axle housing 
serve also as the 
frame of the ma¬ 
chine. The weight 
is 2,500 lbs. 

Engine—4 cyl¬ 
inder, 4 in. bore 
by 5 in. stroke. 
L-head block 
type, having a 
displacement of 251.8 cu. in. Delivers 22 h. p. at 
1,000 r.p.m. This is with kerosene and at com¬ 
pression of 60 lbs. 

Valves have a clear diameter of 1% in- and a 
lift of in. 

Valve timing is as follows: Intake opens 10 
degrees after top center and closes 40 degrees after 
bottom center; exhaust opens 45 degrees before 

bottom and closes on top. 

Fuel is carried to an overhead kerosene tank hav¬ 
ing a capacity of 21% gallons. For starting, gaso¬ 
line is used, and a gasoline tank holding 1 quart. 

Cooling by thermo-syphon. Water carried in an 
11 gallon tank. A four blade fan is used. 

Ignition by fly wheel magneto. There are ten 
magnets clamped to fly wheel which rotate behind 
the stationary armature. 

Voltage of magneto varies with speed of engine 
from 6 to 14 volts. 14 volts at 1,000 r.p.m. 

A high tension coil is used. The timer and dis¬ 
tributor are driven by a vertical shaft through 
mitre gears from cam shaft. 

Oarburetlon is by a Holley vaporizer—chart 872. 

Oiling is constant level splash. Capacity of sys¬ 
tem is 2 Vi gallons. 

Drive from engine, through multiple disc clutch 
running in oil. There are 17 tempered steel discs 
in clutch with face of 1 Vie inch. 

The outside diameter of discs is 7 in. and are 
held in engagement by six 80-lb. springs, giving 
total pressure of 480 lbs. 


The dutchshaft or drlveshaft is supported by a pilot bearing at the rear end of the crankshaft and 
carries the constant mesh gear for the three-speed gearbox. This is on the upper shaft of the gearbox, 
and the lower shaft is direct-connected to the worm which provides the final drive. By means of the 
combination of the reductions in the gearbox and in the worm gear, which latter has a ratio of 17:5:1, 
the following total reductions are obtained: 


Gear Ratio Miles per hour at 1000 r.p.m. of crankshaft 

High .18.25-1 6.83 

Low ..85-1 1.34 

Reverse .48-1 2.60 

Plowing (intermediate) .46-1 2.70 


The worm gear is of undermounted type. It comprises a 60-deg., double-thread straight worm having 
a pitch of 1.2 in. At the rear end the worm shaft is supported in a duplex radial and thrust bearing. The 
worm is made of chrome vanadium steel and the worm wheel of aluminum bronco, which is composed of 10 
per cent aluminum and 90' per cent copper. 

The worm wheel is secured to the differential housing by twelve bolts. The differential, which is a four- 
pinion type, transmits the drive to the semi-floating axle. The driving wheels are mounted on the shaft by 
means of a slotted, tapered hub filling provided with a flange drilled for four heavy cap screws. The hub 
piece is splined at the axle connection, to render the transmission of the driving torque more secure. 



CHART NO. 371—Ford Tractor. 


verting a standard Ford 
model T chassis into a 
tractor. 


Steering is through a bevel gear 
sector and pinion, with a ball-end drop 
arm connecting through a large rod to 
the front axle cross arm. 

The driving wheels are 42 in. in di¬ 
ameter and are provided with suitable 
traction lugs on the rims. The beet 
shape of -lugs is one of the details 
which is engaging the attention of the 
engineers at present, a self-cleaning 
lug being the object aimed at. 

Road clearance is 11 inches. Low¬ 
est point being the fly wheel honsing. 

Crank case can he dropped while 
tractor is standing on its wheals, only 
part necessary to remove is the radius 
rod. Tractor' will turn in a radius 
of 21 feet. Transmission is three 
speed and reverse, gear type. 














































































HOLLEY VAPORIZER. 
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I 



sign are necessary for the use of kerosene. 
The compression can vary from 46 to 70 lb., 
according to the efficiency of the radiator. 
On the average engine A compression of about 
56 lb. is best for kerosene. 

Only One Float Chamber. 

On the particular type to be described there 
is but one float chamber, and this is for kero¬ 
sene. 

The gasoline for starting is admitted by 
means of a mixing valve or jet which is only 
in operation for a short time and which cor¬ 
responds very closely to the choke tube used 
on gasoline carburetors for starting purposes. 

The kerosene enters the float chambers at 
(22) and is controlled by means of an ordin- 
ary type of float mechanism. 

From the float chamber the kerosene passes 
through an orifice controlled by a needle valve 
(N) to the top of the jet, where it is atomized 
by approximately 10 per cent of the total air 
required for combustion. This action of ato¬ 
mizing is done by the ordinary type of spray 
nozzle, the air being induced by the suction 
of the engine. 


The Holley vaporizer puts kerosene into 
the proper vaporized condition by mixing it 
with the correct percentage of air to take 
care of the kerosene vapor after it has been 
formed, and by means of heat applied in a 
progressive degree converts this primary mix¬ 
ture of kerosene and air into a mixed vapor¬ 
ous condition. 

Heat Is Regulated. 

Probably the most notable point of depart¬ 
ure of this system as compared with others 
is the method of shunting the heat, which en¬ 
ables the efficient use of the different fuels 
under different temperatures. 

Another point which should be noted in the 
Holley system is the use of the thin-walled 
brass tubing for vaporizing the fuel. This 
is made as light as it is commercially possible 
to obtain it, and by means of the rapid flow 
of heat possible through and around this thin 
tubing it is possible to use one float chamber 
and to shift from gasoline to kerosene in 
from 15 to 30 sec. after starting. 

It has been the experience of the Holley 
company that slight alterations in engine de¬ 



The mixture of atomized fuel and air 
is then drawn through the vapor tube 
(A) situated in the heater chamber of 
the special exhaust manifold (B), where 
the fuel is vaporized in its passage 
through the coiled tube (TT). The re¬ 
latively rich mixture is heated progres¬ 
sively higher in temperature in its pas¬ 
sage through the vapor tube, and by 
applying the heat at progressive stages, 
deposits due to decomposition products are avoided. 



The temporature of the rich vapor can be regulated by means 
of the shunt valve (C) controlled by the lever (D), whereby 

—continued on chart 373. 


CHART HO. 372—-Holley Kerosene Vaporiser Used on Ford Tractor. 

*8ee page 881 for Kerosene difficulties and page 754 for other Kerosene Carburetors. 
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FOHD SUPPLEMENT. 


—Holley vaporiser continued, 
more or leas of the hot exhaust gases can be 
caused to come into direct contact with the 
vapor tube, thereby compensating for varia¬ 
tions in fuel or operating conditions, such as 
a cold, wet day and a dry, hot day. 

From the heater chamber the vapor tube 
issue© and is connected through the shifter 
valve (E) to the venturi tube situated in the 
mixer chamber (F). 

Cold Air Dilates Mixture. 

At the venturi tube the rich vapor is di¬ 
lated with the additional relatively cold air 
required to form a combustible mixture. In 
other words, this is the point where the action 
of the ordinary carburetor is paralleled quite 
closely, with the exception that instead of 
gasoline, and air being mixed, a relatively 
rich mixture of fuel plus IQ per cent of the 
necessary air is admitted in place of the fuel 
alone, and in addition the other 90 per cent 
of the air required is supplied. The addi¬ 
tional air required is admitted through a spe¬ 
cial form of air valve which governs the air 
admitted in accordance with the throttle 
position and requirements of the engine. 

After the mixture of rich vapor and cold 
air has taken place the combined mixture 
passes the throttle into the inlet manifold 
and thus enters the engine. 

The shifter valve (E) performs a double 
function. In one position it serves for start¬ 
ing purposes using gasoline as fuel, at the 
same time closing off communication between 
the vapor tube and the mixer chamber. It 
is to all intentions a simple two-way valve 
which, in one position, allows the suction of 
the engine to fall on the starting generator 
in communication with the gasoline reserve 
tank, and in the other position is in com¬ 
munication with the coil vaporizng tube 
above described. 

The gasoline 'for starting Is supplied from 
a small auxiliary tank connected with the con¬ 
nection (O) on the shifter valve housing, 

passing through the valve into the venturi 
tube, where it meets the air induced by the 
suction of the engine in its passage into the 
intake manifold. The regular running posi¬ 
tion is, of course, provided when the shifter 
valve is turned to allow direct communi¬ 
cation with the coil vapor tube. 

Air Washer. 

In England, where this carburetor Is In use 
to a great extent an air washer Is employed 
In connection with the vaporizer. It is a sep¬ 
arate and distinct device. The scope of this 
air washer is to remove any deleterious mat¬ 
ter in suspension, such as dust, which is inimi¬ 
cal to the engine, from the air to be mixed 
with the fuel and passed to the combustion 
chamber. But cars employed in ordinary 
service, where dust is not generally encoun¬ 
tered, at least not in material quantities, need 
not be fitted with this auxiliary. 

The air washer consist of a tank (J) fig. 5 
carrying a quantity of water through which 
the air destined for admixture with the fuel 
is forced. 

The air enters through a tube (D) attached 


to a float (H), the lower end of the tube be¬ 
ing immersed about % in. This depth ia 
maintained by the float, above which is set 
a number of baffles (FG) to prevent large 
drops of water passing with the cleaned air 
from the scrubber. Owing to the cap (C) 
fragments of dirt are unable to enter the 
tube, while this cap furthermore acts as an. air 
cut-off valve when the water has fallen low, 
automatically stopping the engine and warn¬ 
ing the driver that the tank (J) requires a 
fresh water charge. If this cannot be given 
at the moment, the water filler (I) may be 
used mn an emergency air inlet. Further pro- | 
tection to the upper end of the float tube is > 
assured by the housing (L), so that all air is 
compelled to pass between this housing and 
the upper tank at low velocity. 



Experience has proved that this wet method 
of cleaning the air Is preferable to all others, 

because it brings about the complete removal 
of all dust associated with the air, requires 
very little power for its operation, is of com¬ 
paratively 9mall dimensions, and imparts a 
slight increase of power delivered by the en¬ 
gine when an exhaust-heated carburetion sys¬ 
tem is employed. 

Water consumption naturally varies ob¬ 
viously, being high when low humidity com¬ 
bined with a high-air temperature conditions 
obtain, and vice versa. 

So far as the trials have been carried, it 
would seem as if the water consumption ranges 
from 1-10 lb. to 1-20 lb. per horse-power per 
hour—in the case of a 20 h.p. machine from 1 
lb. to 2 lb. per hour—with humidity ranging 
from 25 to 75 per cent and an air temperature 
of 80 degrees Fahr. 

Since no water leaves the washer in the 
form of drops, but only in the form of satura¬ 
tion of the air, this water consumption can¬ 
not be reduced by mechanical agency. It may 
be pointed out that the air leaving the washer 
is not completely saturated. 

The washer is applicable to any carburetor, 
whether exhaust heated or otherwise. In the 
latter instance no adjustment is required. 
Test has shown that with gasoline no differ¬ 
ence to engine power output is noticeable by 
the introduction of the'washer, it merely over¬ 
comes all risk of dust entering the cylinder. 


/HABT NO. 873—Holley Kerosene Vaporizer—continued. Air Washer. 

Another popular Air Washer is manufactured by The Wilcox-Bennett Co., Minneapolis, Minn. 
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INSTRUCTION No. 49-A. 

ADDENDA: Additional matter on Tractors, Tractor Engines, 
Truck Engines and Repairs. Truck and Tractor Engine 
Ignition. Governors. Motorcycles. Repairing Tops. 

Tractor Drive Methods. 


This subject was dealt with on page 762. 
Under this head, additional information will 
be given on it. 

For a tractor to travel over all kinds of 

roads it is necessary that it lay its own 

-track or road 

f \ in many in¬ 

i' ) stances.There- 

_ V y fore some 

Fig- 1 Ch»n tread means of pre- 

_ 9 seating a 

/ X ““ \ large surface 

[ o-J -psr - ^ L-o } to the ground 

V ynXo ) ■ u V\ J on which the 
w ■ X .. Z —weight may 
Fig 2 Rail track. be supported, 

to pre vent 
sinking into 
soft soil, 
must be pro¬ 
vided. There 
are several 
methods em- 
Fig. 3 sambrwl-track ployed, the 


Fig 2 Rail track. 



Fig. 3 Sami-roll-track 


most common being the flat wheel tread, 
chain tread and rail track tread. 

The flat wheel tread is the type shown on 
page 826 as used on the Ford and “Twin 
City , 99 page 830, and other light tractors. 
On some tractor wheels the projecting treads 
are detachable and can be removed and deep 
or shallow treads applied according to the 
condition of the soil. 

The chain tread is furnished by stretching 
a movable chain of various constructions 
over and around two wheels, which has the 
effect of presenting considerable flat sur¬ 
face to the ground between the two points 
of support. The tread is 
made to move or crawl 
by driving the sprocket truck c 

support wheels which 
have cogged teeth to 
engage cogged teeth on 
the inner face of the 
chain—see fig. 1. 

The above would be 
termed the chain t^ad, 
because the weight of 
the tractor is supported 
on the wheels with di¬ 
rect ground contact with 
the chain tread and 
minus the rail track. 

The rail track tread * 

is represented by the Flg - 4 ‘ 

Cateroillar and Aleve. The track-laying por 
Gaierpmar ana uieve- mit8 tho drive pulli 

land, Which differs the around. Weight 


widely in principle to that of the “flat 
wheel tread 1 ’ and differs from the chain 
tread in that a * * rail track ’ y is provided. 

The point aimed at by the designers is to 
secure not merely that the entire weight of 
the machine shall be evenly supported on 
the large surface of the chains, but that 
there shall be no arching of the chains, 
and that the wheels which do the driving 
shall carry little or no weight, whilst the 
wheels which carry the weight not only do 
no driving at all, but run on rails and are 
not affected by the pull of the chain, and 
this result is secured in the following manner: 

The weight of the tractor is supported on 
two axles or trucks, which carry, the one 
the driving or track sprocket wheel and the 
other an idle wheel of similar size, and the 
axles also support a beam or connecting bar 
beneath which are mounted a series of 
smaller idle or truck track wheels with 
smooth faces, formed to run on the rails or 
track. 

The weight of the machine is carried on 
wheels which run on rails or track. 

The chain Itself, it will be noted, (see fig. 
4), is driven by the traek sprocket which is 
driven by the engine through a counter¬ 
shaft and gear transmission. As the chain 
tread (also called track link shoes), are 
made to revolve over the drive sprocket 
and track idler, then it will be noted, the 
tractor is really running on rails or a track, 
which are being laid down for the track 
wheels to revolve upon. 

Although there are numerous methods of 
design employed for the construction of this 
chain or outer shoe, as it is termed, the 
principle is very much the same. The dif¬ 
ference however, between the “chain tread” 
and the “rail track* ’ tread is made quite 
clear in the illustrations fig. 1 and fie. 2. 

9*CR TRACK TRUCK SPBHO 



Ont OP THE PIVOT PROMT TRUCK 

TRUCK TRACK 'WHEUS &HKFT PRAM, 

Pig. 4. 

The track-laying portion of a Holt caterpillar. The rear sprocket trans¬ 
mits tho drive pulling on the portion of chain which is lying flat on 
the ground. Weight of tractor is carried by the 5 truck track wheels. 


*8ee also pages 752 and 753. 





ISO 


TRACTORS, 


The Cleveland Light 
Tractor. 

DrlT«t ‘ 'rail-track, ’ ’ para 
329. Also termed the "craw¬ 
ler* ’ principle of drive. See 
page 831 for description. Note 
pulley in front for belt power 
use. Alto note driving sprocket 
Is in the rear. 

The Caterpillar 120 
H. P. Military 
Type Tractor. 

Drive, typical "rail-track," 
see page 829, fig. 4. Drive 
sprocket is driven by chains 
from a countershaft which is 
driven by a gear transmission 
and clutch. Engine, six cylin¬ 
der; vacuum fuel feed (V) 
method employed as explained 
on page 165; gasoline or kero¬ 
sene is used—fuel tank is (T). 
A mechanical oiler (O), similar 
to system explained on page 
195 is employed. Ignition by 
K. W. magneto (J). A throt¬ 
tling type governor for con¬ 
trolling speed of engine through, 
carburetor is employed. In fact 
the principle of operation of 
engine is similar to an auto¬ 
mobile engine. Access to crank 
case is through hand hole plates 
(L). Steering by wheel (S) 
which operates wheel (W). 
Radiator (R). Spark and 
throttle control (0). 





Tractor Transmission—"Twin City-16" as an Example. 


R —is a band brake around drum which contains 
the differential gears. Belt power is obtained by a 
shaft (not shown) above and forward, driven from 
gear (N). 

Olutch is the contracting band type which fits 
over projecting rim (C) on fly wheel page 832. 
It is operated from seat by shifting clutcm yoke 
(X) above. For high speed, (2% m.p.h.), the 
power is transmitted through gear (A), then (B) 
through sliding gear (D) to (F), thence to bull pin¬ 


ions on end of shafts (W), which drives the inter¬ 
nal gear in tho wheels. For low speed (2 m.pk.), 
sliding pinion (0) meshes with (E). For revere® 
(2% m.p.h.), power is delivered from (D) to (F) 
through a floating pinion mounted in the upper half 
of the transmission (not shown). The floating pin¬ 
ion is also a sliding pinion, so that when in neutral 
position it is slid out of mesh with gear (F), bet 
continues to run idle with pinion (D) when in nee- 
tral (as shown in position (D) is now). 


3HABT NO. 374 —Example of Modem Light Tractors for General Tractor and Belt Use: 
Cleveland and Twin City "16." The Caterpillar Tractor. 


also pages 752 and 753. 


The 
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The Transmission of Power 


i» usually from engine to clutch, thence to 
a gear transmission, thence to a counter¬ 
shaft, from which the drive sprocket is 
driven by a chain. On wheel driven types 
there is often an internal gear drive in the 
wheel. 

On several new machines a regular truck 
gearset is employed with three ratios, this 
being coupled to a jackshaft incorporating 
a constant large reduction through a pair 
of spur gears. More than one machine is 
using a worm gear ahead of the last spur 
train, so that the worm speed is the same as 
that of«the crankshaft on high gear. There 
are usually, 2 or 3 speeds plus a reversing 
gear which allows the different ratios to be 
used ahead or astern. 


Clutches—many are still using the old 
style expanding or band clutch. The cone 
or disk clutch is coming in favor. 

A dutch lever for throwing out the clutch 
is used more than clutch pedal, however, 
many are now adding the clutch foot pedal. 

Tractor Engines. 

Is similar in many respects to an auto¬ 
mobile engine. The same principle of ig¬ 
nition, timing gears, valves etc. are used. 
The engine is built much heavier however 
and runs slower—therefore greater heat is 
generated and more cooling surface is nec¬ 
essary. 

Tractor Engine Ignition. . 

See page 832. 


Kerosene Difficulties. 


Kerosene is being used to a great extent, 
but gasoline is generally used to start on. 
Very few tractors operate on kerosene alone 
with any degree of satisfaction. 

Kerosene needs more than a heated car¬ 
buretor—the mixture itself must be heated 
to prevent condensation in the manifold, as 
explained on pages 157, 155 and 160. Also 
see the Holley, page 827. 

Where kerosene is used, on account of this 
condensation, one manufacturer clearly 
states in his instructions: “If kerosene is 
used; it will be absolutely necessary that oil 
in the crank case of the engine be changed 
after every 20 hours running .’* This is due 


to the fact that the kerosene condenses if 
not properly heated, and mixes with the 
lubricating oil and thins it down to such an 
extent it loses its lubricating qualities. 

Experiments conducted by the Holley company 
bear out the fact that once the kerosene has been 
thoroughly vaporized (heated) and mixed with a 
sufficient quantity of air to take the vapor by 
means of heat applied in the proper manner, it 
is possible to carry the charge several feet with¬ 
out experiencing condensation. 

When engine smokes excessively, from 
the exhaust and smoke is black, then this 
indicates that the fuel is not being properly 
combusted, either by feeding too great m 
quantity at carburetor or not being properly 
vaporized. 


Tractor Steering. 


When the three wheel Is used—the third 
wheel is operated for steering. 

Where four wheels are used as on the 
Cleveland, for example; then the steering 
gear arrangement is as follows; a train of 
gears are operated by the steering wheel, and 
these in turn apply a brake to one side or 
the other of the axle. This slows up the 
crawler belt of one side of the machine, al¬ 
lowing the other to go ahead at a speed 


ratio corresponding to the resistance placed 
upon the opposite member by the brake pres¬ 
sure. When the brake is applied altogether 
so that one belt or chain crawler is stopped, 
the reduction is 1% to %, or, in other words, 
3 to 1, through the differential gears. The ac¬ 
tual drive connection between the rear axle 
and the crawler wheel is by an internal 
gear. The emergency brake is applied 
against a band mounted on the outside of 
the differential drum. 


The Cleveland Tractor. 


It weighs 2750 lb. and is characterised by its 
■mall size, being but 52 in. long by 50 wide. It 
is rated at 12 hp. at the drawbar and 20 hp. at 
the pulley, and with its crawler or creeping type 
of tread, 600 sq. in. of traction surface are pro¬ 
vided. The overall length of the tractor is 96 in. 

As may be seen from the illustrations the 
power plant is set well back toward the center of 
the crawler drive; thus the traction surface car¬ 
ries the weight well toward its center so that a 
maximum tractive effort can be secured. The 
radiator, which is at the front of the tractor, is 
the only part projecting forward of the driving 
wheels, and at the rear the driver is seated 
■lightly behind the rear axle. 

The frame of the tractor is made up of two 
side bars mounted on trunnions at the rear axle, 
and the crank case transmission and rear axle 
housings also have their value as structural 
supports. The effect of three-point suspension 
is secured by having the rear connections of the 
side bars mounted on trunnions, and in front 
these are connected with the cross spring by 
shackles. This gives a flexible drive which al¬ 
lows the tractor to work at advantage on unequal 
stretches of ground. 


The engine is a Buda model R, 8% by 5%. 
The characteristics of this engine are such that 
with the gear ratio used on the tractor an efficient 
working speed is obtained at 8% m.p.h., with a 
maximum working speed of 4 m.p.h. The revo¬ 
lutions per minute of the engine are 1450 at 4 
m.p.h. and 1272 at 8% m.p.h. 

From the engine the drive Is transmitted through 
a *Borg & Beck dry-plate clutch to a transmission 
unit developed by the Cleveland Tractor Co. pro¬ 
vided with one speed forward and one reverse. 
The reduction is 25 to 1 in either case. From this* 
unit the drive is transmitted through bevel gears 
to the axle, which transmits the torque to the 
crawler mechanism. The belt pulley is 8 in. in 
diameter and has a 6 in. face. The width of the 
track is 6 in. and the length, 50 in., giving 800 
sq. in. of traction surface on each side of the 
machine. 

The carburetor is a Kingston fitted with a Ben¬ 
nett air washer, the magneto an Eisemann, and the 
radiator a built-up cellular type. The gasoline 
tank is mounted just behind the engine and for¬ 
ward of the steering wheel, the latter being 
mounted upon a vertical steering post with the 
driver seated on a support mounted at the end 
»f a flat steel bracket which acts as a spring. 


♦See page 42, 688, 842. 
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TRACTOR ENGINES. 



Valve, exhaust and inlet side: 0—clutch member on fly wheel (F); 
K—valve covers; H—carburetor; I—inlet manifold around one branch 
of exhaust manifold which heats mixture; J-E—exhaust manifold; O— 
governor—the lever operates butterfly valve in carburetor; L—fan belt. 



Magneto and lubricating side: M—magneto, K. W, high tension; 
8—shaft driving magneto, which is driven by gear in gear case (H); 
O—force feed lubricator driven by belt (B) —see page 195 for the “me¬ 
chanical type;’’ P—water pump; R—breather pipe; Y—hand hole plates 
to reach bearings, and through which pistons and connecting rods can 
be removed; G—governor, “fly hall” or “centrifugal” type. 


The Twin City “16" 
Tractor Engine. 

Oarburetion; gasoline to start 
on and kerosene, alcohol, distil* 
lates of 42° Baume or higher, 
and flash point of mot over 120* 
F. Fuel tanks; kerosene 83 gal¬ 
lon; gasoline 8 gal. A Stew¬ 
art vacuum system is used, see 
page 165. Cylinders; 4, L-type, 
5" base x7H* stroke. 8peed 
of engine, 650 to 750 r.p.m.; 
Valves, on the side; Ignition, 
K. W., model TK, enclosed type. 

Tractor Ignition. 

Other K. W. magnetos which 
are used on large tractor en¬ 
gines are models as follows: 

Model H—(4 magnets) ; for 
engines having normal speed 
greater than 300 v.p.m., and 
which have provision for start¬ 
ing or can be cranked at a fair 
speed by hand. 

Model HK—(4 magnets) ; for 
use on engines the same as 
model H, but has the impulse 
starter for hot starting spark. 

Model HT—(5 magnets) ; for 
use on engines having normal 
speed of less than 300 r.p.m.. 
and which have provision for 
starting with air, etc., and will 
furnish a hot spark as low as 
30 r.p.m. and will fire any sort 
of fuel: 

Model HTK—(5 magnets) ; 
for use on engines the same as 
model HT. but impulse starter 
allows engine to be started by 
hand if air supply is lost, or 
for use on large engines which 
previously had to be started 
with battery ignition. 




Fig. 10. The K. W. impulse 
starter is located between mag¬ 
neto drive and armature. When 
engine is cranked, the arma¬ 
ture is held stationary, while 
energy is being stored in com¬ 
pression spring—which is then 
tripped. 


K. W. Impulse Starter. 

This attachment allows the engine to be started regardless of crank¬ 
ing speed, as the rotor of magneto (inductor type) is held stationary 
while the coupling is moving 80 degrees, then is tripped snd thrown 
ahead at the rate of 500 r.p.m., assuring a very hot spark for starting. 
When engine comes up to speed, the starting device is automatically 
thrown out of action, and simply revolves with shaft. The magneto is 
driven at a fixed speed. 

To time a K. W. high tension magneto—see pages 288 and 296. To 
time with impulse starter: (1)—place piston 8 to 5° past top center on 
power stroke: (2)—mount and connect magneto so that the tripping 
mechanism will not trip the impulse starting device until engine is from 
3° to 5° past dead center on firing stroke. 

In starting engine up, place circuit breaker in retarded position and 
press finger down on trigger (ST-14), which releases hook dog (ST-13), 
so that when ratchet notch on magneto comes around in the right posi¬ 
tion the hook dog (ST-13) will engage in the ratchet notch, holding 
magneto back from rotating about 80°, or until engine is from 3* to i* 
past top firing center, in which position, if the magneto is properly placed 
on the engine, the knock-off cams (ST-11) will disengage hook dog 
(ST-13), thus allowing magneto to jump suddenly forward at a high 
rate of speed, cresting a hot spark in the cylinder under compression., 
thus firing the engine, no matter how slowly the fly-wheel is tamed over. 

If these instructions are not clear, then put the ratchet catch (ST-13) 
out of engagement and time magneto as shown on pages 288 and 296. 
Cams, see page 298, fig. 9. See also pages 256, 264, 928. 


IHABT NO. 375—Example of a Modem Tractor Engine. Tractor Engine Ignition—the K. W. 

lie modern tractor engine differs from the automobile engine; in that it is of heavier construction, long streka 
lower speed governor which throttles the carburetor. Will operate on kerosene or gasoline. With these exeep- 
ions the principle is the same. See also page 833, the Waukesha, an engine used on light tractors. 






















TRUCK AND LIGHT TRACTOR ENGINE, 


8 



CHART NO. 876—Example of Truck and Light Tractor Engine; The Waukesha. The Waukesha 
is used on the Gramm, Buford, Chase, Acascn and many other makes of Trucks and a number of 
light Tractors. 
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ADDENDA. 




How to Put Oil 
in Engine. 

He mo to breather 
esp (A—flg. B). 
Pour oil into 
breather until 
needle float in 
gauge (B) comes 
up to within % 
inch of top of 
glass. 

Remove crank 
cate band bole 
plate (fig. 6, 
page SSfl) and 
AH each trough 
under connecting 
rods. 

Use a thinner 
oil Ln winter and 
a heavier one in 
Bummer. 

C—flg. 2, are 
water drains for 
cleaning sediment 
or ruat from 
water jacket and 
circulating water 
pump, aleo for 
draining In win¬ 
ter to prevent 
freezing. 

Fig. 3—-Right aide of Waukesha truck engine —note magneto (also see page 
285—type used on this engine. Also eee page 312 for setting the magneto). Cir¬ 
culating pump and magneto are driven from gear (0) fig. S, page 335, also set 
page 312. 

Engine Oiling System Inspection. 

Drain oil—remove oil pan so you can inspect thoroughly. When system is running prop¬ 
erly a stream of oil is constantly forced through holes A, B f C and D, fig 4. Inspect each 

oil hole carefully and see that they are not clogged or partially clogged up. A piece of waste 
or dirt may have worked into one of the holes preventing the entire flow of oil. 

To test oil flow; with some oil in oil pan, turn oil pump shaft with a pair of pliers as 
shown. If the oil discharges through all of the holes then the pump and oil line are o. k. 

Clean the screen (8), fig. 4. In fact this should be cleaned often with gasoline, say every 
3 months if engine is run regularly every day. When removing for cleaning, be sure to re* 
tain supporting spring inside and make sure of an oil-tight joint being established between 
oil pump screen flange gasket and crank case (see fig. 7, page 836). 

The oil pump is located at the lower left side of engine, when in rear of it—see fig. 7, page 
836 and fig. 2, page 833. It is driven by cam shaft, see fig. 2, page 833. 

Above is oiling system of the models L-M-P-N-R-S-O; 8U4B, RU4R, LU4, MU4 and PU4 
Waukesha engine. 

Kinds of Oil To Use. 


Pleasure car; thin. Truck; thicker. Tractor (gasoline); heavy. Tractor (kerosene); 
When kerosene is used clesn oil pan often and put in fresh oil—see page 831. 


heaviest. 


Fig. 4—Oil pan removed. 


CHART NO. 377—Caring For and Repairing a Truck and Light Tractor Engine.—Wankesha 
i an Example. 









TRUCK AND LIGHT TRACTOR ENGINE. 


To Get At The Gears. 

Take off front gear coyer carefully. See that no bolts or nuts are mislaid er lost. Also 
be careful, in taking off the ball-race on the governor, to see that none of the bearings drop 
out. Do not put the front gear cover on again until you are absolutely sure every one of the 
ball bearings is in place, and that the paper gasket is in good condition to prevent oil leaks. 


Be sure to mark the gears. It is very important that the gears be kept in exactly the 



same position as when you received the engine. Mark each gear as shown in fig. 5—that is, 

mark the center gear A-B-C as 
shown, then mark the same 
letter on the gear that con¬ 
nects at the particular point. 
In putting the gears on again 
see that the 
connections are 
A-A, B-B, C-C, 
just as marked. 
In marking the 
gears put the 
letter on the 
cog of one 
gear and on the 
correspond i n g 
fepace where 
this tooth 
meshes on the 
connecting gear 


Fig. 5—Showing bow the gears are arranged. 0—drives the magneto and circu- J U8 ^ a8 8lldwn 

tiling pump; next gear to it is idler gear, placed between the small crankshaft gear B in fig. 5A. 

sod 0; the gear on which governor is attached is the gear which drives the cam shaft 
and oil pump and is driven by the idler gear also. Therefore cam shaft gear revolves 
4 the speed of crank shaft gear. 


Operation of Waukesha Governor. 


Two circular weights back in the case behind gear “O” fig. 6, are held by—and swivel 
about—the two pins marked “K.” These weights fly out at speed; moving part “ A 99 out¬ 
ward. This action presses the ball bearing thrust contained in retainer “B” outward in pro¬ 
portion. 

The lever swivels on fulcrum “ C .** The movement of causes a movement of 


rod fi R 7r in direction indicated by arrow. The movement of rod 
which is of the butterfly type and swivels on shaft “8.” 


v ' 



“R” closes valve “H” 

The adjustment for 
speed is made by turn¬ 
ing screw “L.” Turn¬ 
ing “L" in direction 
indicated by arrow 
causes engine to speed 
up, while turning “L” 
in opposite direction 
causes engine to slow 
down. 

The governor is locked 
by locking nut “G.” It 
is further possible to 
lock and seal the whole 
arrangement by passing 
a seal wire through 
hole in spring housing, 
and through hole in nut 
“Q.” 

“F M is a spring, the 
tension of which gov¬ 
erns speed of engine. 
The governor is the 
throttling type and con¬ 
trols the amount of gas 
to cylinder—therefore it 
would be termed a throt¬ 
tling type of governor 
of the centrifugal type 
—but by weights in¬ 
stead of balls. 


Tig. 6—Front view of engine with gear case cover removed showing 
gears and governor action. The large idler gear between the two small 
gears drives the large cam gear and magneto and circulating pump gear. 


CHABT NO. 378—Waukesha Truck and Light Tractor Engine—continued. 
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ADDENDA. 


*How to Time the Valves. 


All Waukesha engines have cylinders numbered 1-2-3-4 starting at gear end and reading 
toward flywheel end. 



Timing By Ply Wheel Marks. 

As a rule the fly wheels are marked as to when the valves should open. The following 
method is applied in case the flywheel and the timing gears are not marked. 

First—Turn the engine over 
until No. 1 piston is on upper 
dead center —fig. 8. In order 
to determine when piston is at 
upper dead center, remove cyl¬ 
inder head plug and insert a 
steel rule (R) fig. 7, or any 
marked stick. Rotate the 
crankshaft and watch while 
the rule (R) 
comes up. When 
it ceases to rise 
then the piston 
will be at up¬ 
per dead center. 

Draw two lines 
across the back 
side of the fly¬ 
wheel (fig. 8); 
next measure off 
53 degrees on 
, each side of the 
; center line at 
| the lower half of 
the flywheel 


Second—On the illustration fig. 7, note the pointer (A) (also called a trammel, see also 
page 105). This pointer points to the exact top center of the flywheel. The arrow on dead 
center line, fig. 8, shows where pointer (A) points, looking at the back side of the flywheel. 
Turn the engine over slowly until the arrow (A) points directly on line No. 3 as indicated in 
fig. 8. 

Third —Remove the idler gear (A-B-C, page 835). See that the push rod (J, fig. 7) is in its 
lowest possible position. Place a thin piece of paper between the push rod (J) and the valve 
stem (X, fig. 7). Turn the cam shaft gear (see fig. 6), slowly towards the right until 

the paper which is placed between the push rod (J) and the valve stem (X) is held tightly. 
Be sure that the valve stem (X) has not raised any. Also be sure that the cam shaft gear 
retains its position and that the piece of paper is still held tightly between the push rod and 
valve stem. 


Fourth—Place wooden wedge between the cam shaft gear and the case to keep this set¬ 
ting. This will give you the free use of both hands to replace the idler gear. Replace the 
idler gear. 

Fifth—Give the engine a slight turn (say about one-half inch on the flywheel); now see if 
the exhaust valve (X) has raised any. It should, if the above instructions have been care¬ 
fully carried out. You can now replace the gear case cover and the cylinder head plug. 


^Timing by Position of Piston. 

If It Is impossible to get at the flywheel, remove the cylinder head ping, insert a ruler as shown in flg. 7. 
When the upper dead center has been determined, measure the distance from the top of the piston to the top 

of the cylinder. For example, let us say it ia 2 inches 
(see arrow marked D, flg. 7). 

Now slowly turn the engine over until the distance 
from the top of the piston to the top of the cylinder meas¬ 
ures 7% inches. This means that the piston has made a 
drop of 5% inches, at which place the exhaust valve (X) 
should just start to open. In order to set the valve and 
complete the timing refer to paragraphs, third, fourth and 
fifth above. 

This setting pertains only to models L-LU4, M-MU4 
and P-PU4. 

For models 0-0U40U4R, S-SU4-8U4R, R-RU4-RU4R, 
N-NU4-NU4R the piston should drop 4% inches from up¬ 
per dead center, that is the exhaust valve should open 50 
degrees before the piston reaches the bottom dead center 
after the explosion has taken place. 

For models T and TU4, B and BU4 the piston should 
drop 4.644 or 4 Hie inches from upper dead center; or, the 
exhaust valve should open 45 degrees before the piston 
reaches the bottom dead center after the explosion has 
taken place. 

In all events In resetting the valves, the magneto win 
have to be retimed; for this operation see page 312. 



3HART NO. 370—Timing The Valves —Waukesha continued. 
See page 812 for timing the ignition or setting magneto. 




REPAIRING TRUCK AND LIGHT TRACTOR ENGINE. 


837 



Fig. 10—Peeling off a lam¬ 
inated shim, per page 641. 

How to Adjust Loose Connecting Bods and Main Bearings 
of Waukesha Engine. 


Connecting rods and main bearings may be 
adjusted without taking the engine out of the 
chassis. However, this does not hold true 
where It Is impossible to work at the engine 
from below. 

The following Instructions will give you a 
good Idea how to proceed In order to properly 
adjust the connecting rods and main bearings 
in many of the modem engines. 

First—Drain off the oil by removing the 
drain or pipe plugs from the bottom of the 
oil pan; then place a small lift jack under the 
pan to keep it from dropping before all the 
oil pan bolts that support it have been re¬ 
moved. It is advisable to tie up the oil float 
(B) as high as possible to prevent it from 
dropping into the oil pan while the latter is 
being removed (this can be done by unscrew¬ 
ing the holder of the oil gauge glass) and 
thus prevent the possibility of it being dam¬ 
aged or bent. This also makes it easier when 
you are ready to replace the oil pan. Open 
all four compression cups on top of cylinders. 

Second—After removing pan scrape off the 
gasket from bottom edge (J) of crank case 
and clean away all dust and dirt so that it 
will not get into the bearings. Clean your 
hands and tools before working on the bear¬ 
ings and never use cotton waste or any rags 
which might leave shreds behind as these 
might cause serious trouble to the oiling 
syrtem. 

Third—When working on bearings it is a 
good plan to pull out the pistons and clean 


off the rings and piston heads. Always oil 
the piston rings before replacing the piston. 

Fourth—Pull out the cotter pins (A) and 
unscrew the four nuts (H); (always use a 
socket wrench for this operation as open end 
wrenches are apt to destroy the nuts) when 
taking off the cap be careful not to lose any 
shims or liners (F) and keep them in place 
on K, until ready to remove them. 

On later engines laminated shims are need be¬ 
tween the connecting rods and their caps, allowing 
one to adjust the bearings to within .002 of an inch. 
Laminated shims vary in thickness, and are made 
up of a series of small shims—.002 of an inch in 
thickness—which are pressed together as one piece. 
In taking the loose play out of the bearings, one 
can peel these shims off (fig. 10) to any amount re¬ 
quired to have a perfect adjustment on the bear¬ 
ings—never peel off any more of the shims at one 
time than is necessary. Take out the-shims to the 
amount you think necessary to take up the wear, 
being careful to remove an equal amount of shims 
on each side of the cap. 

Before replacing the cap, see that the thin 
are placed between two heavy ones with which the 
connecting rods are always supplied. Replace the 
cap and draw it up as tightly as possible, using all 
four nuts and drawing them up evenly and firmly. 

Now try turning the engine over by hand In order 
to find out whether you have the bearings too tight 
or not. It should turn easily as this represents 
only one tight bearing; when this bearing is right 
loosen it, and proceed to fit the other bearings in 
the Rame manner. 

After each bearing has been fitted and tested 
draw up firmly all the nuts and use new cotter 
pins only; never back up the nuts to insert the 
cotter pins—always draw up to the next notch and 
never use wire in the connecting rod nuts as it will 
interfere with the oiling system. Have the cot¬ 
ter pins well bent apart—so they cannot back out 
when engine runs. 


Fig. 9—Showing lower 
part of crank cose with 
oil pan removed. 


0HABT HO. 880—Adjusting Loose Connecting Bods and Main Bearings—Waukesha continued. 
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ADDENDA. 


How to Replace Worn or 
First—Take the engine out of the tractor 
or chassis and before removing pan draw 
off all the oil. Refer to page 834 for in¬ 
structions in removing oil pan. 

Second—Take out all spark plugs, prim¬ 
ing cups, etc., on top of cylinders. Now 
stand the engine on its head and place props 
under the engine arms to keep it from 
wabbling, while work is being done. 

Third—Remove the oil pan and take out 
all pistons and be sure that they are all 
marked so they will be put back into their 
respective places. Remove gear case as 
shown on page 835. 

It is nMst important before removing the crank 
shaft to mark all the gears in accordance with 
instructions on page 885, otherwise there is a 
possibility of getting the engine out of time. 

Take off the fly-wheel but be sure that 
you have it marked with the flange on the 
crank shaft, as it is very important that 
the fly-wheel is replaced in the same posi¬ 
tion as when you take it off. 

Fourth—Take off the three main bear¬ 
ing caps (M, as illustrated on page 837) 
and remove the crank shaft. Stand the 
crank shaft up on end and place it safely 
aside as a fall might spring it out of shape 
and later you would wonder why the bear¬ 
ings could not be fitted. Remove idler gear 
marked A-B-C, page 835. 

Take out the screws to remove the dam¬ 
aged bearing. Clean away all dirt and grit 
with gasoline; fit in one-half of the new 
bearing in the crank case. This operation 
is the same as described for replacing con¬ 
necting rod bearings, page 837. 

After bearing has been fitted in the crank 
case, replace crank Shaft. Apply Prussian 
blue or red lead, to the crank shaft bearing 
surface and scrape off the “spottings 11 in 
the same way as in fitting new connecting 
rod bearings. Strict attention must be paid 
that the new bearing does not rest too high 
in the case so as to throw the other two 
bearings out of line, nor should the bearing 
be too low. 

Should the bearing be too high, either 
the other - two bearings will have to be 
raised by shimming them up, or the new 

How to Replace Worn or Damaged 
First—Remove oil pan as instructed on 
page 834; then take off the cap and pull 
out the piston as shown on page 837. 

Second—Take out the screws (D) in or¬ 
der to remove bearing (£). Be sure to fit 
the bearing half with the large oil hole (8) 
in the cap, and the other half in the con¬ 
necting rod (K). 

The back side of the bearing must have 
a perfect or Bnug lit in the connecting rod, 
otherwise it will be impossible to get a per¬ 
fect permanent bearing on the crank pin 
(L). Fitting the back of the bearing is 
ractically on the same order as fitting the 
earing to the crank pin. Using Prussian 
blue or red lead in the rod and cap will en¬ 
able you to find the high spots between the 


Damaged Slain Bearings, 
bearing must be scraped until the three 
bearings are on the same level. The crank 
shaft must fit the half of the main bear¬ 
ings in the crank case perfectly before yon 
proceed to fit the caps. 

Always fit the rear main bearing cap first 
and tighten It up as much as possible with¬ 
out'stripping the bolt threads. When the 
bearing has been properly fitted the crank 
shaft will permit moving with one hand. 
If the shaft cannot be turned with one hand 
the contact between the bearing surfaces 
is evidently too close, and the cap requires 
shimming. On the other hand, if the crank 
shaft moves too easily some shims must be 
removed to permit it to set closer. 

After removing the cap observe whether 
the blue * jottings" indicate a full bear¬ 
ing the length of the cap. If they do not 
the bearing will have to be scraped. Lay 
the rear bearing aside and proceed to ad¬ 
just the center bearing in the same manner. 
Repeat this operation with the front bear¬ 
ing, with the other two bearings laid aside. 

When the proper results have been ob¬ 
tained with the bearings replace the idler 
gear and be sure that the connections A-A, 
B-B, C-C, correspond, as shown in cut on 
page 835. 

You can now replace the caps and insert 
the cotter pins, or wire. Be sure when yon 
replace pistons that the heads and the rings 
are free from grit and carbon, also oil each 
piston ring carefully. 

Fifth—Oil the bearings well by means of 
an oil can and turn the engine over (by us¬ 
ing the crank handle) several revolutions 
before replacing the oil pan. 

Sixth—Are you sure that holes (C) in all 
four connecting rod bearing caps are fac¬ 
ing direction engine runs! This is import¬ 
ant because when the engine runs oil is 
forced into these holes to lubricate the bear¬ 
ings; if one of these holes should face in 
opposite direction that bearing would get 
practically no oil the bearing would heat up 
and soon cut out resulting in a costly repair. 

Seventh—Refer to oiling system page 
834, before replacing pan. 

Connecting Rod Bearings. 

cap and the bearings; these high spots 

must be draw filed—see pages 630 and 643. 

Third—Put in the screws (D) very firmly 
and be sure that the heads are lower than 
the bearing surface so that they do not 
come in contact with the crank shaft. Next 
draw file across the top of the cap and the 
rod to have the bearing flush with same. 

Fourth—Without replacing the piston in 
the cylinder fit the bearing to the crank 
pin (L); if the bearing is too wide the ends 
will have to be draw filed. Be careful not 
to file too much off. By applying Prusman 
blue or red lead to the crank pin surface 
it will enable you to fit the bearing to the 
pin to determine whether a perfect bearing 
surface is obtained. Remove the rod and 
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observe whether the blue or red * ‘ spot- 
tings ” indicate a bearing the full length 
of the cap. If they do not the babbit should 
be scraped until a perfect bearing surface is 
obtained. 

Adjust the bearing to the crank pin so it 
can be moved to and fro freely, but at the 
same time it must not be loose. Remove 
the connecting rod and replace piston and 


give the bearing the same adjustment as 
you did when the piston was out; then turn 
the engine over by hand several times to 
make sure that no binding takes place. 

Do not be afraid of getting the connect¬ 
ing rod bolts too tight as the shims under 
the cap will prevent the metal from being 
drawn into too close contact. 


Governors. 


Governors are extensively used on trucks, 
tractors, taxicabs, marine and stationary 
engines. 

Purpose of the Governor. 

There are two reasons for using a gover¬ 
nor ; one, to regulate the vehicle speed, the 
other to regulate the engine speed. Where 
it is desirable to limit only the vehicle 
speed of trucks, taxicabs, or even pleasure 
cars, the transmission or front wheel type 
of installation (fig. 1, page 840) is used. 
The governor is set at whatever speed the 
car owner desires, is then sealed and the 
driver can never exceed the speed for 
which the governor is set. The engine type 
of governor (fig. 2) is used to prevent un¬ 
due racing of engine when changing gears 
or releasing the dutch. The average driver 
will work his engine at high speeds a great 
deal more than necessary, straining the en¬ 
tire mechanism of the car, and wasting both 
fuel and oil. By governing the engine 
speed, the vehicle speed is also limited. 

Drive Methods. 

Transmission drive—(fig. 1, page 840): 
With many models of trucks, taxicabs, fire 
apparatus and pleasure cars, it is more desir¬ 
able to control the vehide speed than the 
engine speed, thus leaving the engine abso¬ 
lutely unrestricted at any speed, except 

Care and Installation 

Mounting governor. Use thin gaskets of 
blotting paper only. Don't use shellac—it 
will cause the governor valve to stick. 

Flexible drive shaft. There should be no 
bends in shaft within two inches from 
either end, nor should shaft be bent into a 
circle of less than ten inch radius. Make all 
bends as easy and large as possible. 

Solid drive shaft. In mounting solid 
shaft, be sure that shaft ends properly en¬ 
gage in governor, right angle drive, and 
engine connection, lock nuts on tube are 
tight. Don't screw tube up tight enough 
to cause shaft or gears to bind. 

Oiling governor equipment. Before the 
governor is put into active service, see that 
the case contains about four ounces of good 
light oil (light Polarine preferred) that is 
not affected by change in temperature. Put 
in one or two ounces of oil every thousand 
miles. Flexible shaft should be kept packed 
with Artie No. 3, or a good graphite grease, 
renewing same every two thousand miles. 
Oil gear bearings, right angle drives, or en- 


when in high gear. When this is done, the 
governor (O, page 840) is driven by means 
of a flexible shaft and tube (8H), and gears 
(K) (L) attached to transmission shaft or 
front wheel. 

Engine drive— fig. 2: This type of gover¬ 
nor regulates the number of revolutions of 
the engine, and will keep it running at a 
definite, safe speed regardless of the load 
it is pulling, even if the throttle is wide 
open. The regular band throttle lever or 
accelerator may be used for lower speeds. 
Should the clutch be suddenly released when 
engine is pulling a load or running at maxi¬ 
mum speed, the engine positively cannot 
race. The engine governor also limits the 
vehicle speed, because the engine cannot ex¬ 
ceed the set speed. 

Dual drive—fig. 4: To provide double 
protection the engine drive and transmis¬ 
sion drive governor have been combined. 
When driving in high gear, only the vehicle 
speed will be controlled, but when the vehi¬ 
cle is stationary, or being driven in low 
gear, the governor throttle valve will dose 
before a damaging engine speed is reached. 
The engine governor is set at a higher speed 
than when used singly. The most popular 
use of the dual type is for controlling the 
engines of fire trucks, army seiirchlights, 
etc., where the engines perform two kinds 
of work. 

of Pierce Governor. 

gine connections, each week through oil 
holes provided. 

Loose connections. When driving gears 
or brackets are used, examine them regu¬ 
larly to see that none work loose and that 
gears are kept in perfect alignment and 
meshing properly. If a belt is used, keep 
it tight and free from oil or grease, to pre-' 
vent slipping. 

Regulating governor speed. Should it be 
desirable to change the speed adjustment, 
cut the wire that seals the adjusting screw 
and pull off the cap that it holds in place. 
The adjusting screw (A, fig. 8) will then 
be exposed. Turning this screw to the 
right or clockwise decreases the speed; 
turning to the left or anti-clockwise in¬ 
creases the speed. When proper adjustment 
has been made, replace cap and seal same, 
so that the adjustment cannot be tampered 
with or affected by vibration. 

Note: The governor does not interfere 
with the regular spark or throttle levers, or 
with accelerator control by hand or foot— 
see paragraph “extgine drive” above. 
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Pig 1 



Fig. 1 — Governor 
(G) Is driven from 
transmission, through 
flexible shaft (F. 8. 
H.) and gears (K 
and L). Bracket (B) 
supports driven gear 
(L). Gould be driven 
from front wheel. 

Governor controls 
vehicle speed only, 
leaving engine free, 
except when high 
gear ratio is used. 



Operation of Pierce Governor. 

The governor valve box (fig. 2) is mounted 
between the carburetor and intake manifold and 
connected to the driving shaft by means of either 
a solid shaft (SSH-fig. 2) or a' flexible shaft 
(SH-fig. 1), depending on type of installation. 

Normally the butterfly valve (V fig. 8) is in 
a position that does not obstruct the flow of gas, 
but it closes so as to reduce the valve port area 
just as soon as the vehicle or engine reaches 
the predetermined speed. The valve is actuated 
by what is known as the flyball or centrifugal 
principle. On the controller shaft are two weights 
(W, fig. 8) which are so pivoted that as the 
velocity of the shaft increases they are swung 
outward, forcing a plunger (P, fig. 8) forward, 
which in turn closes the butterfly valve (V, fig. 
8). The plunger is forced against a spring (S, 
fig. 8), calibrated to a standard pressure, so that 
as the speed is lessened the weights return to 
their original position and valve is again wide 
open. 


Fig. 2— Engine speed controlled by governor (G) 
driven from gear on cam-shaft through adapter (F) and 
solid shaft (S. S. H.). O—oil cup; A—adjusting screw 
and seal. Governor can be driven from any rotating 
part of engine. 



Fig. 4 


***. *—uuai pui 
pose governor. EG—engin 
governor; VG-vehicle govei 
nor; CC—connects be twee 
carburetor and inlet manl 
fold; SH—where driving 
shafts connect; O—oil eups 
-A.— adjusting screws an 
seals. 


Fig. 3 — Gross 
section of Pierce 
governor; O-con- 
nect s between 
flanges on inlet 
manifold and car¬ 
buretor; 01 — is 
passage opening 
for gas; V—but¬ 
terfly valve; P— 
plunger operating 
valve bell crank; 
8 — spring; A — 
screw for adjust¬ 
ing spring ten¬ 
sion; W—centri¬ 
fugal weights; 
8H—where driv¬ 
ing shaft eon- 
nects. 


CHART HO. 881—Governor for Controlling Vehicle and Engine Speed or Both. Pierce Goveraer 
as an Example. , 

See text page 882 for further explanation. 
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The Simplex and Duplex Governor. 


Thie governor, fig. 10, is placed between 
the carburetor and intake manifold. It op¬ 
erates on the centrifugal principle. As the 
speed increases, the weights W, cause the 
valve (T), which is of a grid construction, 
to gradually close the gas passage (GO A 
Gl), thereby cutting off the flow of gas to 
inlet manifold. Therefore it would be 
termed a “ throttling type governor; cen- 
trif ugal type. ’ ’ 



Pig.. 10—The Duplex Governor. 

1— Locking pin. 5—Oil entrance. 

2— Yoke. 6—Oil cap. 

8—-Hand wheel. 7—Oil dischargo. 

4—Valve seat. 

On the Simplex single drive governor, the 
shaft is attached to engine or vehicle as 
may be desired. 

On the Duplex double drive governor, one 
shaft is attached to tjie engine and the 
other is attached to the vehicle, at the wheel 
or transmission. 

The difference between Duplex and Sim¬ 
plex is that with the former you can con¬ 
trol both the engine and vehicle speeds, 
whereas with the latter, either the engine or 
vehicle speeds can be controlled. 

On high gear a truck running at 12 m. p. 
h., the engine may only turn over at 900 
r. p. m., but for low gear service the engine 
may be governed for 1400 r. p. m. There¬ 


fore, you would be able to maintain 12 m. 
p. h. even in second gear. 

The governor is a telltale on carburetlon 
If it surges it may result from one of five 
causes: The mixture is too rich; governor 
lubrication is bad; the ignition is faulty; 
the governor valve is dirty; or the cable 
drive is not steady and free from backlash. 

To Set the Simplex or Duplex 
Governor. 

First get the consent of the factory, other¬ 
wise you may lose your guarantee. Turn 
the hand wheel (3) out for higher, and in 
for lower, speeds. Do not fail to lock the 
hand wheel with the yoke (2) after setting, 
if a locking spring is not provided, and see 
that the yoke does not bind on hand wheel. 
The locking pin and seal (1) are for the 
protection of the governor and the engine. 
Do not touch the valve screws (4). 

To operate engine with a governor, for 
best economy; run vehicle on governor speed 
as much as possible. Bring vehicle speed up 
to set maximum governor speed with throt¬ 
tle lever and then advance spark and throt¬ 
tle to the best normal running positions. 

Don’t over advance throttle, as engine 
might “hunt” with heavy load on low pis¬ 
ton speed. Find the best throttle position 
and mark it. 

Care of Simplex and Duplex 
Governor. 

Lubricate weekly at (6) by filling cham¬ 
ber with medium cylinder oil, 600-W pre¬ 
ferred for summer, and in winter add equal 
amount of light machine oil. Every 1000 
miles remove drain (7), fill half full of light 
machine oil, run for 10 minutes to clean in¬ 
terior and drain out. Then refill as above. 

To clean governor valve—if necessary, 
pour kerosene into air inlet of carburetor 
while engine is running, varying the speed. 


tMake of Governor Used on Different Trucks. 


Pierce: Atterbury, Beck, Bessemer, Oorbitt, Dia¬ 
mond T, Dorriss, Larabee, Lippard-Stewart, 
Mascar, Palmer Taylor. Tiffin, Sanford, U. S., 
Wilcox, King, Kissel, Kleiber, Lambert, Lane. 


Monarch: Bnckaway, Chase, Columbia, Diamond 


T, model R, Fargo, G. M. O., Horner, Nelson 
and Lemoon. 

Duplex: Winther, Gary model K, Hall, Schacht, 
Harvey, Nash, Old Reliable. 

Simplex: Acme, Bourne, Dort, Denby, Federal, 
Gary, Gar ford, Lamson, Nash. 


The Monarch Governor 

throttle Is in wide-open position the speed 


differs from the Pierce and Simplex, in that 
the speed of the ingoing gas is utilized as 
the motive power for operating the disc 
or control member (A)—see page 842. 

There are no connections to any moving 
parts of the engine or vehicle. Neither are 
there revolving parts as centrifugal weights 
or balls. 

Location of governor is between the car¬ 
buretor and the inlet pipe. When installing, 
the adjustment is made when a change in 
the maximum speed of engine is desired. 
See page 842 for construction and opera¬ 
tion and adjustment. The manufacturers 
are Monarch Governor Co., Detroit, Mich. 

t Operation. 

When the engine is started and the 


of the gases lifts the disc “A” in the tap¬ 
ered chamber “B” to a position the height 
of which is determined by the amount of. 
spring tension, and it is held in that posi¬ 
tion by the speed of the gases while the en¬ 
gine is running, and so the throttle “F” is 
held in a corresponding position, limiting 
the supply of gas. 

Anything which tends to decrease the 
speed of the engine, namely, going up hill, 
through a mud-hole or additional load added, 
in turn causes a decrease in the speed of 
the engine and a consequent decrease in the 
speed of the gases, when immediately the 
disc drops and opens the throttle to admit 
a sufficient amount of gas to maintain the 
speed at which the adjustment was made 
—continued on page 842. 


‘Pierce Engine Governor Oo., Anderson, Ind. “Duplex Engine Governor Oo., 86 Flatbueh Ave., Ex¬ 
tension, Brooklyn, N. Y. fList not complete. 
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Monarch 
Governor. 
Fig. 1.— 


—continued from page 841. 

before the additional load was 
added. The same is also true 
when the engine ig instantly re¬ 
lieved of its load; the speed of 
the gases increases and raises 
the disc to the position required 
to maintain its fixed maximum. 
It is therefore evident that, an 
adjustment of spring tension made 
to produce a certain engine speed, 
that speed will be maintained re> 
gardless of load. 

Adjustment. 

To adjust the governor to pro¬ 
duce any required engine speed, 
remove the lock and lock pin, un¬ 
screw the cover “V," push in on 
the finger boss on the spring 
housing "L/’ and turn in the 
direction indicated by the arrows 
“Fast” and “Slow” to increase 
or decrease the speed, always be¬ 
ing sure that the control lever is 
in a wide-open position when the 
adjustment is made; and be sure 
that the cover “V,” the lock pin 
and lock are in place before the 
7 truck is put in service. 
Adjustment of the Borg and Beck Clutch—-See also Pages 42, 668 . 

(A) To tighten clutch, first * 1 release 1 * with foot lever, then 
loosen slot-bolts il A” and shift same 1 * clockwise, * * about one- 
half inch. Let in clutch, and, if opening at “B” is less than 
^6 -inch, throw out again and tap slot-bolts back (* ‘ anti-clock- 
wise M ) far enough to open space at “B” to full %-inch. 

The adjustment “A” also adjusts foot pedal, and 
when clutch slips it is usually due to clutch pedal hang¬ 
ing up on inner side of foot board. When adjusting 
clutch see that at least %-inch clearance 
is left between pedal and foot board, for 


wear-in. 

(B) The adjustment at '‘A” must be 
used to Increase or decrease this “B” 
space. When clutch is “in,” 
if space between these brake 
faces is less than %-inch, the 
throw-out movement will be 
too short for clean release. 

(O) If bolts “A” adjust 
against last end of cover-slots, 
screw them out of their mount¬ 
ing-holes and set them back 
into repeat holes exposed near 
first end of slots, thus doubling 
the range of adjustment. 

(D) If, for any reason, the 
clutch is to be taken apart, 
first punch remounting “line¬ 
up” marks on cover and eas¬ 
ing, as clutch will not work 
properly if cover is shifted in 
remounting. 

(E) In taking the clutch apart, first throw 
out same and 1 ‘lock-out” the spring by placing 
a space-block between the cover and throw-out 
yoke at “E.” 

(F) Leave asbestos rings loose in their work¬ 
ing seats. Do not fasten to the metal parts. Do 

not run in oil. 

If clutch does not work smoothly take out one 
adjustment screw and squirt about three spoons 
of oil into same, just enough to moisten friction 
rings. Too much oil will cause clutch to dip 
until oil is burned out. 


T NO. 882—Monarch Governor. Borg and Beck Clutch. 



















MOTORCYCLES. 



'flUAT VALVE. 


fusion. Clutch 


OHABT NO. 888—The Harley Davidson Motorcycle. Remy Motorcycle Electric System. 

Vote: The 1015 Harley-Davidaon used the vacuum cut-out, explained here as a matter of information. Later 
models used the mechanical gOTernor principle of disconnecting and connecting the battery, similar to the me¬ 
chanical cut-out explained on page 811. Model 18-E is a direct geared (no transmission); 18-F, has 8 speeds 
and uses a magneto (Dixie or Berlin*) for ignition, no electric system; 18-J—has 8 speeds and nses J 
• 1 “**<* with poll and battery inntion. See Insert No. 3 for H.-D. engine. 


Fig. 6; wiring dia¬ 
gram and location of 
parts of the Remy 
model 15 motorcycle 
electric system. 


Fig. 8 — Sectional 
view of controller. 


RIGHT KAN DU BAR CONTROLS THROTTLE 


GEARSHIFT tEVE* FOR 3 3R£tJ)3w 

full forward .... 'low SPEtbi 

FULL REAR POSITION 

CENTER POSl-nON "NEUTIMU 


LEFT tlANpLf BAR COWTPOLS 5PAR R 4 RAiSEi 


A FORWARD DOWN step on EkTHCP PEDAL STARTS 
MOTOR WHEN THANSHISSlOri tb IN NtuTPAL PQSmOni 


fig. 8—The H. D. three-speed, model 11F. The 1918 model 18F Is similar. The gear box is mounted to 
the rear of engine on the frame. Note lettering on illustration. 

To start the three speed model engine, shift gears into "neutral'* position and have elntch "in;** start en¬ 
gine by pedal. After engine is started release cluteh. To start machine place gears in mesh, starting off on 
T, low t ’’ gradually applying clutch. The Remy electric system below, is used on this type of machine and 
is then called model 18J. 

The Remy Lighting, Generating and Ignition System. 

The generator Is driven by the engine. The shaft being connected to engine. The armature of generator is 
a drum wound type mounted in the upper portion of the generator. Ourrent is "direct." 

The generator ia connected with a 6 volt storage battery as shown in fig. 6. The generator supplies cur¬ 
rent for lamps, horn and ignition, the surplus current being stored by the battery. The battery then sup¬ 

plies current to the lamps when the engine ie not running. 

The lighting switch has three positions; off, bright head and tail lights, 

„ f- - - " ^\ jfv*** dim head and tail lights. 

, 2 | [1-^ i***! The ignition (direct current) is taken from battery to start on and 

tion * generator, after generator is running. The current is carried through a 

co , L . circuit breaker on lower end of the generator. This eircuit breaker is 

oS similar to a magneto eircuit breaker and has a lever for advancing. 

\\ The current is carried to coils of high tension type without vibrators, 

ot If mounted directly over gonerator. This low tension current, which is 6 

*3 /L^l ,<>v ^ ▼olte. is interrupted at the proper time being transformed into high ten- 

‘iN** >ion current through the secondary windings of coils. A distributor 
ff J carries the current to the spark plugs. 

- II {/ •Vacuum controller la located in the switch case and is connected 

2 —- — I if 1 through a cheek valve (X, fig. 8) to the engine intake manifold by a 

< /I • l / small pipe. When the engine is turned s fraction of a revolution for 

o // h\k starting, either by the step starter or by pedaling, a vacuum ia created 

< //} in the intake manifold which in turn acta upon the controller, drawing 

1/ U I// ) the contacts (0, A, flg. 3) together, and thus connecting the generator, 

& till fiber horn and ignition to the battery and holding this eircuit elosed until after 

H II l sK the engine has stopped running for a few seconds. The purpose of this 

< ^ wJJ 11 l VV 7 °"' vc device is to automatically cut off the eonneetion between battery and 

/ generator. 

. _ _ ' In reality it is a 

Fig. 1—The sleetrie generator with ^ rZZZVCS, iw* "cut-out" for the 

ignition breaker box. vacuum controller r- La purpose explained on 

and ignition coils all in one unit. ' GL <' /«[page 884. A separate 

-—-—=£— Y . switch for ignition 

is not necessary as 

1 V" • the ignition current 

-ft .. i> taken from bat- 

Stgr/><>' CPT tery to start on. 
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COMPRESSION 
flfiitf fiflc 


contracting^ 

BRAKE OUT&fQt 


foot BRA^E 
INTERNAL 


Fig. 1—The Indian Twin type of motorcycle using a neutral counter shaft as described on page 845. 

If machine is equipped with this one speed device, called a “neutral counter shaft," its purpose is 
mainly to promote starting without raising the rear wheel. By shifting the small lever underneath handle 
bar, the dogs are disengaged and drive to the reaf is cut out. The clutch is then engaged and engine started. 
After engine is started clutch is disengaged until machine is started. 

If the three speed gear box is used instead of a single speed—it is mounted in the same location, but a 
control lever is placed on the side as shown in fig. 2, instead of the small hand lever. When starting with a 
two or three speed, the gears are shifted to neutral position and the action is just the same as above. Note 
the name and location of parts as lettered. 


OPERATES SPARK AND COMPRESSION RELIEF. 
OPERATES THROTTLE 


ROD CONTROLLING 
CARBURETOR THROTTLE. 
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CONTROL 


MACNETO SPARK 
AO 0 CONTROL 


SMRttF \ 
QUADRANT 


starter \ 

SACHET PINION \ 
Lclutcm AND \ 
^TRANSMISSION 


WHEEL BASS 54 INCHES 


MOTOR PRIVE AND 
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STARTING AND MOTOR 
ORIVE CHAIN 


'DRIVE CHAIR 


Fig. 2—The Indian starter: The down pressure on the foot lever brings the quadrant into engage¬ 
ment with the pinion on the clutch and turns the engine over three times to each stroke, the clutch being 
engaged to obtain positive and full crank effect. 

This starting of the engine can be done without jacking up the rear wheel, simply by putting the 
shifting lever into neutral on the three-speed machine and by disengaging the driving oog in the same 
manner on the single speed model. 

When the starting crank is released on the bottom of the stroke it is automatically returned to the 
startin g p osition by a strong ooil spring and when not in use is held in a convenient position by a strong 
clip. When the starting crank is in normal position it is fully disengaged from the pinion which revolves 
with the clutch. 

The mechanism consists of a quadrant with a reverse motion and meshes with a ratchet pinion ea 
the clutch shaft. The ratio is three turns of the engine to one stroke of the starter, not taking into ac¬ 
count the spinning effect and extra momentum gained. 

See Ohart 885 for description of the Indian three speed gear and index for Indian engine. 



3HABT NO. 884—The Indian Control and Method of Starting. 

fnition on Indian is Dixie high tension magneto. See insert No. 8 and page 811 for “Mag-Byname." 
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Motorcycle Clutch and Transmission—Indian Three-Speed as Example, 

Operating plan of three-speed Indian motorcycle: Tho principle of construction and operation of the 
three-speed gear are identical with the two-speed, except that there is an extra set of gear* for inter- 
mediate ratio, 

Whm gears "A" and "B" are locked together by doge "O," the '‘high ratio '* or "high speed 1 ' is 
coupled up. 

When gears "B" and "E" are In mesh, 11 intermediate'' or "second speed" ratio is obtained. 

And when gears "B 1 ' and "0" are connected through the dogs "H," the "low speed" is obtained. 

There are two "neutral" positions In this gear set; between the high and in termed late with the gears as 
ah own in the illustration, and between the intermediate and low, with gear "B" on the other side with 
*‘E," with the same relative position, 

Indian Clutch, 



cni*ui 

JI M IT * 4uA0f[*NT 


tr*» on 

0 A 

1H 




B a t T ii i iji u ' ip VT SS i iffi 

Wkm 




Fig, 2, The Indian clutch and 3 speed transmission. 


Construction: The Indian 

clutch is a multiple disc dry 
plate type. The drive is trans¬ 
mitted through four Raybestos 
faced discs which engage with 
four polished Steel discs and 
are held on engagement by 
eight small springs equal dis¬ 
tances apart. 

This clutch is applied to the 
one. two or three speed trans¬ 
mission. 

Operation: Lever "X" op¬ 

erates clutch and has about 
45° travel. When pulled for¬ 
ward it releases clutch; back* 
ward it engages clutch. 

It is connected with foot 
pedal, which has a pull back 
spring. Pressure on pedal for¬ 
ward, causes the plunger rod 
(marked by mistake, "shaft 
driving hub") to come In con¬ 
tact with the screw "W," 
which under pressure com* 
presses the springs and pulls 
the whole assembly mounted 
on the inner plate—outward— 
thus freeing the driving discs. 

When control pedal is re¬ 
leased, the pull back spring 
causes a reverse action through 
the mechanism and again brings 
the discs into engagement. 


Schehler Motorcycle Carburetor—Used on Indian and Harley Davidson, 


Description; model "H," % and 1 in. Compensating type. Variable fuel feed. Supply of gasoline con¬ 
trolled by (Z), which raises the gasoline needle valve (I), which gives an adjustment on low, intermediate 
and high speeds. C—is air intake and can be turned so warm air can be drawn from engine. 




Low speed adjustment: See that the 
leather air valve "A" seats lightly, but 
firmly. Then turn knurled button "I" 
to the right until the needle point "E" 
sets in spraying nozzle. Now turn "I" 
to left about two turns and open low 
speed adjusting screw "L" about three 
turns, then open throttle about half way 
to start engine. After starting close the 
throttle and turn needle valve adjusting 
screw "I" to the right or left until en¬ 
gine runs smoothly without missing. If 
with this low speed adjustment, engine 
runs too fast, turn low speed adjusting 
screw "L" to the right. 

High speed adjustment: Do not make 
the adjustment with the engine running 
idle. The machine should be run in high 
speed on the road. The throttle and 
spark should be advanced fully. The adjustment is now made by the pointer "Z T " which as it moves 
from "1" toward "3" Increases the supply of gasoline. Moving the indicator from "3" toward "1," 
ctits down the flow of gasoline, When the indicator reaches the right point, the engine will run without 
missing or backfiring. 


Starting—air valve can be locked to assist in starting by pulling out button (12) and giving U turn. 
When engine starts, release air valve (A) by turning button (12) back. 


Extra air port for high speed on the Harley Davidson carburetor is provided inside of mixing chamber to 
admit more sir at extreme high speed. 


To set float level—place float from top of bowl to top of cork float. The arm can bs raised or low¬ 

ered to meet these conditions. 


CHABT HO. 885—Motorcycle Transmission; Indian Three-Speed as an Example. Schebler Motor 
cycle Carburetor. 
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Tig, 1 Illustrates two cylinders placed 42* apart. We will call cylinder to the left No. 1 and cylinder 
to the right No. 2. Bottom of connecting rode are together on one crank pin. 

Note No. 1 piston is on top of its stroke and connecting rod is straight np and down, in line with the 
crank pin; in other words on its * 'firing center.'* (If it Is on top of compression stroke, which we as¬ 
sume it is.) Piston No. 2, is not on top of its stroke; its cohnecting rod where attached to crank pin is 42* 
away from its firing center. No. 2 has 42° yet to travel to complete its exhaust stroke (see 2 to 4, fig, S). 

Fig. 2; No. 1 has fired and traveled 42* on its power stroke (see 1 to 8, fig. 5). No. 2 piston is 

now on top of its suction stroke (4) . and on its dead center firing line. 

Fig. 3; No. 1 has reached bottom of Its firing or power stroke (see 5, fig. 5), having traveled ISO* 

or half a revolution. No. 2 is not quite down in its suction stroke, being 42* behind No. 1. 

Fig. 4; No. 2 has now reached bottom of stroke on suction, having traveled 180*, whereas No. 1 is part 
the way up on its exhaust stroke. 

Therefore, starting with firing of No. 1 at IF; if No. 1 makes a complete revolution; one stroke 
down on power stroke and one stroke up on exhaust, from 1 to 8—it will have traveled 360*. No, 2, 
however, will lack 42* of completing its revolution, and will have to travel 42* more than 360* to 
complete its revolution from 2 to 0. 

Therefore when No. 1 travels 860*, No. 2 must travel 860 + 42 or 402* before it fires. Or No. 1 
will fire again, 818* after No. 2 fires. 

Fig. 6; black line shows travel of No. 1 and shaded line of No. 2. The firing lines of each, or top 
and bottom center are lettered on illustration. 

Start with No. 1 firing at (F) and follow the stroke to bottom or a half revolution; for instance, from 
1 to 6 on No. 1, and 4 to 6 on No. 2; each represent a stroke or half revolution or 180*. 

From 1 to 8 on No. 1, represents a revolution or 360*. 

From 2 to 9 represents 42° more than a revolution on No. 2. From 4 to 9 would represent a revolu 
tion on No. 2. 

While observing the travel of No. 1, at the same time follow No. 2 and note what it is doing. For 
instance, when No. 1 is traveling from 1 to 8 on its firing or power stroke; No. 2 is traveling from 2 to 4. 
on its exhaust stroke, having 42* of its exhaust stroke to complete before it is on its dead center, when it 
starts on its suction stroke. 


nr art NO. 880 — Firing Order of a “V” Typo Twin Cylinder Engine; cylinders 42* apart and 
>oth connecting rods on one crank pin. (Bee Chart 45, page 93 and study meaning of de g r e es.) 
lee insert No. 8 for Dixie motorcycle magneto and page 811. 
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How To Repair Tops. 


Any repair shop, by the investment of a 
small amount of money in equipment, and 
the exertion of reasonable care, can develop 
a profitable top repair department. It is 
as an essential part of the trade as is the 
machine shop or the vulcanizing shop. 

Only a small amount of equipment is nec¬ 
essary in a top repalrshop, and this, with the 
exception of the sewing machines, may be 
made by the repairman himself. 

The top building frame is shown in fig. 
2 , and it is only used when the car for 
which the top is being repaired cannot be 
left during the work. It is simply an ad¬ 
justable framework upon which the top may 
be placed in exactly the position it occu¬ 
pies when up, and on the car. For each 
car the frame is set to duplicate the meas¬ 
urements of the top supporting irons and the 
car body. Then the workman can repair 
or rebuild the top with assurance that 
it will fit when returned to the car. When 
possible, the top should be left on the car 
during the repair. 

In order to fender all parts of the top 
accessible, when left on the car, a frame¬ 
work shown in fig. 3 is set up around three 
sides of the car. This framework is about 
18 in. high, and comprises three planks 
resting on four small wooden horses. An¬ 
other method of accomplishing the same re¬ 
sult, yet one which the author has never 
seen, would be to construct a pit below the 
floor level. This would permit the workman 
to work directly from the floor and save 
the time lost in stepping to and from the 
platform. 

All work is laid out and cut on the lay¬ 
ing out table shown in fig. 4. This table is 
about 6 ft. wide, 12 ft. long and 28 in. 
high. A notched rack at one end supports 
the rolls of top material and enables the 
workman to readily obtain or replace the 
top material when desired. Rolls may be 
easily removed from the frame, or as many 
as three rolls of material may be carried 
at one time. 

The tools of the workman are few, com¬ 
prising a light cross pene hammer, with a 
tack puller fitted to the end of the handle; 
a heavy pair of shears, a small cold chisel 
and a nail set or punch. These are carried 



in a special apron, made of top material, as 
shown in fig. 5. In addition, a carpenter's 


square, a 10-ft. straight edge, a yard stick 
and a plumb bob are required. The plumb 
bob is used to plumb up the edges of the 
back curtain, when fitting, to make certain 
that they are hung straight. 

In addition, several special punches and 
dies will be necessary for cutting the open¬ 
ings for the curtain fasteners. One of 
these—styled the Murphy die—is shown in 
fig. 7, and corresponding dies are used for 
each type of fastener. 

The sewing machine used in this work 
is of extra heavy construction, and is simi¬ 
lar to those used by harness makers. These 
machines should be motor-driven, and may 
be purchased from almost any reliable sew¬ 
ing machine manufacturer. 

So much for the equipment—now for the 
method of doing the work. Briefly this con¬ 
sists of removing the top material, part by 
part, using the parts as patterns to cut the 
new parts by; fitting the parts to the top 
frame; removing the parts; sewing them to¬ 
gether, and then placing them again on the 
frame. Careful work is essential, and after 
carefulness has become a habit speed may 
be developed. Carefulness, then speed, are 
the only two requirements for a successful 
top repairman. 

The following is a typical example of the 
method used In re-covering an automobile 
top. Though it specifically applies to a 
Ford top, in general, it may be applied to 
any car. 

1 — Remove the top covering from the 
frame, part by part, using the hammer and 
cold chisel as tools. Note how each part 
is fastened, as the rebuilding must be ex¬ 
actly the reverse of the tearing down. 

2— Using each part as a pattern, one by 
one, mark out the new parts on the top 
material. Care must be taken to allow ex¬ 
tra material at the edges for fastening the 
material to the frame. The method of con¬ 
structing the rear quarter is shown in 
fig. 10, and this method applies in general 
to each of the top parts. 

All metal fastener holes should be 
punched, using the holes in the old parts 
as guides, and all square corners should be 
checked up by means of the square. The 
parts are then sent to the machine, and the 
necessary sewing done. The celluloid win¬ 
dows are also placed in the rear curtain at 
this time. 

In the meantime the top frame should be 
placed in good condition. If any bows are 
broken new bows should be fitted. Ordin¬ 
arily new wrapping should be tacked around 
the bows, but if this wrapping is only faded, 
it may be dyed to conform to the inside of 
the top material. 

3— The side pad covers should now be 
made, according to the pattern shown in 
fig. 8. On the Ford black cambric is used, 
but in every case the material should con¬ 
form in color and quality to that used in 
the top material. 


Dr. S. A. Peake'i method of vulcanizing small holes, large as Vi inch in tops Is as follows: First clean 
both sides of surface with gasoline, then use "Mastic" or "Tire-Doh" and work it to a point and 
insert in hole, filling hole. Out off on each side. Then place a hot sad iron underneath and on top. 
This will vulcanize the Mastic in the hole. 
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ADDENDA. 
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Fig. 2: When the ear cannot bo loft 
in the shop, thia adjustable frame 
enables the mechanic to duplicate the 
method of holding used on the car. 

Fig. 8: Most tops are repaired right 
on the car, and a framework on three 
I sides of the car renders all parts me* 
cessible. 

I Fig. 4: The rolls of top material ere 
carried on rods hung in a notched 
upright, and the material is marked 
I out and cut to form on the laying ont 
table. 

Fig. 6: The other end of the hammer 
handle is fitted with a tack puller, 
thus combining fhe two tools. 

Fig. 7: Special dies are required to 
cut the openings for the fasteners. 
This is a most common type. 


£ tW> COVERING 


Fig. B: The side 
pads are a single 
strip of cambric 29 
in. wide, and sewed 
as shown. 

Ftf< 0: This is the 
method of building 
up the aide pads. 
Tig. 10: This shows 
the various steps in 
laying out and cut¬ 
ting a rear quarter.. 
It is then taken to 
the machine and 
sewed. 

Fig. 11; After *11 
parts of the top are 
made, they are tem¬ 
porarily tacked to 
the bows and fitted. 
When a perfect fit 
is ■«cured, the edges 
are marked, and th* 
parts removed and 
Fewad. They may 
then be replaced on 
the frame and per¬ 
manently fastened in 
place. 


TOP MATEPtALv 


^ CHAU 

SQUARE \ ^ 
STRAIT \ 


JHART NO. 887—How to Repair a Top. 

From Motor World, by 8. Thorton Williams.) Note—The shop layout and special tools, together with thw pro- 
odnre, were obtained from the Barton Auto Top Co., Detroit. 
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4— Line up the top bows. The method of 
doing this is shown in fig. 2. Heavy can¬ 
vas straps are passed over each side of the 
bows, drawn tight, and tacked in place. 
The front bow should fit down over the 
windshield; the two middle bows should be 
vertical, and the position of the rear bow 
ean be gauged by the length of the straps 
bolding it down to the body back. 

5— The side pad liners are next tacked In 
place, and the burlap strips tacked tightly in 
place. After this the curled hair, or cot¬ 
ton packing, is replaced, and the side pad 
flaps pasted into place. If desired, the 
edges of the pad may be sewed together. 
The above operations are shown in detail 
in fig. 9. 

6 — The rear quarters and back curtain 
are now fitted and tacked In place, after 
the metal fasteners have been applied, as 
shown in fig. 7. All vertical edges are 
plumbed up with a plumb bob, as any edge 
out of the vertical here is particularly no¬ 
ticeable. 

7— The two side quarters are now tempor¬ 
arily tacked in place, beginning at the front 
and working to the back. These quarters 
should be drawn tight, without wrinkling. 
The edges of the deck are then turned un¬ 
der, and the deck is temporarily tacked in 
place. 

8 — By carefully fitting and changing, the 
top may be fitted to the bows In exactly the 
position It la to occupy. When everything 
appears to fit correctly the side curtains 
should be placed in position, and if neces¬ 
sary, the tacks should be removed and the 
top pieces shifted until the side curtains 
fit. (In most cases new side curtains do 
not have to be made; but if so, the new 
curtains should be fitted at this point.) 

When everything Is right the mating 
edges of the top pieces should be marked 
with chalk, and these marks crossmarked, 
as shown in fig. 11. Then by joining the 
corresponding marks together, the sewing 
machine operator can sew the parts together 
correctly. Chalk marks should also do 
placed at the points the edge of the top 
crosses the bows. This permits the top 
to be correctly replaced after a sewing. 


10— The parts of the top are then re¬ 
moved, and the flaps on the edges that are 
to be, sewed trimmed down to a width of 
about 2 in. The parts are then sent to the 
machine and sewed together. 

11 — To complete the work It Is only nec¬ 
essary to replace the top covering and tack 
it securely in place. All extending edges 
are removed and the joints covered by a 
narrow strip of cloth material fastened by 
black upholstering tacks. 

The above covers the method of com¬ 
pletely replacing the top covering, with the 
exception of the side curtains. As stated, 
this is rarely necessary, as the side curtains 
are little used. If desired, any one part of 
the top may be replaced with new material, 
providing the other parts are in good con¬ 
dition. However, if either the deck or side 
quarters must be replaced, it is necessary 
to tear the top completely down in order 
to sew it together again. 

In cases where it Is necessary to replace 
some parts of the top covering, it will usu¬ 
ally be found advisable to renovate the 
interior and exterior of the balance of the 
covering to make it conform to the appear¬ 
ance of the new part. Or this renovating 
may be none at any time to improve the 
appearance of the top. 

After applying any patches that are nec- 
cessary; replacing broken windows, and 
tacking on new binding at the edges where 
required, the top should be thoroughly 
brushed and cleaned. Gasoline should never 
be used for this purpose if rubber is used 
in the top material construction, as its ac¬ 
tion is to destroy the rubber. Soap, warm 
water and a brush are all that are usually 
required. 

When the top Is thoroughly cleaned and 
dried top dressing may be applied to outer 
surfaces, and the faded inner surfaces may 
be dyed black. There are many brands of 
top dressing on the market for this pur¬ 
pose, and any well-known brand should 
prove entirely satisfactory. By exercising 
a little care, the appearance of a shabby 
top may be greatly improved by this sim¬ 
ple cleaning, patching up loose ends and 
application of top dressing. 


Where to Obtain Top Material. 


Tools; snch as eyelet punches and dies for 
sockets and eyelets, special hand screw drivers, 
curtain fasteners, etc.: Carr Fastener Co., Cam¬ 
bridge, Mass. G. W. Murphy Co., Amesbury, 

Mass. 


Top material; Cray Bros., Cleveland. O.; Bn 
Pont Fabrikoid Oo., Wilmington, Del.; 1. 8. Carr, 
Boston, Mass.; L. 0. Chase Co., Boston. A Chi¬ 
cago; Pantasote Co., 11 Broadway, New York. 

Top and upholstering dressing and celluloid for 
curtain lights etc.: Arsenal Varnish Co., Rock 
Island, Ill.; Cray Bros., Cleveland, Ohio; F. S. 
Carr, Boston, Mass. 


Lift the dot fastener is a 
very popular curtain fas¬ 
tener. To unlock and re¬ 
move, lift dotted end of 
socket which is placed 
nearest edge of curtain. 
It is natural to lift the 
edge of the curtain so 
there should be no diffi¬ 
culty in remembering to 
always “lift-the-dot*’ and 
avoid tearing the curtains. Mnfgd. by Carr Fas¬ 
tener Co., 31 Ames St., ^Cambridge, Mass. 



Rain shields similar to illustration fig. 6, page 
732, for placing over the wind shield to prevent 
snow and rain accumulating is another profitable 
accessory to handle—mnfgd. by Jos. N. Smith Co., 
Detroit, Mich. 

Seat covers are profitable to handle. Cray 
Bros., Cleveland, O.; Glover Eq. Co., Indianapolis, 
Ind. 


Top and upholstering dyes and dressing—Cray 

Bros.. Cleveland, O. 

Complete Tops—Cray Bros., Cleveland, O. 

Glass curtain lights are becoming very popular. 
They are rather expensive however but add con¬ 
siderably to appearance of a car. The glass is 

beveled and comes 
with frame ready 
to pjace in cur¬ 
tain. The Bor- 
bein Auto Co., 
2109 No. 9th St., 
St. Louis, Mo. 
will supply this 
—also top ma¬ 
terial, etc. in small quantities. 
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PACKARD SUPPLEMENT—ADJUSTMENTS. 


Supplement 

ON THE 

PACKARD 

TWIN SIX-“3-25” and “3-35” 


Packard Operation. 


Preliminary to starting; pat gear shift lever in 
neutral (see page 498 for location of parte). Set 
hand brake. Set spark lever in mid position (see 
page 858). Be sure air gauge shows pressure in 
tank—if not, use hand air pump on instrument 
board (page 498). Open throttle about one-sixth. 

Adjust air Valve control, which is to the right 
of gasoline gauge (see page 855). Cold weather 
pull all way out to * 'choke.' • Warm weather 
this will not be necessary. 


To start engine: turn ignition switch to “ig¬ 
nition.” Crank engine, using electric starter. 

After engine starts; push air valve adjustment 
in and set at best running position. Close throt¬ 
tle until engine runs slowly—a liner adjustment 
can be obtained by setting the mixture control 
with the throttle closed. 

To start car; usual procedure. See pages 480, 
488. The movement or gear shift lever is shown 
on page 498. 


Standard Adjustments. 


Ignition Interrupter points should be set .015 
to .020 inch when fully separated. 

Ignition timing: The spark setting in the fully 
advanced position should be 2% inch (measured 
on the circumference of the fly wheel) before up¬ 
per dead center. 

Should it become necessary to check this, pro¬ 
ceed as follows: Remove motor starter switch 
cover over fly-wheel. Set the spark lever on 
the steering wheel in the fully advanced posi¬ 
tion. Open all priming cups with the exception 
of the one in No. 1 cylinder in the right block. 
Crank the engine by hand until compression be¬ 
gins in this cylinder, then open this priming 
cup and continue to crank the engine slowly to 
the point where the right interrupter points just 
begins to separate. In this position, the letters 
”8. R.” on the fly-wheel should be just opposite 
the center line of the engine, as indicated on the 
crank case. 

In order to test the synchronism of the left 
hand block, proceed as above excepting that the 
priming cup in No. 1 cylinder in the left block 
should oe closed. Under these conditions, the let¬ 
ters ”8. L.” should be just opposite the center 
line of the engine as above. 

Spark plug points should be separated .082". 

The auxiliary air valve should have inch 
drop when the control on the instrument board 
is set for the best idling position. To check, pro¬ 
ceed as follows: 

Set the auxiliary air valve control for the best 
Idling position. In this position groove No. 4 is 
flush with the end of Instrument board bracket. 

Measure height of top of air valve stem from 
some fixed point on the engine. Depress air valve 
until it strikes inside spring. Measure height of 
top of stem as before. The difference in these 
two measurements is the air valve drop. 

Make sure that air adjusting connecting rod 
clevis is so adjusted that the air shutter completely 
closes when the control on the instrument board 
is pulled out. See also page 854. 

Olutch brake: Adjustments for wear can be 
made by loosening the nut on the stud which pro¬ 
jects through the slot in the clutch cover and by 
sliding the whole assembly toward the rear. 

Before tightening the nut, be sure that the brake 
facing does not make contact with the clutch 
brake disc when the clutch is engaged. 

The amount of clearance should be governed 
by the speed of shift desired. 

The standard setting allows % inch to %2 inch 
compression of spring with the clutoh completely 
disengaged. 

To adjust the foot (external) brakes properly, 
make the clearance between the band and the 
drum Vkj inch and equal all around. In making 
this adjustment proceed as follows: 

Adjust the nut on the rear support until the 
clearance between the drum and the brake band 
is )4s inch at this point. 

Adjust the two nuts on the shank of the clevis 
just below the eye bolt at the front of the brake 
until the distance between the lower half of the 
brake band and the drum is )$2 inch. 


Adjust the T handle, which operates the adjust¬ 
ing screw, until there is a clearance of Vis inch 
between the upper half of brake band and drum. 

The hand (internal) brakes should be evenly 
adjusted so that when applied there js the same 
resistance on each rear wheel. The following ad¬ 
justments are to be made: 

Make all adjustments for wear on the side pull 
rods connected to the cam shaft levers. 

By removing the rear wheel the hand brake 
band can be set concentric with the brake drum 
by means of the adjusting set screw at the rear. 
The band should just clear the drum at this point. 

Hand lever should be in the sixth notch from 
the front when brakes are applied. 

Adjust accelerator pedal to have a clearance of 
9ie inch between pedal and top of floor board 
when throttle is wide open. 

The oil pressure should be 20 to 25 pounds at 
1000 revolutions per minute; corresponding to a 
speed of approximately twenty-five miles per hour; 
with the engine hot. A lower pressure when the 
supply is up to level indicates that the oil being 
used has low viscosity or that the relief valvo 
opens too far. 

To adjust the relief valve opening, change ten¬ 
sion of relief valve spring located in pump hous¬ 
ing—see page 859. 

Compression in the cylinders should show 75 
pounds plus or minus 8 pounds pressure with en- 

S ine cold and at cranking speed, with all cylin- 
er petcocks closed and the throttle wide open.— 
(see also page 853.) 

Gasoline pressure: gauge on instrument board 
should show 1)4 to 2)4 pounds pressure. 

The pressure may be increased by removing tha 
plug at the top of the pressure pomp cylinder and 
unscrewing the smaller plug at its base. To de¬ 
crease pressure, screw in tne plug. 

Valve clearance: Inlet and exhaust valves 
should have .004-inch clearance between valve 
stem and roller holder set screw when engine ia 
cold. Be sure that valve is fully seated when 
measuring clearance. 

The vibration damper on the front end of the 
crank-shaft should be adjusted to slip under a 
pull of approximately 140 lbs. 

Clutch pedal: When the clutch is in the fully 
engaged position, the pedal should depress 1)4 
inch under light spring pressure before resistance 
of the heavy clutch spring is encountered. 

If the pedal is brought against the floor board 
before the clutch is entirely engaged, full action 
of the clutch spring is not obtained which will 
cause the clutch to slip. 

The rod connecting the clutch pedal with the 
clutch release lever on the left of the clutch hous¬ 
ing gives the necessary means for obtaining the 
correct adjustment for the clutch pedal. Length¬ 
ening the rod by means of the thumb screw will 
increase the amount of travel under light pressure 
before disengaging clutch. 

No other change from the original adjustment 
will be required as clutch surfaces are automatic 
in their compensation for wear. 

Front wheels should *'toe-in” 


L 
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ytffAST NO. 889—Left Side of Packard Engine. 

339 omitted (error in numbering). 
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OHABT NO. 390—Bight Side of Packard Engine. 
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Valve cover stud 
nut assembly. 

Valve—exhaust. 

Valve stem guide. 

Valve spring. 

Valve spring oollar. 

Valve spring collar 
key. 

'Valve roller holder 
screw. 

Valve roller holder 
screw check nut. 

Valve roller holder 
screw plate. 

Piston pin. 

Connecting rod. 

Valve roller holder 
guide yoke. 

Valve roller holder 
guide. 

Valve roller holder 
and roller assem¬ 
bly. 

Crank case upper to 
lower stud nut. 

Crank case overflow 
valve stud nut. 

Crank case overflow 
valve spring. 

Crank shaft oil 
thrower. 

Fan driving pulley 
key. 

Cam shaft spiral 
gear, front. 

Cam shaft sprocket. 

Distributor driving 
shaft nut. 

Distributor driving 
shaft gear. 

Distributor driving 
shaft. 

Cam shaft driving 
chain. 

Cam shaft driving 
chain oil tube as¬ 
sembly. 

Gasoline power pres¬ 
sure pump eccen¬ 
tric lock. 

Gasoline power pres¬ 
sure pump eccen¬ 
tric. 

Motor generator 
sprocket eccentric. 

Motor generator 
sprocket coupling, 
female. 

Cam shaft driving 
chain oil tnbe 
flange nut. 

Distributor driving 
shaft bushing, 
upper. 

Cylinder water jack¬ 
et plate. 

Cylinder water jack¬ 
et plate screw. 


The twin-six engine is of the four-cycle type with 
two blocks of L head cylinders bolted to the crank 
caae at an inclined angle of sixty degrees. The 
cylinder bore is 8 inches and the stroke 5 inches. 
The left block is set 1)4-inch ahead of the right 
block to permit the lower end connecting rod bear¬ 
ings from opposite cylinders being placed side by 
side on the same crank pin. This arrangement also 
permits tho use of a single cam shaft with a sep¬ 
arate cam for each valve operating directly on the 
valve push rod roller. 

Compression in all cylinders should be equal and 
up 'to the standard. Weakness or loss of compres¬ 
sion is most probably due to imperfectly seated 
valves, which may be caused by insufficient clear¬ 
ance between the valve stems and lift rods, carbon 
deposits on the valve seats, or by sticky valve 
stems and guides. Compression should be tested 
for uniformity in all cylinders at regular intervals. 

To test the compression in a cylinder, Vemove the 
spark plug and replace it with a standard compres¬ 
sion gauge. Then with the ignition switch off and 
pet cocks in all cylinders closed, crank the motor, 
using the electric starter. At cranking speed with 


the engine cold, the gauge should register 75 pounds 
plus or minus 3 pounds with the throttle wide open. 

A change in the setting of the cam shaft Is 
possible only by removal or disarrangement of the 
front end chain. Adjustments to the chain do not 
affect the valve timing. 

In resetting the cam shaft, the arrows on both 
the crank shaft and cam shaft gears should point 
directly upward and should be in line with the 
arrow on the front end cover face of the engine. 
In this position, the inscription on the fly-wneel, 
* ‘Exhaust closes 1 and 6-R,” will be on the top 
dead center line of the engine, which is the cen¬ 
ter between the two cylinder blocks, and Ne. 1 
right piston will be in the firing position. 

The main and connecting rod bearings are of the 
babbit-faced bronze type. The bearings are set 
with a .0015 to .002-inch clearance and are conse¬ 
quently flooded with a film of oil between the shaft 
and the bearing surface, making adjustment for 
wear necessary only at long intervals. 

To grind the valves disconnect carburetor inlet 
manifold and spark plug connections and remove 
cylinder heads. 


CHART NO. 391—Packard Engine, Front View. 
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PACKARD SUPPLEMENT—GASOLINE SYSTEM, 


Gasoline System. 

General principle: The supply of gasoline is carried in the tank at the rear of the frame. The gaso- 
line is supplied from the tank to the carburetor by air pressure provided by an air pump attached to the 
engine front end cover and driven by the forward extension of the generator shaft. 

The carburetor is mounted above and between the cylinder blocks and receives the heat generated by 
the engine, which assists in the vaporization of the gasoline. 

The gasoline tank is located on the rear of the frame. The capacity of the tank on all models is 
twenty gallons, including about a three-gallon reserve. 


A three-way valve located on the top of the gasoline tank connects with outlet pipes leading to each 
side of the tank. Turning the valve handle to the right permits the gasoline to be completely drained from 
the right side of the tank and vice versa. 

When gasoline has ceased to flow, turn valve handle to its opposite extreme regardless of the previous 
running position in order to obtain the reserve supply. Turning the handle straight up, shuts off the gasoline. 

Caution: If gasoline tank has been completely drained and is replenished with less than live-gallon 
supply, turn the valve handle to the left, which is the side of the tank which receives the first three to llva 
gallons. Otherwise, the gasoline will not flow. 



Air pressure for supplying gaso¬ 
line to the carburetor is furnished 
by an air pump attached to the 
crank case front end cover, and 
driven by an eccentrio mounted on 
the generator shaft. 

The air is drawn from outaide 
the crank case and forced under 
pressure to the gasoline tank. To 
increase the pressure, remove the 
plug at the top of the pump cyl¬ 
inder and unscrew the smaller plus 
at its base. To decrease the pres¬ 
sure, the small plug should • be 
screwed down. 

The hand or auxiliary pump on 
the instrument board provides a 
means of obtaining initial air pres¬ 
sure before the engine is started, 
providing the gauge on the dash 
shows that there is no air pressure 
in the gasoline tank. 

To obtain pressure by hand, un¬ 
screw the handle to the left. When 
plunger is free, operate pump un¬ 
til pressure shows on the gauge. 
Do not pump higher than 2 % 
pounds pressure. 

If the gasoline gauge does not 
respond to the hand preaaure 
pump, it is probably caused by the 
tank outlet valve being shut off. 

Caution: When through operat¬ 
ing pump, push plunger in and be 
sure to lock it in place by screw¬ 
ing plunger handle to the right. 

The plunger leather of the pump 
should be oiled occasionally with 
neat's-foot oil. Mineral oils im¬ 
prove the operation of the pump 
only temporarily and tend to dry 
up the leather. 

A gasoline pressure gauge on the 

instrument board is connected di¬ 
rectly with the supply line at the 
gasoline strainer housing. The gauge 
indicator should show from 1H to 
2% pounds pressure when the en¬ 
gine is running. 

If the pressure gauge Indicates 
that the pump is not g 

the proper pressure in the tank, 
proceed as follows: 


I 


Inspect gasoline tank filler cap, 
seat and gasket to make sure that 
they are In good, clean condition 
and free from nicks. 

Be sure that the filler cap is 
tightly seated. If the trouble is 
not found by the above method, 
examine all connections on the air 
pressure and gasoline supply linos 
to make sure that there are no 
leaks. A good method of locating 
leaks in the air line is to put 
pressure in the tank and go over 
the line carefully with soap suds. 

If it is determined that all pipes 
and connections are absolutely air 
tight, raise the air pressure by ad¬ 
justing the pump as described 
above. 



I 


TABT NO. 892—Diagram of Gasoline Pressure System. 
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1 

2 
8 

4 

6 

e 

7 

8 
9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 
21 



Carburetor to inlet manifold screw. 
Carburetor to inlet manifold gasket. 
Carburetor to inlet manifold screw lock 
washer. 

Carburetor throttle valve shaft assembly. 
Carburetor throttle valve lever. 

Carburetor throttle valve adjusting screw. 
Carburetor throttle valve adjusting screw 
lock nut. 

Oaiburetor float chamber needle valve cap. 
Carburetor float chamber needle valve. 
Carburetor float chamber needle valve collar. 
Carburetor float balance weight pivot. 
Carburetor cover screw. 

Carburetor float balance weight. 

Carburetor float assembly. 

Carburetor float chamber needle valve seat 
gasket. 

Carburetor float chamber needle valve seat. 
Carburetor float chamber inlet tube elbow. 
Carburetor float chamber Alter well gasket. 
Carburetor /Boat chamber Alter well. 
Carburetor spray mixing tube. 

Carburetor spray tube gasket. 


22 Carburetor spray tube assembly. 

23 Carburetor body plug. 

24 Carburetor body plug gasket. 

25 Carburetor float chamber vent tube assembly. 

26 Carburetor float chamber vent tube union nut. 

27 Carburetor vent tube union tee. 

28 Carburetor air shutter. 

29 Carburetor body. 

80 Carburetor air intake elbow. 

81 Carburetor air valve seat gasket. 

82 Carburetor air valve seat stud, short. 

38 Carburetor air valve cam collar. 

34 Carburetor air valve seat. 

35 Carburetor air valve assembly. 

86 Carburetor air valve spring, small. 

87 Carburetor air valve spring, large. 

88 Carburetor air valve spring cap assembly. 

89 Carburetor air valve adjusting nut lock nut. 

40 Carburetor air valve adjusting nut. 

41 Carburetor air valve spring (small) adjust* 

ing nut. 

42 Carburetor air valve spring (small) adjust* 

ing nut lock washer. 


Explanation of Carburetor Air Valves. 


The primary air Intake elbow (80) is at the front 
end of the carburetor. 

The elbow contains a shutter (28) which is nor¬ 
mally open and not in use when running. 

This shutter Is operated by the carburetor con¬ 
trol on the Instrument board, which also operates 
the auxiliary air valve. 

By pulling the control all the way out, the pri¬ 
mary air intake is completely closed, allowing a very 
rich mixture to be drawn into the cylinders. The 
control should be pushed in, at least part way as 
soon as the engine has started firing. 

The auxiliary air valve (84 to 42) is in a hous¬ 
ing forward of the mixing chamber and is controlled 
by the tension of two springs, one of which is 
within the other. 

At low engine speed most of the air is admitted 
through the primary air intake around the spray 
nossle. 

To prevent too rich a mixture at a greater throt¬ 
tle opening, the auxiliary air valve is opened by 


the increase in vacuum, admitting the right propor¬ 
tion of air to meet all conditions. 

Changing the tension of the springs will affect 
the amount of air passing through the auxiliary air 
valve. 

Adjustments of the auxiliary air valve are made 
by changing the tension of the air valve springs (86 
and 87). These springs which control the action of 
the valve are adjusted by means of cams placed be¬ 
neath them and operated by the air valve control on 
the instrument board. 

The proper adjustment for normal running con¬ 
ditions is obtained when the control on the instru¬ 
ment board is in No. 4 notch. Adjustments for 
atmospheric conditions and starting the engine may 
be made by pulling out or pushing in the control 
the required number of notches. To enrich the 
mixture, pull the control out, pushing it in provides 
more air. 

Caution: In warm weather or if the engine is 
warm, the mixture may be so rich if the knob Is 
pulled out that the charge will not ignite and the 
surplus of unburned gasoline may interfere with 
the proper lubrication of the cylinder walls. 


OHABT NO. 898—Packard Carburetor. 

♦flee alse page 850 41 Auxiliary Air Valve." 
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10 


19 


87 


86 


1 Interrupter spring. 

2 Interrupter lever assembly. 

8 Interrupter contact screw. 

4 Interrupter lever contact. 

5 Interrupter contact screw bracket. 

6 Resistance wire. 

7 Interrupter screw bracket stud nut. 

8 Spiral gear oiler. 

9 Top cover screw. 

10 Grounding screw. 

11 Distributor brush holder assembly. 

12 Distributor brush. 

18 Distributor brush shaft spring, 
right. 

14 Distributor head spring clip. 

15 Condenser cable, short, assembly. 

16 Condenser, right, assembly. 

17 Governor link. 

18 Governor weight assembly. 


Yoke collar. 

Distributor head, right. 
Distributor head brush. 

Gear shaft cover plate. 

Cover plate screw lock washer. 
Advance yoke cover plate. 
Advance yoke cover plate screw. 
Advance lever. 

Advance lever spacer. 

Condenser stud. 

Condenser cable, long assembly. 
Distributor high tension terminal 
nut. 

Distributor brush shaft gear. 

Low tension terminal stud nut. 
Top cover plate assembly. 
Interrupter bracket insulator. 
Interrupter contact screw lock nut. 
Interrupter cam. 


Ignition Interrupter* 

The twin Interrupter 
or breaker, at the top 
of the distributor unit, 
completes the low tea* 
sion circuit when the 
breaker points are in 
contact. When the points 
separate, the instantane¬ 
ous clearing of the low 
tension current from the 
primary' winding of the 
coil, induces a high ten¬ 
sion current in the sec¬ 
ondary winding, which 
surrounds the primary 
winding. 

This high tension cur¬ 
rent is then conducted 
to the cylinder spark 
plugs through the dis¬ 
tributor leads. 

The breaker or Inter* 
rnpter mechanism con¬ 
sists of a separate set 
of breaker points for 
each low tension circuit. 
These are operated by a 
single three-lobed cam 
(86) mounted on the top 
of a vertical shaft which 
is driven at crank shaft 
speed. l%is causes each 
low tension circuit to 
be broken three times to 
each revolution of the 
crank shaft. 

Arcing across the con¬ 
tact points when they are 
separating is minimised 
by the use of separate 
condensers (16 and 28) 
for each set of breaker 
points, located in the 
rear side of the ignition 
timer and distributor 
housing. Indirectly these 
condensers also serve te 
intensify the high ten¬ 
sion current wave. Re¬ 
sistance Units (6) in 
both low tension circuits, 
and located on either 
side of the common 
ground return terminal 
on the timer housing 
serves to keep the low 
tension current down to 
the proper rate of flow. 

High Tension 
Distributors. 

Separate high tension 
distributor heads are 

S rovided for each cylin- 
er block. These are 
mounted on either side 
of the ignition apparatus 
housing and are oper¬ 
ated by rotors on a cross 
shaft driven from the 
vertical timer shaft (see 
page 858). 

Firing Order. 

The firing order in 
each block is 1; 4; 2; 
8; 8; 5; the impulses 
-alternating between the 
two blocks. Numbering 
the cylinders in succes¬ 
sion. beginning with 
number one at the front 
of the right block, the 
firing order would be 
1R; 6L; 4R; 8L; 2R; 
5L; 6R; 1L; 8R; 4L; 
5R: 2L; the R and L 
designating the right and 
left cylinder blocks, (tee 
pare 185 for 1917 Pack¬ 
ard firing order.) 
Interrupter lever block. 
Interrupter cam nut. 
Interrupter lever stud. 
Bearing oiler. 


xo. 394—Packard Ignition Unit. Interrupter and Distributor. Packard-Delco System. 

877 and 378 for general principle of the Delco single timer. See also page 135 for 1917 Packard 
mlng—see pages 850 and 135. 






















ELECTRIC WIRING DIAGRAM. 


8N 



♦Packard Electric System. 


Packard wiring diagram. See also page 858, 


Battery and Generator. Pose Board. 


▲ 6 volt storage battery of 120 ampere hour ca¬ 
pacity supplies current for lights and ignition when 
car is running at low speeds. The positive pole is 
grounded. Negative terminal connects with starter 
motor. 

The generator charges the storage battery and 
supplies current for lights at higher speeds. 

Generator regulator is located on top of genera¬ 
tor. It is provided with three split pins which fit 
into the three terminal tubes on top of the gen¬ 
erator body. This regulator box contains an auto¬ 
matic *‘cut-out** which opens the circuit between 
generator and battery at low speeds. 

The generator regulator keeps a constant elec¬ 
trical pressure or voltage, slightly higher than the 
voltage maintained by a fully charged battery, this 
pressure being maintained regardless of speed. 

The voltage being constant, the current gener¬ 
ated naturally varies, being small when the bat¬ 
tery is fully charged and increasing as the lights 
are turned on or the battery is partially discharged. 
The disconnect switch should be reversed every 
1,000 miles in order to keep the points clean on the 
automatic switch. 

The Bijur system Is an electrical system with a 
polarity reversing switch. In this system, if we 
assume the generator to be at rest, then the re¬ 
versal of the polarity reversing switch actually re¬ 
verses the battery connections at the point where 
the generator charging lines leave the voltage regu¬ 
lator. When the generator starts to revolve it 
builds up a potential in the same direction that it 
had before reversal. At the instant the automatio 
switch closes, the battery voltage predominates and 
the momentary discharge reverses the shunt held 
an<^ at the same time the battery current through 
the armature reverses it so that the polarity of the 
generator is reversed. As the connections between 
the battery and generator have been reversed through 
the polarity reversing switch, the generator charges 
the battery in the proper direction. 

Electric Starter. 

Starting motor is the Bijur automatic gear shift 
principle explained on page 328, and illustrated on 
page 858. Note fly wheel drive for starting. Starter 
switch is attached to top of crank ease. Button 
protrudes through the board. It is operated by 
foot. One tormina,1 is grounded. Other connects 
with battery, but by a terminal on starting motor. 

location rtf nurfa i«a illnatratinna nn th. 


All lamp circuits and horn circuit pass through 
the fuse board on the front side of dash. When 
lamps or horn fails, examine fuses. If fuse is o. k. ( 
then look for loose wires. Fuses are glass tube 
type. If fuses continually blow look for a short 
circuit causing it. 

Ammeter. 

The ammeter is located on the instrument board. 
It is connected between the generator and battery 
through the switch; thus, with the engine idle, the 
ammeter does not indicate, whether the lights are 
on or off. Should it register to the left of sero 
with the engine idle, remove the disconnect plug 
from the regulator, to prevent discharging the bat¬ 
tery. When the engine is running the ammeter 
registers the amount of charging current passing 
from the generator to the storage battery and lights. 
If ammeter fails to register when engine is running 
about 750 revolutions or over 20 miles per hour, 
look for loose connections or broken wires between 
generator and battery, also see that generator com¬ 
mutator is clean and that brushes are making good 
contact If ammeter shows a high current con¬ 
tinuously of 25 or 30 amperes it indicates a heavy 
ground or short circuit in wiring or battery. 

Disconnect the battery to prevent discharging 
and examine wiring for short circuits. 

Electric Lighting. 

All electric light appliances derive current through 
large cable leading from battery to starting motor, 
the other end of both lighting system and battery 
wires being grounded to complete the circuit. 

Lamps—see page 434 for voltage and candle 
power of bulbs. The Ediswan base with single con¬ 
tact, page 483. 

The tail and license lamp is so wired that it can 
either be turned on by a switch on the control board 
or by a revolving switch at the back of lamp. 

In states (as Illinois) requiring the tail lamp to 
be turned on and off at the lamp, the connecting 
strap (A) on the fuse board should be connected 
to the terminal (O). In this case the circuit is 
controlled by the body light fuse, and the instru¬ 
ment board light by the tail lamp fuse. 

Auxiliary headlights are smaller than the head¬ 
lights. They are placed in front, to be used in 
place of headlights. The headlights are 24 c. p., 7 
7 volt and the auxiliary headlights are 6 c. p., 7 
volt. See diagram of wiring. They are sometimes 
called dimmer lights. 

if n.A.a a# Pa.lr.tul Qnnnl Am .nt 







PACKARD SUPPLEMENT—ELECTRIC SYSTEM. 


• m 

act « ta 


a *9 jo • 
8 2~ o 


- Hj |U 

+* m 9m E 

*!= <^5% 


9 o> 


.53 3 


3a 


- ._ - ?. "3 
^'v C* 3 


k * 


11 


1S53. 

Jill! 


2 9 


i-ipsi 

®®=T3 »fl 

3-sS- **E 


SSfSI 


a o 


3 ^ 

"•sa a-s 


ft® 


n 


'S3 


« m o 

s e.Sfe 


■o.= 


<9 m 


iS^3a 
9.2 * • a S 
13* • • 2 


g3g j; 

o- ° tr 


— © ® 


^ B --e • 
. ®js5i*g 

aS-°'3.o* * 

^gsl^*2o 


OHABT NO. 895—Wiring View of Packard Electric System. Deleo Ignition. Bijur Electric sys¬ 
tem otherwise. Black wires above are starting and lighting wires. Light red, low tension igni¬ 
tion and heavy red. high tension ignition. 
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CHABT NO. 806—Packard Engine Lubrication System. Oil Pump and Belief Valve. 


ENGINE LUBRICATION. 
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Principle Of lubrication is farce feed and is simi¬ 
lar to the system described on page IS a (King), 

Oil pump (see illustration below) is of the gear 
type. It ia located at the lowest point of the oil 
pan and forces oil through a feed pipe to main oil 
distributor manifold, which is attached to the crank 
■haft bearing caps. Bee illustration above. 

The pump Is driven by a spiral gear on the cam 
abaft. It can be removed for inspection by remov¬ 
ing nuts holding it. 

The oil relief valve is contained in the pump body. 


1 Oil pump driving impeller assembly. 

2 Oil pump body to base acrew, long. 

8 Oil pump body. 

4 Oil pump base. 

6 Oil pump driven impeller assembly. 

6 Oil pump driven impeller shaft. 

7 Oil pump base plug. 

8 Belief valve spring adjusting screw. 


It is controlled by the tension of a coiled spring 
which should be set to maintain a pressure of from 
20 to 25 pounds with the engine warm and running 
at a speed of about 1,000 r. p. m. F which ia equiva¬ 
lent to a car speed of approximately twenty-five 
miles per hour, and with a minimum pressure of 5 
pounds at 300 r p r m. The inlet to the relief valve 
is connected with the pump discharge passage, and 
any excess pressure causes the valve to open and al¬ 
lows the oil to return to the inlet side of tbe pump. 

To raise the oil pressure, remove the plug from 
the bottom of the pump housing; loosen the jamb 
nut ou the adjusting stud and increase the spring 
tension, by turning 
the adjusting screw 
clockwise with a 
screw driver, until 
the proper pressure 
is obtained. 

To lower the pres¬ 
sure, the spring ten¬ 
sion should be de¬ 
creased. Be sure jamb 
nut is screwed up 
tight before plug is 
replaced. 

If tbe oil pressure 
drops below norma] 
when the crank case 
oil supply La up to 
the proper level, the 
cylindrical strainer 
should be removed 
from the crank case 
and cleaned. It should 
also be cleaned when¬ 
ever the supply of 
oil in the crank case 
is changed. This can 
be done by removing 
the smell plate from 
the right hand side 
of the crank case 
lower half, bearing 
the inscription, “re¬ 
move end disconnect 
oil manifold before 
taking off lower half 
of crank case." 


9 Adjusting screw lock nut. 

10 Baee plug gasket. 

11 Relief valve spring cap gasket. 

12 Relief valve spring cap. 

13 Relief valve spring. 

14 Relief valve. 

15 Body plug. 
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Water Cooling. 

Radiator: ribbon tube type, Got® 
through which water passes ii in* 
dependent of outer shell and can 
be removed for repairs. 

Vent tube permits escape of 
■team or surplus water. The emia 
■ion of steam indicates low water 
supply, overheated engine or frozen 
radiator. 

Pomp is centrifugal type driven 
by generator shaft. There are two 
impellers in pump, each supplying 
a tingle block. Pump outlet to left 
is through crank case. Adjustable 
gland nut on 
front and of 
pump abaft 
permits pack 
mg to be kept 
tight. 


Cylinder Inlet manifold la 
cored for water outlet 
from cylinder Jackets 


u* = 

2 * P 
* 

Radiator £ 

inlet tube «,£ 
boa* 



Drain cook 


How The Water Circulates. 

The water is drawn from the bottom of the radiator by the 
double impeller pump and is distributed through the m an i folds 
to each of the cylinder block water Jackets. The outlet from 
the cylinder water jackets !■ through the cored water passage 
surrounding the gas intake header, which connects the cylinder 
blocks and thence through the tube leading to the top of the 
radiator. 

The purpose of the water jacket surrounding the gu inlet 
manifold is to furnish heat to assist in vaporising the gasoline. 

♦Packard Water Thermostat 

Located In the upper tank of the radla- 
tor, by-passes the water to the inlet side 
of the pump until it has reached the 
proper temperature to permit efficient 
running of the engine. 

A by-pass tube connects the thermo¬ 
stat housing with the inlet side of the j 
water pump. Valves controlling the eu- | 
trance to the radiator and the by-pass L 
tubs sre carried on a shaft actuated by 
the action of the thermostat sylphon. 

Normally when the water !■ cold, the radiator 
valve is closed and the by-pass inlet valve is open, 
allowing the water to circulate through the cylin¬ 
der jackets snd back to the pump without entering 
the rsdiator. 


outlet tube 


Muto-meter 


Wig. 2—A 
sectional view 
of the ther¬ 
mostatic water 
circu 1 a t i n g 
system, show¬ 
ing the syl¬ 
phon and in- 
lei pipe to 
the left. 


As the water becomes heated, the expansion of 
the sylphon causes the radiator inlet valve to open, 
and at the same time closes the by-pass valve, mak¬ 
ing it necessary for all water to circulate through 
the radiator. No adjustment to the thermostat is 
necessary. 



Clutch and Transmission. 


Clutch: attached to the fly-wheel and enclosed 
in s housing bolted to the ersnk esse casting is a 
multiple disc clutch. It consists of two series of 
dry pistes which sre alternately connected with s 
casing sttached to the fly-wheel and with a spider 
on the clutch shaft. The cssing or driving pistes 
are faced with special friction material which con¬ 
tacts with the hardened and ground steel spider or 
driven plates. 


The clutch plates are held in contact by the ten¬ 
sion of a strong coil spring. Pressure upon the left 
pedsl compresses the spring snd allows the plates 
to separate slightly by sliding endwise on their re¬ 
spective keys, which connect the driving plates to 
the drum and the driven plates to the spider. 

Transmission is the uausl sliding gesr type, giv¬ 
ing three forward snd one reverse speed. See page 
498 for gear shift movements. 


CHART NO. 807—Packard Water Circulating System. 

*See page 130 for Cadillac water thermostat snd pages 167 and 191. See page 730 for Oadillsc condensing system. 
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INSTRUCTION No. 50. 

DICTIONARY—Meaning of Motoring Terms. 

Note:—If the Dictionary does not give the meaning, or if a description is desired,—see index for 
the subject. 


A 

Accumulators—A set of secondary cells—also 
called storage batteries,—containing positive 
and negative plates, and filled with electrolyte. 

•• Actual*’ horsepower is the amount of power 
that would be available if there was none ab¬ 
sorbed by friction within the engine itself, and 
the total energy of the explosion was trans¬ 
mitted without friction or other losses to the 
engine shaft. 

"Advanced" spark lever—see page 61. 

A. L. A. M.—Means Associated Licensed Automo¬ 
bile Manufacturers. Now known as S. A. £. 
(Society of Automotive Engineers). 

Alternating current—A current changing its di¬ 
rection of flow, or "alternating" backwards 
and forwards. TTie number of complete alterna¬ 
tions are known as the cycles. Out on page 
266 shows just one cycle. 

Aluminum—This metal, the chief characteristic 
of which is its lightness, is not generally used 
in its pure state, but is alloyed with a small 
proportion of sine; sometimes, for special re¬ 
quirements, a small quantity of copper and 
manganese are added. 

Ampere—The practical unit denoting the quan¬ 
tity of electricity. See page 207. 

Ammeter—An instrument that indicates amperes 
or rate of current flow. 

Ampere-hour capacity of a battery—is a term 
used to express the amount of current that can 
be gotten out of a battery of a given sise. 
An actual 50 ampere-hour accumulator should 
be capable of giving 1 ampere for 50 hours, 
2 amperes for 25 hours; but the ratio becomes 
disproportionate as a higher rate of current is 
taken from the cell. 

Annealing—Softening of iron. By placing it in a 
fire and getting it red hot and then permitting 
it to cool without water it softens. 

A nnu l ar ball bearing—see page 588. 

Asbestos—This material is of mineral origin (large 
quantities come from Canada). In its natural 
state it is fibrous and somewhat brittle. As 
it resists great heat, it finds considerable ap¬ 
plication in motor work for engine jointing in 
the form of packing washers (of copper sheet 
and asbestos). Asbestos cord is used for cov¬ 
ering exhaust pipes where these pass through 
woodwork, etc. Worked up into a fabric with 
brass wire, it is largely used for brake-band 
linings and clutch covering, as it cannot be 
burnt out by excessive friction. 

Avlatrix—Feminine for Aviator. A woman who 
operates a flying machine. 

B 

Ballast resistor—see page 847. 

Back-pressure—Term applied to restricted exhaust 
discharge. Unless muffler is of sufficient sise 
there will be back pressure, and the exhaust 
will not be discharged as rapidly as it should. 

Basel—The groove in which the glass cover of 
speedometer or clock is fitted, (see page 512, 
upper right hand illustration.) 

Bore and stroke—see page 81. 

B. H. P.—Brake horsepower—Measurement of 
horsepower of an engine of actual net work of 
the engine or horsepower delivered at the 
shaft, (see page 536.) 

British Thermal Unit, or B. T. U.—The amount 
of heat required to raise the temperature of 1 
lb. of water 1 degree Fahr. (at its maximum 
density, which is at 39.1 degrees Fahr.) This 
expression is much referred to in the study of 
the value of various fuels for engines: thus 
petrol ranges about -20,000 B. T. U. per lb. 

O 

Calorific value—This term is used with reference 
to various fuels, such as gasoline, bensol, 
paraffin, etc., and represents the effective heat¬ 
ing power per lb. in terms of British Thermal 
Units. One lb. of gasoline contains about 
19.000 b. t. u’s. 


Cam shaft—The shaft running through the engine 
which has the cams placed upon it at certain 
fixed positions. 

Carbon—One of the well-known non-metallic ele¬ 
ments. It is an excellent conductor of elec¬ 
tricity. As applied to tfce automobile refers 
to the carbon deposit which accumulates in the 
combustion chamber of an engine (see page 
623). In a hard state it works well as a con 
tact medium in conjunction with copper or 
brass, it is, therefore, largely used for the 
brushes of the magneto, and also for the 
brushes of car-lighting dynamos. Oarbon in 
its natural form of graphite is used as a lubri¬ 
cant for gearing. It is generally mixed with 
grease, and is supplied ready prepared by lu¬ 
bricant manufacturers. 

Carbonise—The deposit of carbon upon the points 
of the spark plugs and the various internal 
portions of engine cylinder and exhaust pas¬ 
sages. 

Cell—An electrical cell, is a vessel complete with 
its contents, and a number of these form a 
battery, or a set of storage batteries. Each 
cell must contain positive and negatve plates, 
and some form of electrolyte. 

Celluloid—A compound of camphor and gun-cot¬ 
ton. Its transparency and flexibility are its 
chief characteristics. Non-inflammable cellu¬ 
loid is now made for windshields. 

Chauffeur; pronounced * ‘Sho-fur. *'—Derivation, 
French, chauffeur, to heat. A chauffeur is a 
man in charge of a furnace or. boiler fire 
The first use of the word chauffeur was dur¬ 
ing the revolution of 1789, when bands 
of brigands heated "chauffeur" the feet of 
their victims in order to make them reveal 
the place where their money was hidden. 
The "chauffeurs" were stamped out during the 
Consular period. The word chauffeur was first 
applied to motor car drivers under the popular 
supposition that they had to tend a fire. On 
the French railroads the chauffeur is the fire¬ 
man; the engine driver is the mechanician. 

Chauffeuse—A woman chauffeur. 

Chassis; pronounced "chas-say."—Derivation, 
French; a frame in wood or metal; the frame 
work of a wagon; later the term was applied 
to the frame-work of a locomotive; then to the 
longitudinal and transverse frame members of a 
motor car. By extension it also designates the 
whole of the mechanical portion of a motor ear. 
More correctly, however, the word chassis should 
enly apply to the metal framework receiving the 
engine gearset and controlling mechanism. 

Change gears—The transmission or system of 
changing the gears in gear box. 

Chamfer—A small channel or groove cut in metal 
or wood; corner beveled off. 

Chock-valve—A stemless valve; one which permits 
the passage of a fluid or gas in one direction 
only. 

Circuit—The path of the electrical current; the 
conducting material, or wires. 

Circulating pump—Pump used to circulate the 
cooling water. Operated by the engine. 

Clutch—A device for connecting and disconnect¬ 
ing the engine from the transmission—usually 
placed in or on the inner face of the fly wheel 
rim. 

Clutch pedal—The foot pedal which connects and 
disconnects the clutch. 

Coefficient—A known quantity. That which co¬ 
operates with another variable or unknown 
quantity. 

Coil and battery system of ignition—In a battery 
the electricity is obtained by chemical means 
instead of mechanical means, as when a dynamo 
is used. The coil has nothing to do with the 
generation of the electric current, its function 
being to "gear up," intensify, or increase the 
pressure or transform the low-voltage primary 
current into a high voltage secondary current 
to enable a spark to be produced across the air 
gap of the plug points. 


Bee page 439 for Storage Battery Words and Terms. See page 698 for English-French Dictionary. 

By referring to index definition of many other words can be found. See page 907 for Airplane Gloasarv. 
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Combustion space—The space between the end 
of piston (when on upper dead center) and 
head of cylinder. That portion over the valve 
is also included, (see page 54.) 

Compression—A term implying that the explosive 
charge of gas and air drawn into the cylinder 
on the suction stroke is subjected to a strong 
squeesing effect on the next stroke. The charge 
is pressed into a space about one-flfth the 
volume or space of that occupied by it on the 
suction stroke, equaling 80 lb. to 90 lb. pres* 
sure per square inch. 

Compensating Air wive—Also termed auxiliary 
air valve; a valve which counteracts the tend* 
ency of an over rich mixture as the speed in* 
creases. 

Compensating Gear—see “Differential." 

Compression tap or cock—A small tap placed at 
the upper end of the cylinder, which can be 
opened to relieve the compression, to make 
cranking easier. 

Concentrlo—The opposite of eccentric.—(see foot 
note page 146.) 

Condenser—An important part in a spark coil or 
high tension magneto, (see page 229.) 

Conductor—A material along which electricity 
will readily flow, such as copper, platinum, steel, 
and, in fact, ail metals. Silver is the best 
conductor, but copper is only very slightly in¬ 
ferior. Carbon is a non*metallio element, but 
an excellent conductor much used in magneto 
construction for the brushes. The wires or 
cables of the ignition circuit are sometimes 
referred to as conductors or "leads." 

“Contact breaker"—The interrupter on a mag¬ 
neto. Also applied to the interrupter arrange¬ 
ment on the “make and break" igniter. 

Contact-screw—The small screw, having a platinum 
point, against which the trembler vibrates. 

Contact sector—One of the Sectors in a timer 
or distributor, (see (U) flg. 2, page 270.) 

Continuous or direct current.—This implies that 
the current flows in one direction. The direct 
opposite of alternating current. 

Current—The flow of electricity. 

Cut-out, Muffler—A valve opening into the ex¬ 
haust pipe at a point between it and the 
muffler when opened permits the exhaust 
gases to escape through it directly into the 
atmosphere instead of being forced through the 
muffler, (see page 84.) 

Cylinder en bloc—The cylinders cast together in 
one piece. 

Cylinder priming cock—Same as compression re¬ 
lief cock. Usually placed in the head of the 
cylinder for injecting gasoline. 

D 

Dead rear axle—A rear axle that does not turn. 
Type usually used on double chain driven cars. 

Demountable rim—A form of rim that can be 
taken off the wheel without deflating the tire. 
Differential gear. See page 86. 

Direct current—Electric current where the cur¬ 
rent flows continuously in one direction. Unlike 
“alternating" current—the opposite. 

Distributor or Distributer—A special form of ro¬ 
tary switch, which directs the high tension cur¬ 
rent to the various spark plugs. 

Dry battery —Called dry cells or primary cells. A 
series of primary Cells which do not contain 
liquid electrolyte. 

Dynamo—A generator of electricity. The dynamo 
is usually used on a motor car to light the 
electric lights and to recharge storage batteries 
and in some instances furnishes current for 
the ignition. 

E 

Barth connection, or “ground"—An Inaccurate 
term when applied to the electric circuits of a 
motorcar. The car is insulated from the road 
by the tires, hence the “earth" is not used 
at all. What is meant is that the framework of 
the car is used as a return conductor so as to 
dispense with some of the wires. 

B. H. P.—Electric Horsepower. 746 Watts. 

Electrode—The insulated part placed in the ig¬ 
niter of a low tension system of “make and 
break" ignition. The center rod of a spark 
plug, (see flg. 2, page 218 and fig. 1, page 216.) 

Electric ignition—Any form of ignition by which 
the mixture in the combustion chamber is 
ignited by means of an electric spark. 


Elements—See flg. 9, page 446. 

Electro-magnet—Any piece of metal (usually iron 
or steel) that is magnetised electrically. Tko 
opposite of a permanent magnet. 

E. M. F.—Electro Motive Force. The voltagm. 
The pressure. Tension. 

En-bloo—Cast in one piece. 

E. P. M.—Explosions per minute of a gasoline 
engine. 

Exhaust box—See muffler and silencer. 

F 

Field—The seat of magnetic flow, between the 
pole pieces of a generator or motor. 

Fierce clutch—See page 661. 

Flash point—See page 201. 

Fly wheel—A heavy wheel rotating without con¬ 
tact with anything save its axle, by the mo¬ 
mentum of the periphery of which, an even 
running of the engine is obtained. 

Flux, magnetic—Lines of magnetic force, that 
pass or flow through a magnetic field, (see 
page 267. Also for welding, see page 719). 

G 

Galvanometer—An instrument for measuring the 
presence, extent, and direction of an electric 
current. 

Garage; plural, garagee—Derivation, French. The 
word has been taken bodily, pronunciation and 
spelling, from the French language, in which 
it is a variation of the word gare, a station or 
terminal for either railway trains or boata. 
Garage, as a noun, means, in both French and 
English, a place in which motor cars are kept 
ana is sometimes applied to shops wherein 
motor cars are repaired. The verb, to garage, 
means the act of putting a car in the garage 
building. Pronounced with the final g soft, the 
final a open and the accent upon the last 
syllable. 

Gasoline or gasolene—(English, gas; Let. al 
(earn) (oil). A light grade of petroleum. 

Gear box—See transmission. 

Gear ratio—The number of revolutions of the 
engine made for one revolution of the road 
wheels—this depending on which "speed" or 
gear is in use. Thus the high speed gear ra¬ 
tio may be 4 to 1, i. e., four revolutions of 
the engine to one of the road wheels. 

Gear set—The transmission. 

Governor—A device to regulate the speed. 

Ground—Connection of electric wiring to frame 
of car or metal part of engine. The term was 
originally derived from the fact that with tele¬ 
graph and telephone systems one wire was used, 
which was insulated from the ground. The 
other, or return wire to complete the circuit, 
the ground was used. A piece of wire was at¬ 
tached to an iron pipe and driven deep into the 
ground at each end of the circuit. This same 
principle is used in automobiles. One wire is 
insulated from the frame or metal part of ear 
The frame is used as the return wire. 

Gudgeon pin—The wrist pin also referred to as 
the piston pin, the latter being correct term to 


Half speed shaft—The small ahaft, revolved at 
one-half the speed of the crank shaft by means 
of any suitable gearing—the cam shaft. 

High gear—-Combination of gears ordinarily used 
in running. The highest ratio of gearing—on 
some cars 2% to 1. others 8 to 4H to 1. 

High tension and low tension—See page 218. 

Hydro carbon engine—A gasoline engine. 

I 

Idling—Refers to engine when running slow, and 
car is standing still. 

Ignition cam—The small cam on the half-speed 
shaft which either causes a make and break of 
the current, or is notched to receive the nose of 
the trembler in timers of the mechanical vibra¬ 
tor type, (see flg. 2, page 220.) 

Igniter has various meanings. On “make and 
break" ignition the part that makes the spark. 
On high tension it sometimes means the spark 
plug and others call the "commutator* * or 
"timer" the igniter. The correct meaning 
should be the part that Ignites the gas. 

Increments—Gradual increase or increasing a 
specified amount. • 
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4 'Indicated'* horsepower or I. H. P. is measured 
by taking an indicator diagram which shows the 
pressure of the explosion in pounds per square 
inch. From this the mean effective pressure 
during the stroke can be calculated. 

Induced current—The momentary current set up 
in a circuit, by the the proximity of wires con* 
▼eying the primary current, but not connected 
with those wires. 

Induction—An influence exerted by an electrical 
charged body, or by a magnetic field or neigh¬ 
boring bodies without apparent communication 
or connection. 

Induction coll—A step-up transformer. An ap¬ 
paratus through which the primary current is 
made to pass close to the secondary wires, thus 
setting up the induced, or high tension cur¬ 
rent. (see page 221.) 

Inductor—See pages 256 and 265. 

Intensify—To increase, to render more intense— 
to intensify the voltage (pressure) means te 
increase the voltage. 

Inlet Waive cage—A housing used over an inlet 
valve, (see figs. 2 and 8, page 90.) 

Inspiration—Means the same as "suction** or 
"intake** as, suctidn stroke, intake stroke^ or 
inspiration stroke. 

Insulation—The protection of wires, or leads, by 
some suitable material which is a non-conductor 
of electricity. 

Insulator.—A material through which electricity 
cannot flow, for instance, porcelain, mica, India 
rubber, fibre, vulcanite, glass, celluloid, paraf¬ 
fin-wax, silk, shellac, steatite, slate, etc. 

<4 Int.'*—When found stamped on a coil or ter¬ 
minal, means interrupter connection. 

Integral—The whole made up of parts. 

Intensity coll—See "Induction Ooil." 

Intermediate gear—Combination of gears inter¬ 
mediate in power and speed, between the low 
gear and the high gear. 

Intermittent—Applied to a cam on the engine, 
meaning that the motion is not steady but at 
intervals. 

Internal combustion engine—See page 58. 

J-K. 

Jump spark—A spark which jumps from one 
terminal of the secondary coil to the other, (see 
induction coil.) 

Jump spark coll—Another name for induction coil, 
spark coil or high tension coil. 

Jump spark plug—A plug used with the jump 
spark system. 

Kilometer—1000 meters or % of a mile. 

Kilo-watt—1000 watts or 1% horsepower. 

L 

Laminate—-Built up of thin plates of metal, as 
shims or a "laminated core in magneto arma¬ 
ture." (see fig. 6, page 258.) 

Lapping—A term applied to the operation of grind¬ 
ing in or fitting rings, pistons, etc. 

Limousine; plural limousines—Derivation, French. 
A motor car body with a permanent top pro¬ 
jecting over the driver and having a protecting 
front. The name was originally applied to a 
cloak worn by the inhabitants of Limousine, an 
old province of central France. It was later 
extended to the covering of a carriage, and then 
to one type of enclosed motor car body. At 
present, the term often is applied to a complete 
car having a limousine body, (see page 16.) 

Links of force—Imaginary lines, in the direction 
of which it is assumed that the lines of magne¬ 
tic attraction and repulsion pass or act. (see 
page 267.) 

Liners—Metal plates, usually very thin, placed 
betwen two halves of a bearing so that by tak¬ 
ing out a liner the bearing can be tightened. 

Live axle—Type generally used on shaft-driven 
cars. Axle turns. 

Low speed—The ratio of gearing in a transmission 
for running rear axle at the lowest speed. 

M 

Magneto—A device operated mechanically and 
driven direct from the engine and which gen¬ 
erates electric current but "alternating** in¬ 
stead of "direct.*' There are two forms; the 
low tension and the high tension. 

"Make and break** ignition—Low tension system. 
No spark plugs used. 


Manganese broxue.—Composed of copper, sine and 
manganese. It makes very strong and tough 
eastings. Forged front axles of this alloy are 
used on some American cars. 

Mechanical efficiency is the ratio between the 
indicated h. p. and the h. p. available for use¬ 
ful work at the engine shaft. 

Mechanician—A racing driver's helper. Also see 
page 594. 

Mechanical equivalent of heat.—This is repre¬ 
sented by the number 778, which is the num¬ 
ber of foot pounds of work equivalent to one 
British thermal unit. 

Mechanical valve—Applied to either the exhaust 
or inlet valves when operated by a cam or me¬ 
chanical means. The exhaust valve is always 
mechanically operated, whereas the intake is 
sometimes opened automatically by the suction 
of the piston. 

Mesh—Usually applied to the meshing of the 
teeth of two gears; for instance, the teeth of the 
large half time gear, in fig. 8, page 86, (G2), 
meshes with the drive gear (Gl) on the crank 
shaft. 

Misfiring—Term applied to missing of one of the 
spark plugs. 

Mono-block cylinders—Another name for en-bloo 
or all in one easting. 

Motor—The engine or motive power. Technically 
it refers to an electric motor and should never 
be used when referring to the engine. 

Iff 

Negative pole—Minus sign—The point to which 
the current returns after passing through the 
circuit. Designated thus: (—) 

Nickel*—Used in the form of an alloy with steel, 
vis., nickel-steel. For exhaust valve a high 
perecentage (20 to 25%) nickel steel is the 
most suitable material, as it effectively resists 
4 the intense heat and oxidising action of tne ex¬ 
haust gases. Nickel is now the standard ma¬ 
terial for sparking plug electrodes for the same 
reason. 

O 

O—A small (•) placed along side of a figure ex¬ 
presses degrees, see page 98 for meaning of 
degrees. 

Ohm—A unit of electrical measurement of resis¬ 
tance. The resistance an electric current meets 
in flowing through a conductor, is measured 
in ohms, (see page 207.) 

Oscillate—A pendulum like movement, see con¬ 
necting rod, page 645. 

Otto, or four stroke "cycle/* is an expression 
often used in connection with gasoline engines. 
It means that the power is developed during a 
complete cycle or four strokes, the principle first 
adopted in the Otto gas engine. The oomplete 
cycle comprises four distinct operations, one oc¬ 
curring at each half revolution of every stroke of 
the piston: thus (1) suction stroke, (2) com¬ 
pression stroke, (8) impulse or firing stroke, 
and (4) exhausting stroke. 

P 

Parabolic—Pertaining to, or formed like a para¬ 
bola. One of the conic sections. 

Periphery—That part of a wheel or disk farther- 
est from its center. The circumference. 

Pet cock—(also called relief cock and compres¬ 
sion cock)—A small valve usually placed in 
head of cylinder or on carburetor. 

Petrol—Gasoline. 

Phosphor-bronze—An alloy mainly consisting of 
copper and small proportions of tin, lead and 
phosphorus, the proportion of the latter being 
very small. It is a very tough, hard-wearing 
alloy. Largely used for engine bearings. 

Pinions—Gears that have the teeth cut right In 
the hub. • 

Platinum.—This very expensive metal (price rang¬ 
ing from $80 to $40 per os., according to 
the market) is used for the contacts of the 
magneto. It is practically infusible (it has 
a very high melting point) and non-corrodible, 
and thus effectively resists the burning and 
oxidising action of the electric spark. It is 
also used for the "leading in" wires of the 
electric bulbs used for car lighting, as its ratio 
of expansion (due to heat) is the same as 
glass. Sparking plug electrodes are, in a few 
instances, also made of it. Tungsten now ex¬ 
tensively used instead. 
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Porcelain—The insulating material of the spark 
plug. 

Poppet valve—The word poppet probably is a 
corruption of the name puppet applied to this 
type in England, on account of its resemblance 
to the popping up and down of the puppets in 
the old time Punch and Judy shows, (see llg. 
1, page 88.) 

Positive pole.—Usually indicated with a plus sign 
( + ) means the positive terminal, or wire from 
which the current starts in an accumulator or 
dynamo. The carbon terminal of a primary or 
dry battery is positive. 

Port—Openings in the cylinder for exhaust, inlet, 
water, or valves. 

Pre-Ignition—Ignition occurring earlier than in¬ 
tended. 

Primary battery—A series of either wet or dr) 
cells depending upon chemicals for the genera¬ 
tion of electricity, without charging from a dy¬ 
namo or other battery. 

Primary wires—The wires, or leads, conducting 
the primary, or low tension, current to the place, 
or places, where it is required for use. 

Propeller shaft—The drive shaft from transmis¬ 
sion to rear axle, (see page 50.) 

Q 

Quadrant—Usually applied to the quarter circle 
on which the spark lever and throttle lever is 
attached on the steering wheel. 

B 

Reciprocating—A back and forth movement ap¬ 
plied to the action of the pistons in the engine. 

Rectifier—An electrical device for changing alter¬ 
nating, into direct current. 

Resistor—(ballast)—(see fig. 8, page 848.) 

Retard—A decrease in the speed of. Usually ap¬ 
plied to “retarding the spark,” meaning to set 
the timer back so that the ignition will be later 
or slower. 

Rotary—Revolving motion; opposite of recipro¬ 
cating motion. 

Rotary valve—See page 188. 

B. P. M.—Revolutions per minute. 

Rubber.—For tire construction rubber supplies 
come from various parts of the world. Amongst 
the finest grades is the well-known “Para” or 
Brazil rubber. South America rubber, gener¬ 
ally is considered very good, but excellent sup¬ 
plies now come from Borneo, India, Oeylon, 
Federated Malay States, and, in fact, many other 
tropical lands. Pure rubber lacks certain im¬ 
portant physical characteristics indispensable 
for tires, such as stability under change of tem¬ 
perature. Pure rubber becomes soft under the 
influence of heat, and hard and brittle when 
subjected to cold. The process of vulcanization 
renders the rubber proof against heat and 
cold, and also renders it tough and resilient, 
so as to possess “life” and vibration absorbing 
properties. 

8 

Scored—Marred by ridges or grooves. Usually 
referred to in connection with cylinders, (see 
page 658.) 

Beats—That part of chamber upon which the valve 
rests. Applied to the valve in engine. 

Secondary battery—A storage battery. 

Secondary coil—The winding in which the high 
tension current is generated, which is quite 
distinct from the primary current. 

Short circuiting—Providing a shorter path; plac¬ 
ing a wire or other conductor, from positive 
to negative side, (see page 412.) 

Shunt—To turn aside or branch off. (see pages 
332 and 414.) * 

Silencer—See Muffler. 

Sleeve valve—See page 139. 

Spark—The spark which passes between the points 
of the spark plug. 

Spark coll—A coil through which electric current 
is passed and intensified, (see fig. 1, page 220.) 

Spark control lever—The lever on the steering 
column (usually the short one) attached to the 
timer, (see page 152.) 

Spark gap—A safety device on a magneto to pre¬ 
vent the armature windings being strained or 
short circuited owing to a faulty spark plug or 
wiring circuit, also applies to gap between 
points of spark ping. 


Starting crank—A crank for starting the angina. 

Starting plug—A small brass plug which fits into 
an opening on the dashboard and closes the 
circuit. When removed, the circuit is broken. 

Streamline body—See page 760. 

Stroke—Usually referred to as the stroke of an 
engine, meaning the length of the up and down 
motion of a piston. 

Stroke of engine—See Bore (and pages 548 te 

546.) 

Studs—Bolts, with threads cut on both ends, 
screwed into engine cylinders to fasten them 
to base, also used to fasten down cylinder 
heads, (see fig. 1, page 701.) 

Symbols—See pages 541, and 856. 

Synchronisation—To time two or more sparks to 
occur exactly at the same instant or at a similar 
period in a given cycle of operation, (see page 
232). 

T 

Tappet—A push rod connected between the cam 
and valve, (see fig. 2, page 92.) Also termed 
a plunger. 

Throw—Usually referred to as the crank, or the 
part where the big end of the connecting rod 
attaches to crank shaft. 

Tonneau; plural, Tonneaux—Derivation, French 
word meaning a barrel; a wooden vessel formed 
of staves and hoops and made to contain a ton¬ 
neau (1,000 kilogrammes) of oil. Later, a 
horsedrawn carriage, known in England' as a 
governess car, having a rear entrance A sim¬ 
ilar type of body was first applied to a motor 
car by M. Huillier, of Paris, and by reason of 
its resemblance to a barrel and to the horse- 
drawn tonneau already existing, was known as a 
tonneau. 

Torque—The word torque is a definite one and 
means the same whether referred to automobiles 
or any other piece of mechanism, and refers to 
the twisting or wrenching effect produced by 
the engine or motor. 

Touche—The small plug used in the switch to 
complete the electrical circuit when required. 
(French.) 

Transformer—Another name for a high tension 
coil. An electrical device for transforming 
the current from a low tension to a high 
tension. An induction or secondary or high 
tension, double wound, coil. 

Trembler—The small vibrating spring used for 
making and breaking tbe primary circuit of a 
coil, (see page 220.) 

Tube ignition—A small tube, usually ef platinum 
—having its outer end closed—is screwed into 
the combustion chamber. This tube is so placed 
that the flame of a blow-lamp, generally sup- 

R lied from a separate and small tank of gaso- 
ne, acts upon it and causes it to become in¬ 
candescent. Old method of ignition now oat 
of date. 

Tuning an engine—Extreme care and special ad¬ 
justment—as tuning up a car for a race, eta. 
Two-to-on# gear—The gearing—usually consisting 
of two-gear wheels, one having exactly double 
as many teeth as the other, also called “timing 
gears” and “halftime-gears.” 

V 

Valve-lifter—An additional lever by means of 
which the exhaust valve may be raised and kept 
out of action, thereby reducing the compression 
and preventing the creation of a vacuum with¬ 
in the cylinder, so causing the inlet valve to 
remain closed. Used extensively on aero and 
stationary gasoline engines. This term also ap¬ 
plies to a “valve spring lifter,” (see page 638.) 
Vaporiser—An early form of carburetor valve. 8eo 
page 141, fig. 1. The vaporiser is also a means 
of heating the fuel. 

Venturi—Applies to the mixing chamber of a car¬ 
buretor; Venturi shaped—(see page 152, figs. 
2 and 8.) 

Viscosity—The adhesive or glutinous characteristle 
of oils used for lubrication. 

W 

Watt—The unit of electrical power obtained by 
multiplying volts by amperes, (see page 207.) 
Wet-Oell—A battery using a liquid solution. 
White metal or anti-friction metal—An easily 
fusible alloy of lead, antimony, and tin used 
for "lining” re-metalling bearings. 
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Draw in the other side first—then th 

Valves—draw in the valve head in i 
116). Firing order we will say is 1, 

Valve springs are next, then valve sp 


farting down on power stroke (see page 


Cam gears should now be drawn, the piston was just starting down oh power 

stroke, No. 2 just starting up on co>ke. 



Valve guides are drawn next, 
then valve plungers; on the 
upper part of valve plungers 
place adjustment nuts. 

Lubrication system of the 

forced feed principle can now 
be outlined—the oil pump be* 
ing operated from the cam 
shaft. Show arrows pointing in 
direction of flow of oil. 

Ignition—a magneto of the high 
tension type* can be installed 
or a battery and coil system. 

If battery and coil system, place 
the ignition unit (as per page 
342) on the generator and place 
generator on the bracket (MG). 
Chains usually run the genera¬ 
tor—but in this case we will 
use gears. 

Connect up the wires from 
timer to battery (place a bat¬ 
tery below some where), con¬ 
nect cables from distributor to 
spark plugs for a firing order 
of 1, 2, 4, 3, 

Starting motor—place a start¬ 
ing motor using a Bendix drive 
(see page 342—and explanation 
pages 326-331) on the bracket 
(S)— connect this starter with 
battery and switch 

i llii stmt ions, pares 310 anti 266. 
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CYLINDER ENGINE—Draw in the Parts. 

id their purpose, this illustration and the one on the back have been provided. If the 
i below. 


























FORD ELECTRIC SYSTEM FOR ENCLOSED CARS. 864-A 

The F. A. Starting and Lighting System as 
• Installed on Ford Sedans and Coupee. 


Parts and Location. 

The starting and generator system is a two- 
unit tgpe and consists of the following parte: 
Generator, cut-out, combination switch, fuse, 
terminal block, ammeter, starting motor, stor¬ 
age battery, wire, headlamps with headlight 
bulbs and dimmer bulbs. The combination 
switch, ammeter, and priming button are 
mounted on a cowl. 

The Starting Motor. 

The starting motor is mounted on the left- 
hand side of the engine and bolted to the 
transmission cover. When in operation the 
pinion on the *Bendix drive shaft engages 
with tiie teeth on the flywheel, which is a 
ring gear with teeth cut in it and bolted to 
flywheel and held in place by the brass 
8crews which hold the magnets—see fig. 6, 
page 8€4B. 

When Starting Engine. 

The spark and throttle levers should be placed 
in the same position on the quadrant ah when 
cranking by hand, and the ignition switch 
turned on. Current from either battery or 
magneto may be used for ignition. When 
starting, especially if the engine is cold, the 
ignition switch should be turned to 41 bat¬ 
tery. * * As soon as the engine is warmed up, 
turn switeh bach; to 44 magneto. 1 ’ The mag¬ 
neto was designed to furnish ignition for the 
Model T engine and better results will be ob¬ 
tained by operating in this way. Special at¬ 
tention must be paid to the position of the 
spark lever, as a too advanced spark will 
cause serious back firing which in turn will 
bend or break the shaft in the starter. 

The starting motor is operated by a push but¬ 
ton, conveniently located in the floor of the 
car at the driver's feet. With the spark and 
throttle levers in the proper position, and ig¬ 
nition switch turned on, press on the push 
button with the foot. This closes the cir¬ 
cuit between the battery and starting motor, 
causing the pinion of the Bendix drive shaft 
to engage with the teeth on the flywheel, thus 
turning over the crank shaft. 

Whoa the engine is cold it may be necessary 
to prime it by pulling out the carburetor 
priming rod, which is located on the instru¬ 
ment board. In order to avoid flooding the 
engine with an over rich mixture of gas, the 
priming rod should only be held out for a 
few seconds at a time. 

If Engine Fails To Start. 

If the starting motor is turning the crank 
shaft over and the engine fails to start, the 
trouble is not in the starting system. In this 
~~cnt release the button at once so as not to 
■eeeseary discharge the battery, and in¬ 
let the carburetor and ignition system to 
>rmine the trouble. 

If Starting Motor Falls, 
the starting motor falls to act, after push- 
the button, first inspect the terminal on 
starting motor, the two terminals on the 
ttery and the two terminals on starting 
itch, making sure all of the connections are 
ht; then examine the wiring for a break in 
insulation that would cause a short-cir- 
t. If the wiring and connections are o. k. 

■is sane principle at shown on pages 820, 881. 
oted with sleeve. 


and the starting motor fails to act, test the 
battery with a hydrometer. If the hydrome¬ 
ter reading is less than 1.225 the trouble is 
no doubt due to a weak or discharged battery. 

Operation of Generator. 

The generator is mounted on the righthand 
side of the engine and bolted to the cylinder 
front end cover. It is operated by the pin¬ 
ion on the armature shaft engaging with the 
large time gear (spiral gear). 

The charging rate of generator is set so as to 
cut in at engine speeds corresponding to 10 
miles per hour in high speed and reaches a 
maximum charging rate at 20 miles per hour. 
At higher speeds the charge will taper off, 
which is a settled characteristic of battery 
charging. 

This operation of cutting in and cutting out 
at suitable speeds is accomplished by the cut¬ 
out. This cut-out is set properly at the fac¬ 
tory and should not under any circumstances 
be tampered with. 

Oiling. 

The starting motor is lubricated by the Ford 
splash system, the same as the engine and 
transmission. The generator is lubricated by 
a splash of oil from the time gears. In addi¬ 
tion an oil cup is located at the end of the 
generator housing and a few drops of oil 
should be applied occasionally. 

When Tampering with the Ignition System. 
The introduction of a battery current into the 
magneto will discharge the magnets and when¬ 
ever repairing the ignition system or tamper¬ 
ing with the wiring In any wav do not fail 
to disconnect the positive wire from the bat¬ 
tery. The end of this wire should be wound 
with tape to prevent its coming in contact 
with the igniton system or metal parts of 
the car. 

An Ampere Meter 

is located on the instrument board or cowl 
and reading is 20-0-20 which means, 0 or 
zero is in the center and 20 to the left or 
“discharge" side and 20 to the right or 
“charge" side, (see page 410 for explana¬ 
tion.) The needle is on the “charge" side, 
when the generator is charging the battery 
and “discharge" side, when the lights are 
burning and the engine not running above 
10 miles per hour. 

At an engine speed of 15 miles per hour or 
more the meter should show a reading of 
from 10 to 12 amperes even with the lights 
burning. 

If the engine is running above 16 miles per 
hour and the meter needle does not go to the 
“charge" side, first inspect the terminal 
post9 on the meter, making sure that the con¬ 
nections are tight, then disconnect the wire 
from the terminal on generator, and with 
the engine running at a moderate speed, take 
a pair of pliers or a screw-driver and short- 
circuit the terminal stud on the generator to 
the generator housing. If the generator is 
o. k., a good live spark will be noted. (Do 
not run the engine any longer than is nec¬ 
essary with the terminal wire disconnected.) 

See fig. 2, page 881, and note how spring ie eon* 
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FORD ELECTRIC SYSTEM OF ENCLOSED CARS. 



Fig. 1—Top view of Ford power plant. 



Fig. 2—Starting motor with Bendix drive parts removed from 
armature shaft. 




♦Cut-Out Action. 

When angina Is startad and ranning slow, 
current flow from generator begins to build up 
magnetic strength in iron core (B}, through fine < 
wire winding (A). Note connection to battery 1 
is open at (D). 

Whan car spaed reaches 10 blpJl on Ugh 
gear, generator current is then strong enough 
for (A) to magnetise (B) t and blade (0) is j 
drawn to (B), which closes contact points (D). 
Generator voltage is then 6.8 'volts, or •lightly 
more than battery (battery is 6 volts). There¬ 
fore generator charges battery with current 
passing through the coarse wire winding (L). j 
through ammeter to battery. Generator current i 
is now passing through (L) A (A) in sans 
direction. 

When engine slows down leas than 10 m.ph. 
generator voltage is then less than the battery 
voltage, therefore battery current begins to flow, 
or discharge in opposite direction (see outside 
arrows), through winding (L), and this is why 
it is called a “reverse current" cut-out. This 
action opposes generator current passing through 
(A), which is weak, with result that core (B) 
loses its magnetism, or is demagnetised end re¬ 
leases blade (G), through tension of spring (K). 
thus opening circuit between generator and bit- 
tery. This action is repeated over and over as 
engine speeds up and slows down. 




Fig. 6^ - Steel ring 

gear bolted to fly¬ 
wheel for Starting 

motor — 

864A. 


Fig, 4 Wiring diagram showing Location 
parts and colors of wires. 


NO. 397A—Electric System on Ford Enclosed Cars. 

864A and a description of another cut-out which is similar on page 344. This 
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Next inspect the wiring from the generator 
through the meter, to the battery for a break 
in the insulation that would result in a short- 
circuit. 

lighting System. 

Thd lighting system consists of two 2-bulb 
headlights and a tail light operated by a 
combination lighting and ignition switch lo¬ 
cated on the instrument board. The large 
or headlight bulbs are of 6-8 volt, 17 candle- 
power type, 2% amp. The small or dimmer 
bulbs are of 6-8 volt, two candle-power type, 
.942 amp. The small bulb is also used in the 
tail light. . # 

All of the lamps are connected in parallel 
so that the burning out or removal of any 
one of them will not affect the other. Cur¬ 
rent for the lamps is supplied by the battery. 

Do not connect the lights to the nfigneto as 

it will result in burning out the bulbs and 
might discharge the magnets. Illustration 
figs. 3, 4, show the different circuits and the 
course of the current, also the ignition switch, 
which is a key and the lighting switch, which 
is a lever. 

How To Remove Starter. 

When removing the startay to replace transmission 
bands, or for any other reason, first remove the 
engine pan on the left hand side of the en¬ 
gine and with a screw-driver remove the four 
small screws holding the shaft cover to the trans¬ 
mission cover. Upon removing cover and gasket, 
turn the Bendix drive shaft around so that the set 
.screw on the end of the shaft, as in fig. 2, is in 
the position shown. Immediately under the set 
screw is placed a lock washer, designed with lips 
or extensions opposite each other on the outside 
diameter. One of these is turned against the col¬ 
lar and the other is turned up against the side of 
the screw head. Bend back the lip which has been 
forced against the screw and remove the set screw. 
As the lock washer will no doubt be broken or weak¬ 
ened in removing the starter, a new one must be 
used when replacing it. These washers may be ob¬ 
tained from the nearest branch. 

Next, pull the Bendix assembly out of the housing, 
being careful that the small key is not misplaced 
or lost. Remove the four screws which hold the 
starter housing to the transmission cover, and pull 
out the starter, taking tame down through the 
chassis—this is why it was necessary to remove the 
engine pan. 

Extreme care should be used in removing the Ben¬ 
dix drive and other parts that none are misplaced 
nor lost and that they are replaced in their former 
position. 

In raplacing the starter, be sure that the terminal 
connection is placed at the top. If the car is to 
be operated with the starter removed, be sure to 
put the transmission cover plates in position. These 
plates may also be obtained from the nearest branch. 

How To Remove Generator. 

If it is found necessary to remove the generator, 
first take out the three cap screws holding it to 
the front end cover and by placing the point of a 
screw-driver between the generator and front end 
cover, the generator may be forced off the engine 

-nbly. Always start at the top of the genera- 

and force it backward and downward at the 
> time. 

es may be obtained from the nearest branch to 
e over the time gear if the car is to be oper- 
the generator removed. 

vw To Operate Engine With 
Generator Removed. 

_/ reason the engine is run with the 

rater disconnected from the battery, as 

block test, or when battery has been ro¬ 
ll for repair or recharging, be sure that 
generator is grounded to engine by run- 
^ ■•ire from the terminal on generator 


to one of the valve cover stud nuts. A pieee 
of wire or more in diameter may be used 
for this purpose. -Be sure that' the connec¬ 
tions at both ends of the wire are tight. 
Failure to do this when running the engine 
with the generator disconnected from the bat¬ 
tery will result in serious injury to the gen¬ 
erator. 


Care of Battery** 

The Ford Starting System uses a 6-volt 13- 
plate “Exlde” battery, type 3-XO-13-1. The 
care of the battery in servied is summed up 
in the following rules: * 

1. Add nothing but pure water to tho cells and do 
It often enough to keop tho plates covered at all 
times. Distilled water, melted artificial ice or 
rain water collected in clean receptaeles is 
recommended. In cold weather add water only 
just before running the engine so that the charg¬ 
ing may mix the water and the electrolyte and 
freesing of the water be avoided. 

2. Take frequent hydrometer readings to make sure 
that the generator is keeping the battery charged. 
To take reading, remove filler cap of cell, insert 
end of hydrometer syringe in filler opening, 
aqneese bulb and release, drawing up enough 
liquid to float hydrometer bulb free in tne liquid. 
The reading of the scale at the surface of the 
liquid when hydrometer is floating is the specifio 
gravity '(density) of the electrolyte. A fully 
charged battery will show a reading of 1.275 to 
1.800. A battery half charged will show a read¬ 
ing of 1.225 to 1.250. A completely discharged 
battery wiU show s reading of 1.200 or less. 
When taking hydrometer readings remove the 
filler cap from only one cell at a time and be 
sure to return electrolyte to the cell from whioh 
it was taken. Then replace and tighten the 
filler cap. 

Hydrometer tests taken imediately after filling 
with water and before water haa become thor¬ 
oughly mixed with the electrolyte will not show 
the true condition of the battery. 

3. If hydrometer reading shows battery less than 
half charged it should he recharged. Continued 
operation in a less than half charred condition is 
injurious to the battery, somewhat as ru nnin g 
in a soft or deflated condition is injurious to a 
tire. 

4. Keep the filler caps in place and screwed tight— 
a 'half turn tightens them. Keep battery con¬ 
nections tight and clean. A coating of heavy 
oil or vaseline will protect the connectors from 
corrosion. Keep battery firmly secured in place. 
If hold-downs are loose, battery will shift about 
in compartment and result in loose connections, 
broken cells or other troubles. 


Electric Horn. 

Tho electric horn button is located on the steering 
post. See wiring diagram for connections. 


Cut-Out. 

Tho cut-out is located on the generator. The prin¬ 
ciple of this cut-out is explained on page 864B. 

Fuse. 

The fuse which was on some of the first Ford 
Electric Systems has been discontinued. 


Changes on Engine. , 

The following changes have been made on engine s 
of enclosed cars, to accommodate the starter motor 
and generator. 

Transmission cover Changed to take starter. Ford 
No. is 3376B. 

Cylinder block changed. Ford No. 80000. 

Cylinder block front cover, changed. Ford No. 80090. 
Cylinder block front cover liner. Ford No. 8018. 
Timing gear cover. Ford No. 8017. 

Flywheel with ring gear. Ford No. 8269F. 


Tho ring gear bolts to flywheel and has teeth cut 
in it to take starting motor gear. See fig. 6. 


Price of Oonpe and Sedan. 

Price includes the electric system, demountable 
plain clincher rims of 5 lugs and tires all 80x8%, 
and an extra rim or carrier. F. O. B. Ford Fac¬ 
tory at Detroit and without war tax. Coupe fT60; 
Sedan |875. 


pages 455, 567, 458. 
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CADMIUM TESTS. 


Cadmium Test of 
Why Necessary. 

The condition of a storage battery is usu¬ 
ally ascertained by taking a specific gravity 
reading of tfce electrolyte, with a hydrometer 
as per page 460. A reading of 1,276 to 1,300 
being usually considered as indicating a 
folly charged cell. While specific gravity 
readings with a hydrometer should always be 
made, yet they should not fce relied upon 
entirely. 

For instance, a battery which gave entirely 
satisfactory hydrometer teste, may show a 
rapid drop in voltage when in use, yet this 
oendition could not be foretold by hydrometer 
readings alone, because the hydrometer read¬ 
ings would not tell ns the condition of either 
the positive or negative plates, and it is 
their condition which determine the amount 
of energy in any battery. 

We may also take a voltage reading of the 
'entire battery per fig. 1, while current is be¬ 
ing drawn from the 
battery which gave 
satisfactory hydro¬ 
meter readings. This 
would tell us if the 
plates were not in 
good condition, but 
it would not tell us 
which set of plates 
was at fault, because 
the voltage reading 
includes all positive 
and negative plates, as per fig. 1. 

If we took a voltage reading of one cell 
per fig. 1A, while battery is on charge, you 
can readily see 
that the test in¬ 
cludes both posi¬ 
tive and negative 
plates. Suppose 
the battery will 
not take a full 
charge, which set 
of plates is defective; the positive or negative I 

Therefore, to determine the condition of the 



a Storage Battery, 
positive and negative plates separately, we 
must make a test between each set of plates 
and some neutral substance. Theoretically, a 
number of substances. could be used for the 
neutral substance, but for practical reasons 
cadmium is used. 

♦The Cadmium Outfit. 

Cadmium is a metal, it looks like sine, but 
is pure, because there is no other substance 
mixed with it. 

A cadmium testing outfit consists of two 
copper test points, one of which has a stick 
of cadmium, about 
long and 

di., riveted to it, as 
per fig. 2, and a spe¬ 
cial reading volt¬ 
meter. 

The cadmium test 
can be made while a 
battery is on charge 
or when it is being 
As a rule, the test is made only 


L Oopptr Tut Point 


Fig. 2. The teet-polnt, 
with the cegmlnm stick 
riveted to ft. The cad¬ 
mium is the part which 
is inserted in the elec¬ 
trolyte. 


discharged. 


Fig. 1. Testing the volt¬ 
age of aU odb of bat- 
Wry, vhe& battery Is on 
charge end preliminary 
to taking a cadmin 


i test. 


fig. 1A Testing one cell of 
battery when on charge and 
preliminary to cadmium test. 
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near, or at the end or a charge, in order to 
determine if both positive and negative groups 
are taking the charge properly. 

The Voltmeter. 

Any accurate voltmeter can be used, which 
gives readings up to 2.5 volts in divisions of 
.06 volt. The test point (TC, fig. 4) is con¬ 
nected to right hand terminal of the volt¬ 
meter and the 
test point 
(TC) with 
the cadmium 
on it is con¬ 
nected to the 
-f- terminal of 
voltmeter. 

As an ex¬ 
ample, how¬ 



ever, we will use the face dial of a 
made voltmeter manufactured especially for 
this purpose, which is one-half actual size, 
called the Ambu Cadmium Voltmeter, see 
fig. 3. 


How To Test a Battery on Charge. 


The charging current must be passing 
through the battery at normal rate when the 
test is made, and needle of voltmeter Bhould 
be exactly on zero—this can be set with the 
zero adjustment. Then proceed as follows: 

Measure the voltage of one coll, by hold¬ 
ing one of the test points on the positive (-+-) 
and the other on the negative terminal (—), 
of the cell, as per fig. 1A. 

If the cell is fully charged, the reading of 
voltmeter will be from 2.5 to 2.6 volts, de¬ 
pending on the age of the battery; a new 
battery giving a higher reading than an old 
one. (see also pages 410, 416.) 

Cadmium Test of Positive Plates 
When on Charge. 

Test the positive plates of one cell, by in¬ 
serting the eadmium rod on test point (TC) 
in the electrolyte at vent (V) of cell, per fig. 

4, being sure the cadmium does not touch the 
top of pl ates (a rubber tip at end of cadmium 
Stick is provided on the Ambu set, to avoid 
touching.) 

•Tbie ookflt em be obtained of A. L. Dyke. Elec. Dept. 


Fig 4 





Allow the 
cadmium to 
remain in 
. the electro- 
voitoMtor lyte for sev- 
eral min- 
point utes, until 
Fig. 4. Mak- electrol y t e 
lug cadmlnm has no fur- 

poeltlve*plates ther action 
of the center the cad- 
cell of bat- mium. Then 
tery. Each i " 
is teeted in 


same mini. v .. * 

of the c 

test point (TP) on the positive cell *- 

If positive plates are fully 
voltmeter reading will be, to the l 
line O, fig. 3, at least 2.35 and may l 
or even 2.50, if battery is new. Shouli 
ing be less than these, then the por* M - 
are not fully charged. 

Continue the charge, and ** 
plates will not then give a reading of “ * 
2.36 then positive spates are J 

, see page 864-1. 
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Readings On flcale of Vollmator. 

This special voltmeter, fig. 8, page 864-D, has 
the “O'' line near the left end of scale. The 
scale is marked especially for cadmium tests. 

To the left of the “O’’ line is a red line 
marked “NEG. CHARGED.’’ This line in¬ 
dicates the reading of —->0.175 which should 
be obtained when testing new negative plates 
which are folly charged, that is, when mnVing 
a cadmium test on the negatives, the pointer 
should move to this red line. If tho pointer 
does not move as far as the red line, the nega¬ 
tives are not fully charged. 

Similarly, there is a red line at +0.175 
marked “NEG. DISCHARGED,” at +2.00 
marked “POS. DISCHARGED. * ’ and at 
+2.42 marked “POS. CHARGED.” 



Cadmium Test of Negative Plates 
When On Charge. 

Test the negative plates, by placing the test 
point (TP) on the negative terminal of the 
cell, per fig. 6. 

imt polfil 


Fig. 5. Making cadmium teat of the negative 
plates of the center cell of battery. Baeh oell 
ia tested in same manner. 


If tike negative plates are fully charged, the 
voltmeter reading will be from—4.175 to 
—0.2, that is, the needle will move to the 
left of “0“ line on the scale, fig. 3. 

Should the reading be very nearly sero, or 
if the needle swings to the right of the “0“ 
line (fig. 3), the negative plates are not fully 
charged. 

Continue the charge, and if the negative 
plates will not give a reading of from 0.175 
to 0.2 volts to the left of the “Onlineon the 
seale, then the negative plates are defective. 

Test the other cells of battery in the same 
manner. 

The difference between the positive—-to—-cadmium 
readings and negative—to—cadmium reading le 
2.606, the voltage of a fully charged oell while ea 
charge. 


Old cells will give readings which are not 
quite as high as those indicated by red lines. 


Table of 

below give voltmeter and cadmium readings taken 
at hourly intervals on a battery during « !«* it was 
being charged at a normal rate. Any healthy bat¬ 
tery should not depart widely from these readings. 


Reading Reading 
positive negative 
Hours Reading pole pole 

on acroes to cad- to cdd- 
charge celHrolts ralum-volts mium-volts 

0 . 2.10 2.26 +.16 

.1 . 2.17 2.27 +.19 

J .2.19 2.28 +.09 

8 .2.21 2.29 + .08 

*. 2:23 2.81 • + M 

S . 2.24 2.82 -t- .08 

«. 2.25 2.33 -4-.08 

7 . 2.30 2.36 +.06 

8 . 2.48 2.43 — .06 

9 . 2.60 2.60 — .10 


How to Test a Battery on Discharge. 


The battery should be discharging for this 
purpose, it may be connected to a number of 
lamps which will draw about 5 amperes 
from it. 

Test the positive plates on discharge, in 
the same manner as before mentioned when 
testing a battery on ch&rgd. 

If positive plates axe discharged, they will 
give a reading of 2.00 to 2.05 volts. 

If the hydrometer test shows that battery 
is discharged, and the positive plates give a 
reading greater than 2.05, they are not dis¬ 


charging properly or else there is an ineorrect 
amount of acid in the electrolyte. 

Test the negative plates on discharge^ in 
the same manner as before mentioned when 
testing a battery on charge. 

If the negative plates are discharged, they 
will give a reading of about 0.175 to the 
right of the “O’ 1 line on the sealer 

If the negative gives a reading between 
“O” and 0.176, but lees than 0-.176 they are 
not discharging properly. •> v 


What To Do If Cadmium Tests Show 
Defective Plates. 


Usually, when the cadmium tests show that 
either positive or negative plates are not tak¬ 
ing a charge satisfactorily, it is only neces¬ 
sary to continue the charge until the proper 
readings are obtained. 

If the specific gravity of the cell is not 
from 1.276 to 1.300 when the cadmium tests 
show that both positives and negatives axe 
~ "y charged, some of the electrolyte should 
removed and replaced by pure distilled 
er, or 1.400 specific gravity electrolyte, 
*»e case may require, 
die specific gravity reading is too high, 
he distilled water. 

the specific gravity reading is too low, 
-.400 specific gravity electrolyte should 
added until the gravity is from 1.275 to 

raid the specific gravity reading indi ca te 


that a cell is fully charged, that is, if the 
hydrometer tests give readings from t MB 
to 1.300, but the cadmium tests indicate that 
both sets of plates are not fully charged, 
continue the charge to see if the proper ead- 
mium readings can be obtained. 

If it is Impossible to obtain the proper cad¬ 
mium readings on one or both sets of plates, 
these plates are defective. 

If the operation of the battery on discharge 
is satisfactory, the only effect of the defective 
plates will be to cause the battery to lose its 
charge more quickly than normal, and thus 
require frequent charging. 

If the operation of the battery on discharge 
is not satisfactory, however, the battery 
should be opened, and the defective plates re¬ 
paired, or new plates put in. 


Pointers to Remember When Making Cadmium Tests, 
remember that current must he (2) The temperature of the electrolyte should 

hrough the battery when you make the be about 70* F. when cadmium tests are 

admium tests. made, if accurate results are desired. 
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(3) Da not send ont a new battery unless the 
hydrometer readings are from 1.275 to 
1.300, until the positive-to-cadmium tests 
give at least 2.40 vo]ts, and the nega- 
tives-to-eadmium test give about— 0.175 
volts. 

(4) Do not scrape off the coating of sulphate 
which forms on the cadmium. 

(5) Do not allow the cadmium to become dry 
after you have made tests with it. Keep 
the cadmium immersed in a glass of pure 
distilled water, or dilute electrolyte. 


hold the sticker on the battery terminal. 
Bear down on the handle so that the 
point of the sticker digs down into the 
terminal. 

(7) If both positive-to-cadmium and negative- 
to-cadmium readings are very nearly aero, 
the cell is short circuited and must be in¬ 
spected for excessive sediment, or defec¬ 
tive separators. 

(8) The end of the cadmium rod must not be 
allowed to touch the tops of either set 
of plates, as this would give worthless 
readings. 


(6) Be sure to get good contact when you 

Ball and Ball Carburetor. 


First or primary stage, when starting and usual 
running conditions: 1 is the hot air passage of 
the primary carburetor containing the choke valve 2. 
8 is the primary venturi throat connecting the hot 
air passage with the mixing chamber 6, and con¬ 
taining the gasoline jet 4. 5 is another fixed air 

regulating orifice connecting the hot air passage 1 
with the mixing chamber 6, and provided with a 
spring-opposed idling valve 7 arranged to control 
tne air when small quantities only are being used. 
8 is a throttle valve of the usual type. The parts 
so far described constitute the first stage. 



Ball and Ball Carburetor, as used on the 
Peerless, Studebaker, King, Mercer, Olds- 
mobile. 


Second stage, or when throttle is wide open for 
full power: 9 is an air passage leading frbm the 
external air to the mixing chamber 6, and it con¬ 
tains the butterfly valve 10, arranged to control 
the flow of air through this passage. 11 is a gaso¬ 
line jet arranged to discharge gasoline into the 
passage 9, when the valve 10 is opened, causing the 
gasoline jet 11 to be acted on by the suction of the 
mixing chamber 6. The air passage 9, with the 
gasoline jet 11, constitutes the second stage which 
is brought into action by opening the butterfly valve 
10. A connection between the butterfly valve 10 
and the throttle valve 8 (not shown) is so arranged 
that when the throttle valve 8 is nearly wide open, 
the further opening of this valve throws the valve 
10 wide open. At all other times, the valve 10 is 
held closed by a spring (not shown). 

From the foregoing description, It will be seen 
that under all the usual running conditions of the 
engine, the primary carburetor, or first stage only, 
Is. In service, and the second stage comes into 


service only when the throttle is thrown wide open 
for full power. The effect of this arrangement will 
be described further on. 

Pick-up device; continuing the description, 12 is 
a cylindrical chamber with an extension 13 of re¬ 
duced diameter connected by the passage 14 with 
the chamber 15, above the throttle valve. The 
chamber 12 is connected with the float chamber 16 
by means of the restricted passage 17, so that the 

f ;asoline at all times in this chamber 12 stands on a 
evel with the level in the float chamber. 18 is a 
loosely fitting plunger with an extension 19 on its 
upper end, forming a piston in the chamber 13. An 
atmospheric opening, 20, is located in the wall of 
chamber, 12, and a passage, 21, leads from cham¬ 
ber, 12, to the mixing chamber, 6, through which 
passage, air is constantly drawn into the mixing 
chamber. 

Operation of the pick-up device: it will be seen 
that in the operation of the eqgine, -when the throt¬ 
tle is closed, the vacuum of the manifold acting on 
the piston, 19, causes the plunger, 18, to rise to 
its upper position, thus closing the passage to the 
chamber, 15. The space below the plunger, 18, is 
now filled with gasoline from the float chamber, 
and the mechanism is ready for action. 

The opening of the throttle, 8, breaks the vacnnm 
in chamber, 15 and releases the plunger, 18, which 
falls and displaces the gasoline underneath the 
plunger, causing it to flow into the space above the 
plunger, where it is quickly discharged through the 
passage, 21, to the mixing chamber, thus augment¬ 
ing the normal supply of gasoline and causing a 
rich mixture to momentarily enter the cylinder. 
This develops a strong pick-up. 

Adjustments: There are no adjustments after 
size of jets are determined. 

Air regulation: Amount of air is controlled by 
valve (2) which is operated by the choke rod han¬ 
dle on aash or steering post. For cold weather 
this valve (2) should be closed to draw in a rich 
mixture. Immediately engine starts push it down 
part of way until engine is warm, then close en¬ 
tirely. Don't open throttle at all when (2) is 
closed and don’t run with (2) closed any more than 
possible. 

Troubles: Dirt under float valve will cause drip¬ 
ping; unscrew cap over float needle valve and give 
it a few turns. Water or dirt may lodge in small 
openings and this is indicated by popping and miss¬ 
ing. Close valve on gravity tank, remove four 
nuts at bottom and clean jets. 



* WIRING MANUAL—All Blue Prints. 

With this Wiring Manual yon will be able 
to quickly locate and repair faulty circuits, 
generators, starting motors, batteries, coils, 
controllers, switches, etc., relating to all elec¬ 
tric systems on all cars fr— * Mn 
There are 680 pages, 

7 V 2 XII inch, showing the wiring diagrf 
550 cars and 175 internal diagram^ 

700 diagrams in all—and blue pr 
includes instructions on how to te« 
pair batteries, coils, regulatf" 
tors, generators, etc. 

Hundreds of cars must be __ 

of oil soaked and worn out insulation, 
job is difficult unless a diagram is r A 
These diagrams are easy t~ 

Price . 

(If you wish more information send for 


'Applied by A; ; Zj. -Dyko, Publisher, Granite Bldg., St. Louis, Mo. 
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ET NO. 397-B— Specifications of 1919 Cars. See pages 543 to 546 for 1918. 
e 546 for meaning of all abbreviations above except ”C,” which means ''clincher” tires. The F 
are 30x3% rear and 30x3 front. (Motor World.) 
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WESTON DIRECT CURRENT VOLT AND AMMETERS. 

The most profitable work of Automobile Repairing is that of electric work. Aftec studying 
the subjects of the different electric systems in this book, and the principle and construction 
of the Weston meter as shown on page 414, then diagnosing troubles page 416, and tests on 
pages 402, 403, 406, 410, 418, 424, anyone ought to be able to diagnose and remedy almost any 
electric trouble—if equipped with the proper Testing Instruments and the Wiring Manual, * 


Weaton Model 280 Service Station 
Combination Volt-Ammeter. 


This instrument (fig. 1) is the instrument 
used as an example on pages 402,403,406,410, 
416, and will test every part of the automo¬ 
bile electric system, from current consumed 



by starting motor, to testing individual wind¬ 
ings on generator armatures. The instrument 
is fully explained on page 414. 

Ranges of readings are: 30 volts, 3 volts and 


.1 volt (100 milli-volt), 300 amperes, 36 am¬ 
peres and 3 amperes. 

The 30 volt range is useful for determining 
the voltage of generator or battery, per page 
410 and tests per pages 416, 406. 

The 3 volt range is of service in testing the 
individual battery cell, per fig. 1, page 416. 

The .1 range may be used to test the individ¬ 
ual armature windings, per page 402. 

The 3 ampere range is of value in testing the 
current required by single lights. 

The 30 ampere range will denote the current 
required by a complete lighting circuit, or 
the magnitude of leaks. 

The 300 ampere range is useful to determine 
the starting motor current, per page 410. 

The foregoing are merely a few of the tests 
that may be made with this instrument. 

Price, including book of instructions shewing 
how to make practically any electrical test 
of starting and lighting systems, including 


3 shunts, cable, etc.83&50 

Leather case, extra . 65.5# 


If you are unable to invest in the Instrument 
above, then at least equip yourself with the 
following volt and ammeter. 

Modbl 301 voltmeter with a reading, 44 0 to 
15” volts, for testing cells of a storage bat- 
tery, per V2, page 410 and figs. 1 and 2, 416 
and for testing generator voltage per VI, 
page 410, 406, etc. 


Weston Model 301 Voltmeter and Ammeter— 
Separate. For Average Oarage Work, 



Fig. 2: Model SOI 
ammeter with 
“O’* in center 
and reads to 80 
amperes to the 
right or left, see 
page 410. 

Model 301 volt- 
meter reads 0 to 
15 volts and is 
same sixe and 
style. Di. 


Fig. 2. 


Model 301 ammeter with a reading, 4 4 30-6- 
30” for testing the amount of current flow¬ 
ing to battery from generator, or the quan¬ 
tity of current consumed by all ef the lights 
or individual light circuits, testing the horn 
per page 418, igniton, grounds and short cir¬ 
cuits. The current consumed by starting mo¬ 
tor cannot be tested with this instrument. 
It will test up to 30 amperes without the 
use of external shunts. The shunt is inside 
of meter up to 30 amperes. Bee page 410 
for meaning of 30-0-CO. 

Price of model 301 vcit or ammeter (both 
round pattern as shown in fig. 2).86.80 

These instruments (models 301) were pri¬ 
marily designed for use on the dash or cowl 
of an automobile and the model 301 ammeter 
is just the instrument to replace * 4 indica¬ 
tors” and defective ammeters, or to place on 
the dash of a car not equipped with an am¬ 
meter. 


A Complete Electric Testing Equipment. 

If you intend to do all kinds of electric work tion Voltammeter and the Cadmium 
and specialize on this work, then I would ad- fit, page 8641. and the Wiring Manual, \ 
vise that you obtain the Model 280 Combina- 864F. You will then be completely eon*" 


A Portable Electric Testing Stand. 

If however, yon wish to make the average Fig. 8, page 864-J, shows a rough site 
tests around a garage, then you can purchase how a portable testing stand can be nu 
the two models of 301 instruments mentioned The illustration is rather exaggen 
above, and mount them on a portable stand will serve the purpose of the idea, 
and rig up a very serviceable outfit. ,— continued on 


Address aU orders to A Ik Dyke, Electrio Dept., Granite Bldg., St. Louis, Mo. 

We^epelr Magnetos, Generators. Starters. Oolls, etc. Send preps id and we will test out and t 
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—ton turned from ptge 864-U. 

The c ab led are flexible inaulated wire with 
teet pointe or clamps on one end and plug 
connections at the other end, like those used 
on telephone switchboards. 

The ping receptacles can be mounted into the 
base of the stand and connected as shown, 
with meters, battery and test lamp, and in 
this way one set of cables can be used for all 
tests. A record sheet (E), can be placed on 
stand with thumb tacks, in order to keep a 
record of the readings. 


8A. Then place cable plugs in 1 and 3. 
Touch test points (T) to lamp or horn. Note 
ammeter wUl then be in series. 

To test generator output. Place cable plugs 
in 3 and 4 and place meter in series with 
circuit as is the dash ammeter page 410, or 
disconnect wire at terminal of generator and 
connect one test point (T) with generator ter¬ 
minal and other with the wire disconnected. 
This will place the ammeter in series with 
the generator circuit. 


An example of how the cables are plugged 
into different holes for different uses are as 


follows: 



To use storage 
battery for any 
purpose, as test¬ 
ing a lamp or 
horn, or to con¬ 
nect to the bat¬ 
tery side of a 
Ford ignition 
coil to run en¬ 
gine on the bat¬ 
tery, while test¬ 
ing magneto, as 
per page 864J, 
place cable 
plugs in 1 and 


2 and close switch (8) and use ends of cables. 


To test amperage of a lamp bulb or horn; 
connect jumper (J) from 2 to 4, per flg. 


To test voltage of a generator, per VI, page 
410, or of a batery, per fig. 1, page 414, or for 
any other voltage tests; place cable pings in 
5 and 6 holes or receptacles. 

Note. It is advisable to place a SO ampere, 
glass type fuse between plug receptacle 4, and 
ammeter, for the purpose of protecting the 
ammeter from accidental burn-out through 
overload or otherwise. 

Other testing outfits can be added to this 
portable stand, as the spark plug test outfit, 
page 710, fig. 17 and page 418 and the battery 
test outfit, per page 474. In fact there is.no 
limit as to how elaborate one can devise a 
stand of this kind, and in one shop, the stand 
is mounted on small steel wheels. 

A test lamp outfit, for tests as shown on page 
418, 403^ 402, is shown mounted on this stand. 
Note the lamp is in series with the battery. 
The same cables can be used here. 


THE CADMIUM TESTING OUTFIT 

For Storage Batteries. 

An ordinary voltmeter and a hydrometer will 

tell you if the battery is charged or discharged ^ ^^1 

and you can also determine with a volt- JW ^ 

meter if the plates are in good condition as Mm 
explained on page 864-D, but neither the by- Jm 
dromefcer or voltmeter will tell you which set [jf§ 
of plates are defective. The Cadmium test, nil 
in connection with a special reading volt- I 
meter will tell you instantly. See pages 
864-D and E. B 

Usually, when a battery shows full charge 
with a hydrometer or voltmeter, when charg- U 

ing, yet drops or loses its charge quickly when Fig. l. Cadmium Leads and 

in use, the trouble is with one or more sets Te8 * Points. 

of plates, either the “ positive ' 9 or “nega- _ — 

thro,” in one or more or the cells. In order z^ 5 ***^ 

then, to save disassembling all cells to find C _ — 

the defective plates (probabilities are you f 
would not tell accurately even after disaB- 
sembling) the Cadmium Test will tell you in- 
stantly where the trouble is. 

If you propose doing battery repair work, 

you can % turn out better work because you _ n 

aid never let a battery go out of your 
>,e unless the hydrometer readings are Q 

a 1.275 to 1.300; until the positive-to- -) 

mium tests give at least 2.40 volts, and -=--- 

negatives-to-Cadmium test gives about Pis- 8. Special Readin 
* volts. I meter - 



Pig. 2. Special Reading Volt¬ 
meter. 


Fig. 1. The two 
test points are 
attached to flex¬ 
ible wire cables 
I or ** Leeds.”One 
| of the test points 
has a piece of 
cadmium riveted 
to it. See page 
864-D, for ex- 
iplanation of use. 

Fig. 2. The spe¬ 
cial reading volt¬ 
meter need for 

inuHng 

tests. Note the 
scale is cali¬ 
brated showing 
exactly where 
needle should be 
when testing 
either the posi¬ 
tive or negative 
plates—see page 
864D. 


Price of Cadmium Outfit. 


complete outfit, packed in a convenient case with complete Instructions including Volt- 


er and Oadmiom Leads with Test Points, per figs. 1 and 2.... .$25.00 

meter alone, per fig. 2,... $22.50 

jd um Leads with Test Points if purchased separately, per fig. 1, only.$ 3.25 


ves a& orden te A. L. Dyke, Elect. Dept., Granite Bldg., St. Louis, Mo. We repair Magnetos, Calls, 
-atsre and Motor*—-send your repairs to us, if you are not equipped. 
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FORD MAGNETO TESTER. 


The Ford magneto generates 44 alternating’' closer, it will be greater, bat there is a 
current. An ordinary 44 direct" current meter liability of the inagnet striking the coil core, 
as explained on page 864-H and I, will not To test air gap space strength of mag* 
operate. Therefore a special meter per fig. 6 neto on car: ( 1 ) Test output of magneto 

• is designed for testing the Ford magneto. with Tester, fig. 6 , with engine ^running mod- 

If the engine will not run at all and the igni- erate speed; (2) Remove transmission cover 
tion is the fault, an easy way to determine if and place a thickness gage, between mag- 
the cause is due to the magneto, is to connect net and coil core. If gap is but mag- 

a storage battery, or five or six neto has tested out as weak, magnets need 
rzpry dry cells to the battery side recharging; (3) After remagnetizing the 
(B) of coil, per fig. 8 , and turn magnets (which can be done without taking 

X S2 I switch to B, or right side. engine down, see below), then test magneto 

** gR If the engine then starts, and a 8 ain with engine running moderate speed. 

nQ 8 y runs satisfactorily, but will not The tester should show strong, if not, then 

start on the magneto, with the probabilities are the magneto coil is 

switch to the left, or M side, then you may short circuited. 

know that the magneto is not supplying cur- II some of the magneto coils become short- 

rent. It may be due to dirty or loose mag- circuited, or if magnets are weak, the tester 

neto terminals T, (see fig. 7 below and page will read low. In other words it tells you 

805), or a weak magneto, due to weak mag- instantly, without removing the magneto from 

nets, or gro un ded magneto coils. engine, if the magneto is in- proper condition. 

___ If not in proper condition then it is time to 

The Ford magneto can be tMted with a spe- t k ma ™ F eto ^ out and remedy the trouble. 

<>• *• is time to look X 

see figs. 6 and 7. This instrument ^not hing wher0 for the trouble and you will thereby 

ammeter, but save the time of having to remove the mag 

a i one provided in error. 

with a 4 4 reac- mot6r scale 18 simple, it has two 

tance coil" (B) readings, see fig. 6 . One marked “1914,” 

I-1- ™ 7 which meaning that all magnetos before 1915, the 

enables the me- needle should come to this mark. The other 
ter to indicate a constant current at all en- is marked " 1915 ,” meaning that aU cars 
gine speeds. In other words, the meter is so *** m the needle should reach this mark 

designed, it will indicate if magneto is giv- ( Tke Ford magnets were enlarged m 1915). 

ing its proper output at any speed of engine H the needle 
while testing. laUa to reach 

This instrument can be used to test the 
strength of the magneto while engine is be- 
ing run on a battery—if engine fails to start magnets ^ th ou 
on magneto. If engine stlrts on magneto, * r ® 

but continually misses and is not due to other G i • 1 6 

causes, then the tester can be used to see if PJamea on page 
magneto is delivering its proper current— . ana .. De ow * 

while engine is being operated on the mag- ii tnen,T;ne mag 

neto. The connection for testing would be net ® * ai ~® to tes *' 

the same in both cases, per fig. 7 , except, up to tins mark 

when running on battery, the wire from igni- aad tke m 188111 ^ 

tion coil to magneto is removed and switch 0 CCU J 8 aad 

placed on B side fig. 8 . } 8 not A du ? 

* . . , loose terminals. 

The tester Is a great help when assembling an a rung 8 a ti 8 - 
magneto on the bench, The 44 air-gap" can factorilv with a ??*• 6 - Magneto Tester, 

be adjusted to the point of greatest output, battery, then you So^textT th * " C * le “ mmrkcd ' 

if you have the meter to test with as you ma y know you 

assemble. The fly wheel can be turned by have a "grounded" magneto coil, and mag 
hand fast enough, so that instrument will neto must be removed, defective coil located, 
give a steady reading. another put in place and then “air-gap” 

4 4 Air-gap, * * Is distance the magnets are from clearance given as per above, 

core of magneto colls (see fig. 91, pages 805, This device Is one of the most useful acces- 

806.) This should be 3 * 2 ". If further away sories a Ford repairman c< ’ n 

the amperage and voltage will be less; if Price with full instruction ) 

IGNITION COIL TESTER AND MAGNET REMAGNETIZ 

Ftird Ignition Coll Tester: Consists of base, switch jBfc iijagaS g 

and ammeter. Coil should show a reading of about iser. 

1% amperes and ^^^B consis 

a con ^^^B 

spark % mount 

in. gap. Full la- ^^^B base 

Price two 

complete .. .$6.00 wgM Opera 

This outfit will gnJn age > 

assist you in test- ce jj, 

ing and adjusting ^ 
ignition coils ac- Price complete with full instruction) 
curately. Extra for attachment to charge Ford 





f JUAUniil JMiALAU 

ammeter. Coil should show a reading of about JB|^_ iser. _ *> 

1% amperes and ^BB ffijaag consists < 

a con ^^^B t u 

spark % ^^B mount 

in. gap. Full la- ^^^B base 

struction8. Price ^^^B two binding 

complete .. .$6.00 Operated froi 

* 181 m volt or •*-- 

This outfit will age »*•* 

assist you in test- ce ll, 

ing and adjusting 1 1 

ignition coils ac- Price complete with full instructions...., 
curateiy. Extra for attachment to charge Ford magi 

without removing from car (see p» r 

Address all orders to A. L. Dyke Elec. Dept., Granite Bldg.,. St. Louis, Mo. 
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MOTOR-GENERATOR SETS—For Charging Storage Batteries. 

Only “direct" current can be used to charge then “direct connected” on the same 

storage batteries, but in moBt towns and base and is called a Motor-Generator Set. 


cities only alternating current is available. 
There are three methods of charging batteries 
where only alternating current is available: 
1: By the use of a Bectiller, as explained on 
pages 462, 463 and as advertisement, page 
864-L. 

2 : By the use of an electric motor which will 
operate from alternating current and then 
have this motor drive a dynamo or gen¬ 
erator which will generate “direct” cur¬ 
rent, from which current the battery is 
charged. This motor and generator is 


3: Instead of an electric motor being used to 
drive the generator, this direct current 
generator can be driven by belt power 
from a line shaft or gasoline engine or 
* other power—per page 462. 

Where a limited amount of battery charging 
is to be done, the Bectifier per page 864-L is 
recommended. 

Where many batteries are to be charged, the 

Type 9G “St. Louis” Motor-Generator Set, 
shown below, is recommended. 


St Louis Type 9G Motor-Generator Set 


is shown in fig. 1, and consists of the follow¬ 
ing parts: 


Fuses (F) are provided to proteet generator and 
battery circuit and motor. B is the switch to gen¬ 
erator and battery. 


1—1% h. p. motor to be operated from alternating 
current. This motor can be supplied to operate 
-from any voltage or phase and this informa¬ 
tion should be obtained from your local eleotrio 
plant when writing to us. 

X—Generator or dynamo, which is connected to the 
above motor and generates 4 4 direct" current. 
The generator is of 1KW (one kilowatt) capac¬ 
ity, or 83 volts at 30 amperes. 



The type 9G motor-generator set will charge 
from 1 to 6 batteries in series at any amper¬ 
age rate up to 30 amperes, by throwing in or 
out the resistance of field rheostat (B). Fig. 
2 , shows the connections when charging 5 
batteries or less number. 



As many as 20 batteries can be charged at 
one time, with this Type 9G, by adding Aux¬ 
iliary Bheostats. 


For instance, suppose it is desired to charge 
14 batteries. It will necessitate three differ¬ 
ent charging lines and the use of three aux¬ 
iliary Bheostats, as Bl, B2, B3, fig. 3. 

Suppose you desired to charge 4 of the batteries at 
10 ampere rate and 5, at 6 amperes and 5, at 4 
amperes. You will readily see that the current 
which would be drawn from generator would be 20 
amperes, as adding 10, 6 and 4 we have 20 amperes. 
Therefore, we will connect an auxiliary rheostat Rl. 
as shown. In this way we establish an independent 
charging line. Then to terminals T1 of this line, 
the 4 batteries to be charged at 10 amperes are 
connected in series. Then connect 5 batteries in 
series to auxiliary rheostat line R2, at terminals 
T2. Then the other 5 batteries connect to R3 
terminals T3. 


Fig. 1—Type 9G, St. Louis Motor Gen¬ 
erator Set. 

1—Switch-board, also called "charging panel ;" 
parts of which are: a slate base, t>n which is 
mounted motor switch (S), which is connected 
with the alternating current source and the 
motor. Ammeter (A) is connected between gen¬ 
erator and battery being charged and indicates 
utity of current flowing to battery when 
‘ging. Field rheostat (R), connects with 
i winding of generator and regulates the 
itity of current which can be made to flow 
"**'»ry, or batteries being charged. 


Place each rheostat hande (H) of Rl, R2 and R3, 
so that all resistance is "cut-out." Then set the 
charging rate of generator, by moving shunt field 
rheostat on switch-board until ammeter (A), on 
switch board, shows 20 amperes. Then note the 
reading on each of the ammeters (AM), on the 
auxiliary rheostats. A little resistance can then 
be cut in or added to the line that is taking most 
of the current until each of the 3 lines is cut down 
to the proper amount of current at which it is de¬ 
sired to charge each lot of batteries. 

Price of Complete Motor-Generator Set, Type 9G, 
including switch-board, motor and generator $224.00 


The Auxiliary Bheostat 


fig. 4 and 3, are supplied separate, 



including slate base, ammeter 
in front and resistance coils 
in rear, which are made of re¬ 
sistance wire, wound on asbes¬ 
tos board and placed about 
%-inch apart, lengthwise on 
back of slate. The resistance 
is cut in or out with handle 
(H). The ammeter on rheo¬ 


stat indicates charging rate on that particu¬ 
lar rheostat line, whereas the ammeter on 
switch-board indicates total amperes to all 
lines, or to 1 or 5 batteries if charged with¬ 
out this auxiliary rheostat. The maximum 
carrying capacity of auxiliary rheostat is 10 
amperes. 

Price, each .$7.00 

—continued on next pa~ 
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♦Type 90 Direct Current Generator 

Can be purchased without the Motor but With by a gasoline engine or otherwise, 
a pulley, from which it can be operated from Price of 90 Generator complete with 

a line shaft by belt power, per page 462, or switch-board and pulley. 1122.00 

The 9B Switchboard For Direct Current 


Can be purchased separate where you have 
your own direct current dynamo (generator). 
This switch-board (fig. 5) is arranged slightly 
different from 90 and is known as the 9B 
switchboard. It consists of a square slate 
panel 15%"xl3", mount¬ 
ed on cast iron brack¬ 
ets to fasten to wall. 
On back of panel, the 
resistance is mounted 
with 9 taps (see page 
rtf 6. Switchboard. t?p« 9 & 464, fig. 11, for mean¬ 



ing and purpose of “taps”), which are 
controlled by handle in front. An ammeter 
to show charging and the controlling lever 
makes contact with resistance taps, regulat¬ 
ing the charging current so that from 1 to 9 
batteries may be charged at one time in 
series. The normal charging current is 6 
amperes. The switch, with fuses for connec¬ 
tion to dynamo is mounted in front. 


Price, complete 


120.00 



RECTIFIERS—For Charging Storage Batteries. 


‘St. Louis" Boctiflors. 

Battery charging and repairing Is a profitable 
business. In most towns however, the elec¬ 
tric current is “alternating,” whereas only 
“direct” current will charge a battery. 
Therefore some means must be employed to 
convert the alternating current to direct cur¬ 
rent, as explained on pages 463 and 864-K. 
Where only a limited amount of charging is 
done the rectifier is advisable. 

The 8t Louis Bectifier consists of a trans¬ 
former and a vibrating unit and ammeter, as 
explained on page 465, fig. 62, and per illus¬ 
tration below. 

wyi transformer can be wound with as many 
secondary windings as there are vibrator 
imtte. For instance, a transformer with one 
secondary winding and one vibrator unit will 
charge 1, three-cell battery and would be 
termed Type 1M. 

In the illustration below, there are five vi¬ 
brator units and five windings on the trans¬ 
former, therefore it will charge 5 bat¬ 
teries and is known as Type 5M. 

A larger type, 10K rectifier consists of 
a transformer with 10 secondary wind¬ 
ings for connection to 10 vibrator 
units. Each unit will charge a three¬ 
cell battery at a 6-ampere rate. Ten 
three-cell, 6-volt batteries may be 
charged at one time at a 6-ampere rate. 
Twenty three-cell, 6-volt batteries may 
be charged at one time at a 3-ampere 
rate. 

Batteries of any voltage used on auto¬ 
mobiles for starting, lighting and igni¬ 
tion can be charged with this type. 

Each battery is charged on an individ¬ 
ual circuit, which is an excellent fea¬ 
ture as the correct temperature can be 
maintained. Length 5% ft., shipping 
weight 162 lbs. 

^ vibratos unit is suppled with an am¬ 
meter, so that the charging rats oan always 
be noted at a glance. 


Prices For 

Type 10H with ten vibrator units, suitable 

for large shops, each with ammeter.6140.00 

Type 6M, will charge 6 three-cell batteries 

at C-ampere rate. 80.00 

Type 1M, for charging 1, C-volt battery at 
6-ampere rate with one unit and ammeter.. 20.01 

Type 2MB, for charging a 12-volt battery 
at 6-ampere rate or two 6-volt batteries at 

6 amperes each .... 40.00 

Type SMF, for charging 6,12,18 and 24-volt 
batteries at normal charging rate of S am¬ 
peres to each unit, but will charge at 12 
amperes if desired. Has 8 vibrating units 00.00 
Transformers: If you desire, you can pur¬ 
chase the type 10M Transformer with 10 
windings for $40, or the 5M Transformer 
with 5 windings for $30. Ton can then pur¬ 
chase a single vibrating-unit for either type, 
for $11 each. Then as your business in¬ 
creases, you can purchase other vibrating 
units until the complete number are obtained 
—for dither -the 10M or 5M transformer. 

Note—Above prices for 110 volt, CO cycle current. 
Other cycles cost more. Ask your local electrical 
plant for the cycle, before ordering. 


Type 6M Bectifier with Transformer with 5 
windings for connecting to 6 vibrating unite (below 
transformer). The outside AO current wires ooi 
to transformer at A, and battery connects * 
tor units at B. 


WE BEPAJQEt MAGNETOS—Also Coils, Generators, Starting M»«u», * 
Send defective Magnetos, Generators, Starting Motors, Coils, etc. to us prepaid, 
test out find advise you the cost of repair before proceeding with the work. 


“Lessons in Practical Electricity.” 

A book thoroughly simplified, treating on the 
first principles of electricity. 

517 pages; 404 Illustrations; 102 experiments; 

1&4 worked out problems; 488 review questions. 
Prise.. $2.00 





Hydrometer for tooting Storage 
Thickness Gauge; see page 699 
Oompreueometor; see page 639 
Townsend Groan Gun; see page 



all orders lo A. L. Dyke, Eleet. Dept., Granite Bldg., St. Louis. Mo. *Speed of generator, ITOf 
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Run Up Mileage 

More miles per gallon for your “gas”—more 
miles of steady running per season if you use 

nlXOIMV 

GRAPHITE V# 

Automobile 

LUBRICANTS 

The squeak is the cry of the wear and tear of friction, caused by the 
grinding of miscroscopic spurs, pock-pits and other roughnesses thiat are 
present in even the most highly polished bearings. Oil and grease stop the 
squeak, but do not eliminate the grinding. 

Dixon’s Selected Flake Graphite fills up these irregularities of surface 
and makes a smooth, oily veneer that grows harder and smoother the more 
it is rubbed and used. To lubricate without balling up, the graphite flakes 
must, be peculiarly thin, flexible, oily and absolutely free from impurities, 
^-on’s is absolutely the only graphite that has these qualities. 

There’s a special Dixon Graphite Lubricant for every part of your. car. 

1 by all dealers and garages where you can rely on the best of everything. 

Write for Booklet No. 116-G, give us the name of your car and we will 

free the Dixon Lubricating Chart. 

Made in Jersey City, N. J. by the 

oseph Dixon Crucible Company 


| d><x><n ESTABLISHED 1827. £<xXn | 
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| What Does Your Oil Do? 

| Does It Lubricate Correctly—Save Power— 

1 Protect Your Motor ? Or Does It Just Burn Up ? 


I F YOU have checked up the 
mileage which different oils 
yield, you have probably 
found that some oils are consumed 
more rapidly than others. 

If an oil too heavy in body is used, 
it will fail to reach all friction 
points. 

Often an oil is too light in body 
for the motor’s 
mechanical con¬ 
ditions. Excess 
oil then gets by 
the piston rings. 

Reaching the 
combustion 
chamber it 
burns. 

When oil con¬ 
sumes rapidly 
power-waste also occurs. The fuel 
charge escapes past the piston 
rings on the compression stroke. 
Gasoline consumption mounts up. 

Even with oils of correct body a 
minute quantity of the oil works 
past the piston rings and is burned 
up. 





Mobiloils 

A grade for each type of motor 


But with oils of incorrect body this 
consumption becomes rapid. It 
results naturally in sheer oil waste 
—and in excess carbon deposit. 

To first-time users the “wear” of 
Gargoyle Mobiloils is often aston¬ 
ishing. This is due in part to their 
unusual ability to “ stand up ” 
under the heat of service—and 
because they 
maintain a prop¬ 
er seal between 
pistons, piston 
rings and cylin¬ 
der walls— 
have 
body. 

In short, the oils 
stay where they 
belong. They 
are not burned up by working in 
excess quantities into the combus¬ 
tion chambers. 

The Vacuum Oil Company’s com¬ 
plete Chart of Recommendations 
will be mailed to you upon 
request. 


e > § 
correct = 


Gargoyle Mobiloils provide correct lubrication . They combine the highest 
lubricating efficiency with the correct body and character necessary to suit the 
lubricating requirements of every make and model of automobile when used as 
specified by the Vacuum Oil Company's Chart of Recommendations . 

We recommend Gargoyle Mobiloils highly . ^ ^ 


cm &-:■ 


VACUUM OIL COMPAN 

New York, U. S. A. 

Specialists in the manufacture of high-grade lubrica*™ 
every class of machinery. Obtainable everywhere in the wor_ 


5 Domestic I New York 

= Branches I Boston 


Philadelphia 

Pittsburgh 


Chicago 

Detroit 


Minneapolis 

Indianapolis 


Kant*. 

DesMci 
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If yon don’t find what yon want under one heading, stop and think—what other heading it 
could he under. For instance, if you are looking for the adjustment of floats of carburetors, it may 
be under; “carburetor float adjustment,” or “adjustment of carburetor float,” or “floats for car¬ 
buretors.” 

Another point—If you want to And how to adjust the carburetor on some particular car. 
First turn to Specifications of Leading Cars, pages 643 to 646; find the make of carburetor 
used, then turn to the index for that particular carburetor and the pages whereon it is described. 
The same applies to Ignition and electric systems. 

See Dictionary page 861, for Meaning of Motoring Terms. See page 767 for Ford index. 

Adjusting magneto interrupter .297-298-804 

main bearings of engine.887 

Maxwell transmission .870 

MoFarlan rear axle . 678 

MitcheU transmission .671 

oil pressure .198-199-200-694-859 

Overland dutch ..666 

Overland transmission .670 

piston dearance.645-649-651 

rear axle and differential.. .678-674-678-982 

Reo dutch .667 

Reo engine bearing.. 648 

*‘safety or spark gap’’ magneto.291 

screw (carburetor) .148 

Sheldon rear axle (truck type)... .750-751 

silent chains .411-728-729-869 

silent chain (Dodge).869 

spark plug gap.233-235-542-287- 

288-804-939-275 

semi-floating axle .669-674 

Schebler carburetor .172-174 

steering devices.690 to 698 

Stewart horn . 515 

Studebaker clutch ..665 

Studebaker transmission .670 

third brush on generator 370-733-924-925-405 

..three-quarter floating axle .669-672-676 

timer..247-264 

transmission.669-671 

truck brakes .761 

universal joints .680-681 

vacuum tank fuel feed.165 

valve and tappet clearance.94-684-635 

valve clearance, Buick .109 

valve tappets (wrench for).788 

vibrators on coils.234 

Adjustment of axles.. ...669-672 to 679-760-982 

“ “ rear axle, Buick.676-677 

“ .. Cadillac .674 

“ “ 44 14 Chalmers .674-678 

4 4 4 4 4 4 4 4 Dodge .982 

4 4 4 4 4 4 4 4 Dorris .678 

4 4 4 4 4 4 4 4 HAL .673 

4 4 4 4 4 4 4 4 Hudson .674 

4 4 4 4 4 4 ** Jordan .674 

4 4 4 4 4 4 4 4 Maxwell .675-676 

4 4 4 4 4 4 4 4 Reo .679 

4 4 4 4 4 4 4 4 Sheldon truck .750-751 

44 4 4 4 4 4 4 Saxon .....878 

4 4 4 4 4 4 4 4 Westcott .674 

Advantage of a circuit breaker...877 

4 4 4 4 balanced crank shafts .582 

4 4 4 4 chain drive . 

44 4 4 dynamo for ignition .255 

4 4 4 4 single hot spark .226 

4 4 4 4 three point suspension .538 

44 and disadvantages of auxiliary air valve 

(carburetor) ...150 

it »* 4 4 4 4 battery coil and 

magneto .255 

4 4 4 4 4 4 4 4 coll with vi¬ 
brator .255-280 

4 4 4 4 4 4 4 4 coil system of 

ignition .255 

4 4 4 4 4 4 4 4 dry batteries.255 

Advantages and disadvantages of generator for 

Ignition .256 


Acceleration; meaning of.150 

Accelerator. 496-497-154-486-67-15S-492-150-497 

Accessories, desirable and necessary.511-515 

44 lor car. 17 

4 4 for tires. 568 

Acetylene regulator .720 

44 for welding .718 

Acid; meaning of. .489 

44 for battery; how mixed.448 

44 (picric) for increasing speed and power....809 

44 -proofing battery boxes .478-474 

44 test of platinum points.804-284 

Active material, of storage battery. 489 

Address of Auto publications.520-524-529-753 

Addresses, how to find. 648 

Address of mnfg’r’s of air compressors.610 

4 4 4 4 automobiles .588 

4 4 4 4 bodies .762 

4 4 4 4 carburetors .162 

4 4 4 4 electric systems ..873 

4 4 4 4 engines.Insert No. 2 

4 4 4 4 gasoline tanks.602 

4 4 4 4 ignition systems.. .251-258-254 

4 4 4 4 magnetos .’.288 

4 4 4 4 parts of old cars. 647 

4 4 4 4 pistons (aluminum)-651-828 

4 4 4 4 pistons, rings, etc.609-823 

4 4 4 4 machinery for repair shop.617 

44 starters (mechanical A air). 822 

4 4 4 4 steering gears .691 

4 4 4 4 storage batteries.478 

4 4 4 4 tire accessories .568-571 

4 4 4 4 tires.571 

4 4 4 4 top material .849 

4 4 4 4 touring equipment .520 

4 4 4 4 tractors.753 

4 4 4 4 wire wheels ..762 

Adjustable engine bearings .643-887 

Adjusters for valves ..608-684-791 

Adjusting and inspecting engine parts.595 

44 repairing. 620 

Atwater-Kent ignition device.248-250 

auxiliary spring on carburetor.168 

Bendix starting device.326-381 

Borg and Beck clutch.42-668-842 

Bosch ignition timer .268 

brake pedal .691 

brakes, Timken and others.684 to 689 

Buick clutch and transmission.665-670 

Cadillac carburetor .180 

carburetor and engine tuning, prices 

charged.595 

carburetors, different makes. 166-171-172-184 

carburetors, 44 V” type engines.171 

carburetor for winter.170-153 

chain tension .749 

Chevrolet clutch and brakes.665-672 

Chevrolet transmission .671 

clutches.661 to 668-982-842 

coil vibrators .234 

Connecticut ignition timer.254 

connecting rod bearings.641-648-645-646-837 

cut-out . 898 

Delco electric system ...897 

Delco third brush .390-405 

~ o timer .245-378-392 

rential driver pinion.673-674-677 

re clutch; transmission..666-670-981-932 

ge generator ..738 

ue .595-620 

ne bearings .641-643-887 

.191 

s of carburetors .182 

t wheels .680-681 

floating axle.669-678-677-932 

of magneto interrupter.297-304-801 

ity of battery .471 

[lights .433-482 

son dutch.666 

son oiling system .694 

don timer .245 

mal gear drive axle.678 

rrupters.264-298-244-251-253-804 

«m horn .514-418 


ignition systems. .255 
44 44 4 4 4 4 low tension coil 

systems ..255 

44 “ 44 4 4 magneto system 

alone.255 

44 4 4 4 4 4 4 master vibrator 

coil .265 

4 4 4 4 44 4 4 mechanical fea¬ 

tures of cars... .581 
4 4 4 4 4 4 4 4 oiling systems... .197 

4 4 4 4 4 4 4 4 solid tires .527 

4 4 4 4 4 4 4 4 storage battery 

for ignition.255 

Advance and retard of interrupter...809 

44 44 44 44 spark .67-227-805-814 

44 4 4 4 4 44 spark, how much.227 

4 4 4 4 4 4 4 4 spark, magneto 267-294-277-809 

44 of ignition, testing of.817 


See page 898 for English to French Dictionary. 
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A4Ttaef at spark, letouii* .....I4M49 

44 44 spark, range of.812-819 

Airplane engines (see supplement) ... .901-767-188-088 

engine spark plug.. .288-989 

Straents .920-921-904 

Age of person driving a oar...622 

Air and gasoline^ (mixture).142-160-161 

44 and gasoline^ proportion of. 686-142 

Air bled Jet .. 177-800 

44 bound gasoline tank, caused bj.162 

4 4 compressors .562-568-664-668 

4 compressor (homemade) . 748 

44 compressor, speed of. 568 

44 control for carburetor ....159-170 

44 cooling.189-190 

44 gap. 96-480-864J 

44 gap of valve ...94-95 

4 gap transmission. .480 

44 gauge (Twitchell) .568 

4 4 hose. 668 

44 leaks .192 

4 4 lock in water line .. 192 

14 planes (see supplement).901 

4 pressure, gasoline system........ 164-602-180-854 

* pressure ex tires. 558-554-559 

4 4 pump .562 

44 starter .822 

44 tank for cleaner. 740-744 

44 tank, pressure alarm...740 

4 4 tank, sise to use ..564 

44 type speedometer .612-518 

44 valve control of carburetor .149-178-166 

44 valves (weighted), of carburetor.150 

44 washer for carburet!on .828-754 

A. L. A. M. horse-power table .584 

1 44 meaning of .684 

44 sise spark plug ..288-612 

Alarms.615 

Alcohol and water (non-freesing).198 

44 for cleaning spark plug;.287 

4 4 freusing, boiling point and specific gravity.. 586 

44 kerosene, water, gasoline, freezing and 

boiling point .198-585 

44 how to save .780 

Aligner for wheels.. .688-744-787 

Alignment ef pistons and connecting rods..646-649-659 

Alignment of truck transmission....749 

Alignment of truck wheels.665-688-688-760 

Aligning transmission shaft. 782 

Allen spark and throttle control.496 

Alternate peak of current wave.«. .265 

Alternating current .257-266-267-886-489 

Alternating current generators.257 

Aluminum denning of . 401 

44 melting point .721-589 

44 pistons .75-646-792-818-651 

44 piston kinks .661-688 

44 soldering .695 

American Bver-Ready speedometer.518 

Ammeter .415-414-877-808-899-402-410-416S-864H 

44 does not indicate charge.415-416-410 

44 exposes short circuits.417-416 

44 for testing sdj. of coil vibrators...284 

4 4 how placed in circuit...410-891 

indications.410-416-417 

44 on Reo-Remy electric system....872 

principle of .414-898-415 

44 purpose of .410-414-415-877 

reads charge at low speeds, discharge 

at high speeds, etc..411-410-416 

readings.414-899-400-417-419 

4 4 4 4 during cranking operations. Delco. 887 

scale.414-898-899 

shunts .414 

testing accuracy of .410-898 

testing for short circuits.406-418 

tests for motor, generator troubles. ..416-410 

44 to test battery indicator and cnt-out.410 

44 troubles. 419 

4 4 vibrates. 400 

44 when used with starting motor. .410-414-416 

Ampere and volt, meaning of.207-441-489 

44 as applied to generators...837-410 

Ampere capacity of wire.427 

Amperes, consumed by electric lamps.483-434 

41 consumed by starting motor.410-416 

44 oousumed by electrio vehicle.477 

Ampere hour .......489-441-861 

44 heur capacity of battery.861-441-467 

44 -meter—see also ammeter... .403-402-414-410 

Amperes, hew to measure. 414-410 

Amperage of Delco generator.:.. .890 

4 4 4 4 generator, average .871-410 

4 4 4 4 lamps.432-488-467-410 

44 regulation . 843 

44 to speed ef generator.890-410 

Anderson valve grinder .616 

Angle iron.710 

AnneaYfafeg .718 


Annular ball bearings . 

Anti-oloekwise and elookwise .MM2 

Anti-freezing solutions . 198-488 

Application of starting motor to engine....887 

Arbor press .605 

Aro burning, meaning of .488 

Are burning outfit for battery.471 

Area of a eirelo.688 

Area of a triangle.50 

Army truck gear shift.401 

Armature .257-886-274-228-826-887 

coil, if burned out .411 

construction of, for magneto.169-271-290-804 

core, lambasted . 258 

displacement type.888 

high tension .271-266-288-290-894 

how one serves for motor and genera¬ 
tor .847-862-881-887 

inductor type ..264 

inductor type magneto.266-268 

(magneto) speed of inductor type.268 

of generator ..212 

44 magneto and interrupter, position of..808 

44 magneto, setting ef ..296-810-818 

44 magneto, speed relation of... .296-806-818 

relation to Interrupter ..808 

relation to distributor on magneto.801 

shaft .276 

(shuttle type) ...266-258 

speed, of magneto .294-424 

torque test .411 

troubles.411-416-801-804 

winding, magneto.266-258-268-269-271 

winding (Deloo) .881-587 

tests.402-406-410-414-416-424-418 

test (magneto) .801 to 804 

44 winding, generator .828-225-882-888 

Artillery type whoels. 18 

Asbestos gaskets ..717 

A. 8. M. B. screw thread table. 708 

Assembling a four cylinder engine. 62-68 

44 truck rear axis...761 

A. T. M. (atmospheres), meaning of.488 

Atmospheres, reading of .486-488 

Atmospheric pressure.718-582-168-920 

4 4 4 4 at sea level.589-920 

Attaching and detaching tires...566 to 558 

44 charging wires to battery..780 

44 magneto to engine .801 

Attachments for carburetor .158 

Atwater-Kent, a single spark ..250 

44 4 4 depolarizer switch .248 

4 4 4 4 ignition system .247 

44 ignition system, adjusting of.. .248-250 

44 14 system, wiring of .241 

4 4 4 4 timing for Ford.810-810 

4 4 4 4 timer gap . 250 

4 4 4 4 v timing, oiling of....247 

Automatically operated inlet valve.91 

4 4 4 4 needle valve .172 

Automatic advance governor.246-249 

4 4 4 4 of magneto.287-281 

4 4 4 4 of spark 7.246-249 

4 4 4 4 reason for ..907 

44 controller of electrio current...842 

44 control of spark, Delco.876-288 

4 4 cut-out ..887-884-842 

44 electro magnetic gear shift...880 

4 4 gas generator .. 487 

44 regulator, electrio.. .848 to 860 

4 4 shifting pinion starter ........ 826-881-880 

44 spark control . 246-240 

Autogenous welding .710 

Anto Club of America.582 

Auto-lito cnt-out. 850 

4 4 4 4 starter and generator, on Ohevrolet.864-368-959 

4 4 4 4 generator brush adjustment.854-858 

4 4 4 4 generator fails to generate full output 409-856 

Auto mechanician, meaning ot .594 

44 mechanicians outfit . 592-594 

Auto-Ped .758 

Auto race, first .581 

44 right side of . 582 

44 salesman and pointers.529 to 588 

Ante show, first .581 

44 trade publications .519 

44 words, pronunciation of .60 

Automobile; assembly of.19 

44 cleaning of .507-698 

4 4 electrio . 471 

44 first .511 

44 functions of principal parts.19 

•' how to ship .589 

44 laws, different states. .622-60 

44 manufacturers' addresssa .581. 

44 everhauling of . 594 

repairing business, how to start.697 

44 repairmen .598 

" right side ef .188 




















































































































































































Aatemebiles no longer manufactured, where to 

obtain parts.547 

IniHwj air inlet .147 

44 air valve, its purpose.150 

44 air valve (Packard) .855 

44 hand air pump for gasoline.854 

44 bead lights .857 

44 spring adjustment on carburetors.168 

Avenge valve timing .114 

Aviation engine, Gnome (see supplement).138 

44 engine, Wisconsin—see supplement. 

Axle adjustments .669-672 to 679-750 

44 shafts (Oadillac) removal of.679 

44 shafts, how fastened to differential.669 

4 * stand, for repairing.605-730-797-709 

Axles . . .2-31-50-669-672 to 679-750-931 

Axles (dead) ..81-746 

44 floating and semi-floating, advan¬ 
tages of .532-669-81 

44 front. 91 

44 full floating .31-33-669-532-931 

44 housing, lubrication of .204-205-669 

44 internal gear drive .678 

44 live .31-50 

44 oil leaks .678 

44 rear .31-88 532 

44 removal of .83-932 

44 semi-floating ...33-669 

44 straightening of.709-737-782-584 

B 

k-flring in muffler .580 

44 (popping in carburetor).170 

44 valves open too early. 98 

lash, taking up .673 

how to cut.518 

_i plate to prevent excess of oil.652 

Baker beited-on rim .657 

Balanced crank shafts .632-122-78 

Ball air adjustment of carburetor.150 

44 air inlet of carburetor.152 

44 and Ball carburetor .864F 

44 and socket gear shifts .490-49 

44 and spring oil regulation.198-200-741 

44 bearings. 36 

44 bearings for engine .640 

Ballast coil .389 

44 resistor .847-848-428 

Barrel type crank case, explanation of. 62 

Banes steering device .691 

Basse for electric lamps .483 

Batteries, (dry) weak .241 

44 how rated in ampere hours.416 

44 sulphated.456-44A 

44 two sets how used with coil.226 

Battery (storage) see also storage battery. .489-421-411 

44 4 4 action of.447 

44 44 acid .448 

44 44 adding water .454-455 

44 4 4 adjusting gravity .471 

44 4 4 and coll ignition systems. . .242-245 

44 44 4 4 dynamo lighting method...481 

44 4 4 assembly.444 

44 44 electricity not stored.447 

44 boat, acid proofing or painting.473 

44 capacity .441 

44 ears of . 454-421 

44 case. 469 

44 cell assembly . 445 

44 call connections.443 

44 cells.445 

44 charge, when complete .459 

44 (12 volts) charged from a 6-volt generator. 868 

44 dharging.459-447-470 

44 44 and repair shop .601 

44 44 (12 volt) battery from 6-volt 

circuit .465 

44 44 circuit.461 

44 44 equipment (lamps) _460-461-465 

44 4 4 Ohms resistance .464-468 

44 4 4 outfits .462-464 

44 44 pole finding not necessary with 

rectifier.468 

Battery charging principle, simplified .447 

44 4 4 rate.459-461-467 

4 4 4 4 rectifiers.463 

44 44 resistance required .461 

4 4 4 4 reversed .459 

44 44 volt meter test.460-453-461-416 

-410-864D 

44 4 4 when sulphated .461 

44 cleanliness.455 

44 cold weather .422 

44 coil and magneto, disadvantage of.255 

44 coil timer and magneto ignition.276 

44 compound for sealing.474 

44 connections, (miscellaneous). .422-428-444-466 

44 connector, boring of—to remove.468 

44 connectors, burned and bolted.468 

44 connectors, burning of .470-471-472 

44 connecting to generator.421 
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Battery constantly discharged .422-416-410 

construction .443 

cracked, sealing compound .478-474 

current, direction of flow.444 

current, how to save .422 

disassembling.463 

discharges.422 

disconnecting of .423 

disconnecting on Reo.372-423 

discharge and overcharge .448 

does not stay charged.422 

double voltage system .456 

(dry cell) .207-210-214 

(Edison) .475 

electrolyte .448 

44 freezing point of .451 

44 spilled.455-473 

44 put in same cell.451 

element, what constitutes.442-445 

element assembly .470 

filling cell wifh electrolyte after repairing..470 

floating on the line .834-887 

(forming the plates) .447 

for starting and lighting.421 

gassing.447-489 

gives out on road . 584 

gravity at end of charge.461 

44 constantly high .458 

44 low, cause of .457 

44 meaning of.447 

(gravity of) for starting motors.451 

gravity too low .458 

grid.445 

grounded.425 

heating of .448 

how to crate for shipment.478 

how to determine size to use.448 

how to determine the number of cells, 

plates, etc. by number on battery.443 

how to disconnect .428 

4 4 4 4 remove plate .469 

4 4 4 4 seal .470 

4 4 4 4 tell when charged .450 

4 4 4 4 tell when needs charging.458 

hydrometer for testing.450-447-451-457 

hydrometer reading, when to take.451 

idle for long period .455 

if charged and new solution added.470 

if repaired for a short circuit.470 

impurities in electrolyte .469 

indicator .410 

information, (miscellaneous) .470-471 

inspection of parts .469 

internally short circuited .418-422 

jar.444 

jar cracked and trouble.471-457-586 

(lead burned) joints .445 

lead sulphate forming in.447 

manufacturers address . 478 

negative gives less trouble than positive. .469 

of electric vehicles .477 

(on Buick) .442 

overcharge .448 

overheating .467-458 

out of service .455 

parts of .442-444 

paste for plates .445-447 

plates buckling .456-457 

plates, color of .445 

plates (Plante and others)..445-440 to 442-444 

plates, straightening of .468 

plates, sulphated'—cause of.456-457-448 

plates, why odd number.446 

pointers .458-459-416 

poles, how to determine.212 

put in use after long period .455 

reassembling of .470 

rectifier, home made .468-464-466 

removing of .428-845 

repairing.-.468-471-472-456 

repairmans tools.474-414 

resistance units .468-464 

reversed connection .421-459 

sediment, causes of.457-469-456 

separators, (inserting) .468-470 

short circuits, usual causes of.466 

solution. 448 

specific gravity .449-451 

sulphation.448-456-457 

supplies.474-478 

(6 volt) supplying 8 volt lamps.466 

(18 volt), supplying 8 volt lamps.466 

(24 volt), supplying 12 volt lamps.466 

temperature .449-461-471-448 

terminal properly grounded.408 

terminals .489-421-458-471 

terminals how to connect.421-445 

terminals reversed .421-417 

terms, meaning of .489 

tester .452-450-416-410 

test for short circuits.413-406-416 




























































































































































































870 GENERAL 

Battery testing with switch off.421 

“ test with volt-meter .416-410-453-864D 

“ thermometer.449-450-451 

44 troubles, cold weather .422 

41 troubles-, miscellaneous 416-421-422-456-457-458 

“ troubles, remedies for .416-422 

44 troubles located with hydrometer .457 

44 type numbers explained .443 

“ voltage.443-453-370-440-447-410-416 

41 voltage at end of charge. .461-453-460-410-416 

44 volt-meter for testing.414-410-416-453 

44 water, adding proper kiuu .454-455-456 

“ water, how to distill.474-709 

44 weak.421-422 

“ when cut-out is not used with.422 

44 when disconnecting .421-423 

4< when to put in separators.470 

14 wheh to tear down for repairing.463 

” will not take charge.458-416-410 

44 wood and rubber separators.445-444-469 

14 work bench .474 

44 work, prices to charge.473 

Baums scale .452 

Bayonet lamp base.482 

Beads of tires, types of.552-553 

Bearing bushings .641-648-644 

44 (engine) adjustments . 641 

44 knocks, how to test for.638 

Bearings, plain.72-644-208-641-837 

44 (adjustable type) .643 

44 burnt and “burning in”.643-201 

44 connecting rod .72-647 

“ engine, how oiled. 198-200 

44 engine, testing .507-641-643-507-837 

44 engiue worn, how to determine.647 

. 4 4 fitting to engine .647-837 

44 for engine and adjusting of 72-640-507-837-888 

4 4 for piston pin.644-643 

44 now damaged .202-203 

44 kind used on leading cars.543 

44 main and connecting rod, fitting. ...641-647 

44 Packard “twin-six” .853 

44 (oil grooves in) .208-644 

4 4 roller, ball and thrust.. 86-673-674-687-640-588 

44 scraping of .642-643 

44 six cylinder engine. 123 

44 taking up and testing .641-837 

44 Timken roller .687-673-674-36 

44 worn.641 

Beams of light, meaning of .438 

Bell crank; on brake rods . 6 

Belts for fans. 187 

Bench drill . 613 

Bending tubing .713 

Bendix electric starter .326-331 

“ starting motor drive method.331-342 

“ starter system, care of .831 

Bent fenders etc.; how to straighten.745-781 

44 frames, how to straighten.731 

44 axle, rear and front.709-737-782-584 

Benzol .589 

Berline; definition of.15 

Berling magneto .304-312-926-927 

Bevel gears .35-19-780 

“ 44 how adjusted .21-673-674 

44 “ spiral ty^e . 21 

4 4 4 4 where principally used . 21 

44 44 worm type . 21 

44 type steering device.692 

Besel, on what used.512 

Bicycle; high snd low gear. 12 

Bijur double gear drive motor.328-857 

44 generator and controller.857-925 

Bins for the stock room..606 

Bi-polar.828 

Biplane.900 

Blacksmithing, equipment for .615 

Black smoke, cause .202-652-169 

Block and tackle for pulling car out of hole.734 

Blow cock for air line .789 

Blow-outs and why .566-590 

Blow-out of inner tube .572 

Blow-out of tire .566 

Blow-outs, repairing of, with electric vulcanizer. . 575 

Blown fuse . . ..428-415-417-419-420 . 

Blow pipe torch .592-711-713-615 

“ torch, home made .696 

Blue book for touring .520 

Blue smoke, cause .202-652-169 

Boat horns .514 

44 Ford engine in ...825 

Bodies; classified . 15 

44 metal; how to straighten .745-731 

Body builders, addresses of .762 

44 polish .507-503 

44 removing of .678-743 

44 what type to use.527 

Boiler of steam cars .763-764 

Boiling point of water, alcohol, kerosene, gasoline. .585 

Bolts snd screws, S. A.' E. and U. S. S.612-701 

Book (guide) for touring .520 

s on lathes . 617 


INDEX. 

Books on oxy-acetylene welding.719 

Bore and stroke, meaning of .61 

4 4 4 4 of engines of leading cars.. 542 to 649 

Borg and Beck clutch.42-668-842 

. adjustments .66» 

Bosch, battery and timer ignition.276 

44 double ignition system .276 

44 dnal magneto, timing of .212 

44 dnal magneto relation of armature to 

distributor .801 

4 4 4 , DU4“ magneto and synchronising of.801-266 

44 electric system on Marmon.801 

44 generator principle .669 

44 ignition timer and adjusting of.262-256 

44 interrupter (magneto) .296 

44 magneto . 286 

4 4 44 NU4” magneto system .264 

44 starting motor .;.860 

44 “two point” ignition system .277-264 

4 4 4 ‘two spark” Ignition system.277-286 

44 * vibrating duplex system .266 

4 4 4 4 ZR” magneto, setting of .610 

Bottoming tap .704 

Bowden wire . v .801-176 

Box pit, for working under a car .789 

Boyee motometer .168 

Brake adjustments .684 to 689 

4 4 4 4 Chevrolet .672 

44 cam type . 086 

44 care of .666 

41 cleaning of .688-690 

44 (clutch) ..666 

44 bands, fitting .688-689-690 

44 bands, bow to clean .668 

44 drums; where located.6-684 to 689 

44 electric .479 

“ external contracting band type.660 

4 4 equalizer . 60 

44 fails going down hill .666 

44 horsepower . .666 

44 how to use.494-491-498 

44 horse-power test .626 

14 if fails .495-491-498-686 

44 internal contracting band type.686 

41 lining.688-691-689-690 

44 lining counter sink .616-690 

4 4 overhauling of . 668-689 

44 pedal adjustment .69l 

44 Presto vacuum .479 

44 purpose of . 11 

44 squeaks.80-684 

44 Timken type .684-686-667 

44 toggle type . 667 

** truck type .761 

44 types of .89-686-687 

44 using engine for .494-688 

Brass snd nickel polish . 608 

44 cleaning of .401-741-608 

Brazing. 097-718 

44 torch.•.712 

Bread, how to bake .619 

Breaker box, how to install.264 

44 gap distance of magneto.288-298 

44 points, magneto .312-298-609 

Breast drill .614 

Breather, purpose of .197-786 

Briggs standard thread .708 

Briscoe spark and throttle ‘.497 

4 4 specifications .646 

44 wiring diagram .866 

British Columbia auto laws .624 

Broken gasoline pipe.712 

44 piston rings . 691 

i 44 wires, testing of .241 

Bronze bushings .644 

Brougham; definition of . 16 

Brush type distributor .269 

Brushes, broken connection indication.412 

44 carbon and metal (Delco).. .404 

44 care of .406-408 

44 electric motor .826-881 

Brushes holder loose . 408 

44 how to change charging rate by shift¬ 
ing (Delco) . 406 

44 sparking at.409 

44 fitting of .406-404 

Bryant valve spring remover ...616 

B. S. gauge of wire.487 

Bucking coils .884-666 

44 series, regulation .846 

Buckled battery plates .456-457-468 

Buckling, meaning of . 469 

Buffer blocks, where need .622 

Bnick adjustment of transmission .670 

“ 4 4 4 4 clutch .606 

44 carburetion heating method.167-170 

44 clutch (see also Insert No. 1). 606 

44 clutch tool .742 

44 Delco system .861-806 

44 electric switch .678 

44 engine (see also Insert No. 1).... .44-100 

44 gear shift .467 
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Buiek ignition setting .109 

" “ timing of .245-809 

" rear axle adjustment (also Insert).676-677 

*' re-designing old car .762 

** removal of rear wheels .677 

" removing push rods .742 

•• sise and type of battery.442 

" "six” clutch .Insert No. 1 

" socket wrenches .592 

" spark and throttle control.496-497 

1 * specifications .548 

" steering device .698 

• 4 valve clearance, adjusting of.109-94 

** grinding.742-688 

4 4 44 timing .109 

Building a four cylinder Engine. 62 

44 14 garage for business.596-697-598 

44 4 4 4 4 for home.619 

Bulbs, (electric), size to use on leading cars.484 

44 (see lamps, electric) .432 

Bumpers .17-611-514-736 

44 for rear of car .786 

44 how to straighten .731 

Burner for Stanley steamer.763-764 

Burning connectors of battery .471-472 

44 point of oil .201 

44 strip for battery .439 


Burnt bearing or bushing.643-201 

Bushing a valve guide .684-791 

Bushings, removing of .644-650-824 

44 for bearings .641-643 to 645-203 

Butterfly throttle valve .152-153-154-146 


Gable or wire for starting and lighting. .425-426-428-240 


Gables for magneto .297 

Gedillac adjustments, (ignition).182 

44 air compressor .662 

44 and Hudson Delco system (1914).879 

44 axle shaft removal of.679 

44 carburetor .130 

44 chain adjustment .729 

44 clutch.*. 40 

44 condensing device .780 

44 Delco electric system .896-182-188 

44 disconnecting battery .423 

4 4 electric system .182-188-396-542 

44 engine.127 to 133 

44 firing order .181 

44 gear shift .183 

44 ignition timing ..132-729 

44 (1914) magnetic latch .483 

44 radiator repair .714 

44 rear axle adjustment .674 

44 re-designing old car .762 

44 removal of rear'wheels .677 

44 replacing silent chain .729 

44 spark and throttle control .496 

44 specifications.543 

44 test light for ignition timing.729 


44 (1914) two-speed rear axle.488 

44 valve timing .108-729 

44 wiring diagram .188-896 

Gadmium test of storage battery. ..864D 

Oast type valves, grinding of.631-91 

Calcium chloride for non-freezing solution.193 

Calipers.614-700 

Gam and fly wheel, direction of travel. 89 

Camber of front wheels .683 

Camping outfits .516-743 

Cams and cam shafts..87-68-94-116-120-121-128-187-139 

44 how they tell order of firing.120 

44 on interrupter .809-298 

44 quiet. 99 

Gam shaft, Cadillac engine .129 

44 “ drive, leading engines .548 

44 4 4 (6-cylinder) illustrated .121 

4 4 4 4 overhead .90-136*109-911-912-916 

4 4 4 relation to cam and valves.120 

44 4 4 removal of.650-853 

44 4 4 setting, Packard .863 

4 type brakes .686 

Oaaadlaa auto laws .524 

Canal Zone laws.524 

Candelabra screw lamp base.433 

Canned goods, when touring.520 

Candle power and voltage of lamps. .. .431-432-434-467 

Oantilever springs . 27 

Oanvee fenders for rscing.816 

Capacity of fuses .428 

4 * of a pipe .539 

Cape chisel .700 

Gap screws .701 

Oarblde gas generators .487 

Care of clutch .661 to 668 

Cardan joint, meaning of .582 

Gar lifting device .734 

Carbon .202-623 

44 and spark plugs .288 

44 brushes on magneto .800 


Oarbon brushes used on Delco generator.404 

cause of .202-623 

44 cleaning.624-625-726-727-610 

44 collection top of piston.652 

44 indications .625 

44 preventative .625 

44 relation to combustion .628 

44 4 4 4 4 lubricating oil.628-202 

44 removal, water injection.735 

44 removed, prices usually charged.595 

44 scrapers.592-624 

44 where usually deposits. .628 

Oarborundum cloth, valve reseating tool.632 

Oarburetion, air washer for .828 

44 at night .685-168 

44 at sea level .168-585 

44 during cold weather .170 

44 kerosene difficulties .891 

44 Pitot principle .800-177 

44 water feed principle.828-754*735 

44 principle of.142-57 

44 and spark lever.67-222 

44 simplified. ..144 

44 vaporising. 165 

Oarburetor acceleration .160-161 

44 adjusting.166-171-174 

44 adjusting screw .148 

44 adjustment for winter .170-168 

44 air control .170 

4 4 4 4 regulator.159 

4 4 4 4 type, disadvantage ...150 

4 4 4 4 valve .150-801 

, 4 4 4 4 valve type .149 

44 attachments .158 

44 automatically operated needle valve.... 172 

44 auxiliary air .147 

44 back firing of .170-169 

44 Ball and Ball .864F 

44 ball air type .162 

44 Cadillac.130 

44 Garter .179 

4 4 compensator . . . ..182 

44 compensation jet type .149-151 

44 concentric float type .145 

44 dash pot .150-172 

44 double jet .148 

44 double type . 754 

44 drips.580-585 

44 electric heating.157 

44 exhaust gas heating.167-170 

44 expanding type .149-151 

44 flange packing .159-164 

44 flexibility of control .150 

44 float.148-147-145 

44 float adjustments .160-166-167-163 

44 float chamber .147 

44 float-feed.141 

44 float level .*.147 

44 float valve tester .787 

44 flooding of .171 

44 for «'V 44 type engine .171-182 

44 tractor engines .881-827-754 

44 Ford type .166-798 

4 1 freezing.754-158-586 

44 gaskets.164-169 

44 gasoline level .167 

44 heating methods. .. 155-157-159-160-170-744 

44 heating method, home made.744 

44 heating mixture .159 


4 4 4 4 4 4 4 4 4 4 gasoline ...167 

4 4 4 4 4 4 size of.158 

Holley, kerosene.828 

Hudson .188 

idling.158 

if too large or too small.158 

injection of steam .735 

intake manifold .159-164 

intake manifold hester.157-744-160 

Johnson.184 

kerosene and gasoline.166-754-160- 

891-827-754 

Krebs principle .144 

leading types of .171 

loading up of .175-686-689-678 

main air supply .147-148 

manufacturers addresses .161 

Marvel .179 

Master .186 

Maybach principle.144 

mechanically operated needle valve.174 

metering pin type.149-151-188 

Meyer .180 

mixing chamber .147 

mixture .168 

44 at low speed and high speed... 168 

44 how to determine.685 

mixture how to test.169 

motorcycle type .845 

multiple jet .148-179-180 

old, how to increase efficiency.744 





































































































































































































872 (ilONKRAL 

Carburetor on the Dodge .178-733 

“ on the King. 864F 

“ 'on the Overland.188 

44 on the Packard .855 

“ on the Studebaker .172-864F 

" overloads .686-175 

“ parts of .145 

44 parts to adjust .166 

* * passage area, size of.158 

44 Pitot principle .177-800 

“ plain tube type .176-177-800 

* 4 principle'.142 

" priming rod .160 

44 Rayfleld.151-175 

44 refrigeration .754-158 

“ Schebler.148-172-178-174 

41 side float type .145 

44 single jet .148 

“ springs .147 

44 spray nozzle.147 

44 Stromberg.176-178-184-927 

* * surface type .142 

44 temperature regulator .155-159 

44 tickler.145 

•' Tillotaon .183 

41 throttle valve .148-152-158 

44 tractor engine .831-827-754 

44 troubles.....166-578 to 581-800-184 

4 4 used on leading cars. 543 

44 used on two cycle engine.756 

44 valve springs .147 

44 Venturi. 152 

44 warm air, how drawn in .169 

44 water injection .785-754-828 

44 why popping'and back-firing.170 

44 with governor .747 

44 Zenith. 180-182 

Oare of a car .505 

“ 4 4 4 4 4 4 daily, weekly, etc.510 

4 4 4 4 battery .454 

“ 44 chains .18-749 

4 4 4 4 clutch ....661 to 668 

4 4 4 4 generator .408 

4 4 4 4 magneto .297 

4 4 4 4 starter motor (Bendiz) .331 

1 4 4 4 starting motor .407-408-331 

4 4 4 4 storage battery .454 

4 4 4 4 tires.565 

44 tests and adjustments, Delco system. . .897 to 406 

Oar, heating of.192 

44 overhaul .620 

44 skids.495-588-590 

Oars no longer manufactured, where to obtain parts.547 

Carter carburetor .148-179 

44 car friction disk type . 47 

44 gasoline pump system.164 

Carriage bolt .701 

Case hardening .695-696 

Oast aluminum .721 

44 iron, cleaning of .401 

44 iron welding .721 

44 steel.721 

Castellated nut .701 

Castor oil as a lubricant.682 

Catalogues, where to obtain—see addresses.588 

Caterpillar tractor .880 

Cause of knocks .63$ to 639-580-591 

4 4 4 4 loss of compression.628 

4 4 4 4 4 4 4 4 power .626 

4 4 4 4 mis-firing.785 

4 4 4 4 noise in timing gear.588 

4 4 4 4 piston ring troubles .656 

4 4 4 4 tire troubles .566-567 

4 4 4 4 troubles, how to reason out.576 

Cell, meaning of.489 

44 connections of battery .448 

4 4 connector .439 

Cells, dry.211-214-589 

44 for battery .445-439 

44 secondary .211-214-445 

Cellular radiators .187 

Cementing inner tube patch .569 

Centigrade to Fahrenheit .540 

Centimetre, what part of an inch.541 

Centrifugal governor control of generator.884-351 

* 4 governors for engines.840 

44 pumps for circulation of water.187 

44 type speedometer .518 

Chain adjustment .369-648-749-113-729-733 

“ adjustment, importance of.729 

Chains, care of .18-749 

44 cleaning of .749-741 

Chain drive, advantages and disadvantages. 19 

44 drives .18-747-749 

Chain hoist.605-615-617-618 

Chains for tires (non-skid).550-551-559-560 

44 how to store in car.590 

44 Morse.728 

44 on Overland engine .648 

44 roller type.18-749 

44 side to put on .651 


INDEX. 

Chains, silent .21-87-369-411-728-729 

“ silent, adjustment of.. 728-229-411-369-729-788 

14 solid tires .500 

44 sprocket.21 

44 tightener .048 

44 using oversize .MO 

Chalmers electric system .857-858 

firing order and valve timing_124-857-542 

44 gear shift .497 

4 4 4 ‘non-stallable" (former electric system) .852 

44 rear axle adjustments.074-078 

44 removing timing gears.818 

44 spark and throttle control .496-497 

44 spark timing '.817 

44 specifications.542 

4 4 4 4 six-30’ 4 wiring diagram.817 

44 valve and ignition timing .816 

44 valve grinding .187 

Chamois skins .082 

Champion plug cleaner .582 

Chandler gear shift .500-542 

Change gear principle . 12-5 1-46 

44 speed gears; different methods of connecting 18 

44 speed gears; purpose of .12 

Changing gears .488-486-490-498-51-48 

44 “ pointers on .498-488 

44 poles of a generator .421 

Channel iron .710 

Charge amount of generator average.871 

44 rate .488 

Charges for demonstrating trucks.747 

44 for overhauling a car.595-794 

44 for oxy-acetylene welding.725 

44 for tire repair .work.574 

Charging action of battery.447 

44 battery alter repairing.470 

44 battery, determining when fully charged.459 

44 batery, how to tell when needed.458 

44 battery, object of, simplified.447 

“ batteries, lamp resistance for.... 465-401-400 

• 4 circuit for battery .401-410 

44 rates for battery ..401-467-459 

44 rates of generator, how to change—405-890 

“ storage battery from gen. on eng....887-410 

“ storage battery with generator.827-410 

44 12 volt battery from 6 volt circuit.465 

44 outfits for batteries .462-464 

Chassis, Locomobile .44 

44 of a truck .747 

44 of Studebaker and Hudson .204 

4 * what consists of .7-10-15 

Chauffeur’s examination questions.524 

44 license .522-528 

Checking magneto timing . 818 

44 sheets, for garage use .600 

44 valve timing .118 

Check sheet for repairman .740 

44 valve for two cycle engines.758 

Chemical generator of electricity.210 

Chevrolet adjustment of brakes and rear axle.. 072-071 

4 4 ** 4 4 transmission .. . . .671 

44 clutch repairs . 

4 4 electric system . 

44 firing order . 

44 ignition timer .258 

4 4 4 4 timing .864 

44 spark and throttle control .490 

44 specifications.542 

44 valve timing, grinding valves.680 

44 wiring diagram.864 

Chisels .700 

Choking air supply of carburetor.169 

Christensen engine starter .821 

Chrome steel .721 

Chuck for lathe .615 

Circuit breaker.428-877-889 

4 4 4 4 Delco.877 

4 4 4 4 or interrupter of magneto.272-296 

44 grounding of .218 

44 high tension coil .220-281 

44 breaker troubles .877 

Circulating pump .*.65-180 

4 4 4 4 leaks .198-191 

4 4 lubrication systems .196-182 

44 splash oiling systems .200 

44 water pumps .187 

Clashing gears in transmission .668 

Cleaner, blow cock for.788 

44 for spark plug .198 

44 spray type for engine .621-749-194 

44 for wind shield .786-068 

Cleaner for window .786 

Cleaning a car ..*. .507-595-620-021-741 

44 and polishing, price charged.596 

44 brass parts .741-401-598 

44 brakes .688 

44 brushes for generator .496 

44 carbon . 624-628 

Cleaning chains.740-741 

“ commutator . 
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Gleaning crank case .201-595*621 

distributor .254 

engine .201-621-594-740-491 

engine, price charged .... /.595 

fenders.590 

gaa tipa .486 

glass.508-485 

metals (various kinds).401 

oil pump and pipes.200-709 

oil regulator.741 

pistons.651 

radiator.191-789 

reflectors. 435 

spark plug.285-237-589-592-595 

tank .740-744 

top.508 

transmission.671 

upholstering.509 

Clearance, of car ... 17 

of piston .649-651-792-588-75-645 

of piston ring gap .649 

of valves . 94 

Cleveland tractor .830 

Click in front wheel.681 

Clicking of Delco driving clutch.883 

Climbing a hill .491 

Clincher tires, attaching and detaching...558 

“ tire, will it fit a Q.D. rim!.558-586 

“ rim and measurements .551-554 

Clock, for dash.849-611 

Cloekwlse and anti-clockwise.296-313 

Closed circuit ignition system .242 

“ and open circuit principle of ignition.243 

Closing and opening of inlet valves .. 96 

Clover leaf, meaning of . 15 

Clutches .37-661-931 

Clutch adjustable pedals.662 

adjustment of Borg and Beck.42-43-668-842 

“ “ Buick.665 

“ “ Cadillac . 40 

“ “ Chevrolet .665 

“ ‘ 1 Dodge .666-932 

" “ Hudson .666 

“ “ Overland.666 

“ “ Reo.667 

“ ‘ ‘ Studebaker.665 

air or magnetic type.481 

brake.665-668 

Buick .Insert No. 1 So 665 

cone-type.39-660-662 

disk type .41-666-667-663-931 

drags, cause of .661-663-580 

dry disk type.42 50-668 842-932 

expanding.39-662 

for Delco motor .887 

“ Delco generator .386-398 

“ starting motor.341-351-690 

grabs or is fierce .580-663-662-668 

Hele-Shaw. .. 40 

how removed .662 

how to use properly .661 

importance of .493 

“in” and “out”.37 to 39-41-51 

internal expanding .662 

leather, best kind to use .661 

leather oily, result .580 

“ treatment of .660-661-664 

' * worn.662 

lubricated type .40-203-668 

multiple disk .41-666-667-663-779 

operation .39-661 

overrunning principle .341-385-398 

pedal. 89 

“ adjustment .662-665 

relining.660-664-982 

repairing .660 to 668-932 

roller type (starting motor).351-690 

single plate.41 to 43-50-663-668-842 

slipping .661-668 

spider .662-931 

spring.661 

spring compressor, Dodge.932 

spring tool, Ford .819 

spring tool. Overland and Reo.647-744 

springs, replacing of .663 

“thrown in” and “thrown out”.. 37 to 39-41-51 

troubles.660 to 665 

Clutch, types of .39-38-40-42-661-779 

Coasting.494 

Coes monkey wrench .614 

Coil and battery ignition .242 

and spark plug troubles .283 

condenser .227-228-245 

four cylinder vibrator type.226 

high tension .218-219-220-221-281 

“ “ as used with generator.245-841 

“ “ and low tension magneto.269 

“ “ testing of. .234-235-236-302-398-402 

-710-253-416-418-245 

" ignition systems, disadvantages of .256 

Coil ignition systems, general review of.255 

“ “ (Delco) .878 


Coil jump spark.218-219-220 

“ low tension type .215 

“ low tension ignition .206 

“ Master vibrator .282 

“ non-vibrating .235 246 

“ of magneto, how to test.301-302-304 

“ secondary of magneto.269-304 

“ sise wire used .240 

‘ ‘ testing of generator armature 402-406-410-424-418 

“ unit.808-808 

“ vibrator, explained .228 

“ winding (primary) .215-221-246 

. “ winding partially short circuited.286 

“ wire for .428-240 

“ with vibrator, disadvantages of.265 

“ with vibrator, timing of .815 

Cold chisel .700 

“ draft preventive .740 

“ test of oil .201 

“ weather precautions.193-451-585-586-589-804 

Cole-Delco, wiring diagram.892 

Cole gear shift .499 

“ spark and throttle control ..499 

“ specifications.548 

*' valve tool .688 

Color of smoke, what it indicates.. 169-202*652-580-588 

Color of storage battery plates.445-447 

“ “ “ “ terminals .421 

Collector ring for magneto .969 

Collet, for die .704 

Collision insurance .521 

Combination pliers .614 

“ switch, Delco .876 

Combining magneto and coil ignition......287 

Combustion and spark, relation of .307-819 

“ chamber.88 

“ relation to time of spark.807 

Commercial cars and how to select.747-528 

Commutator.61-225-84-242-222-227-825-407-805 

“ and distributor .242 

“ brush fitting and trouble.404-409 

“ care of and greasy.409-407 

“ mica, how tu undercut.409-404-748 

“ of generator .838 

“ of generator, how to dress.. .409-406-748 

“ or timer how helps control speed.221 

“ principle on electric motor.323-825 

“ relation to dynamo .227 

“ repairing .409-404-748 

“ sand papering of .404-406-409 

“ segments.227-404 

“ sparking .409-404 

“ testing for roughness.404-406 

“ troubles, cause of... .241-825-404-409-804 

“ turning down on lathe.404 

Compass for finding N. and S. pole of magnets. .303-805 

how to use watch as.516 

“ how shows flow of current.221 

Compensating gear (see also differential) .... 85-18-669 

“ jet type carburetor . 149-151 

Compensator for over voltage protection.428 

“ for carburetors .182 

Compressed air starter .322 

“ air tanks .564 

Compound armature .274 

“ hand air pump .562 

11 winding.332-388-385 

Compression .61-219-307-627-640-793-817-790-909 

advantages in overhead valve type. .. .627 

“ affects spark .817 

“ altered by change of bearings.648 

“ average of engines .627 

“ cocks. 87 

“ determined with throttle open.627 

“ effect and cause .627 

“ kerosene used .828-627 

“ knocks .638 

“ leak between cylinder wall and piston 629 

“ loss of .629-626-628-630 

“ lower when kerosene .828-627 

“ Packard.858 

“ or relief valves . 87 

“ relation to gaskets.627-640 

“ space in engine .627-793 

“ stroke.57-116 

“ testing of and gage.629-627-628-739 

“ whistle .514-515 

“ (air) for shop use .564 

Compressor for air .564-562-553 

“ for clutch springs.932-664-647-742-744-819 

Oompressometer .629 

Concentrated sulphuric acid .448 

Concentric float carburetor .145 

“ piston ring .651 

Concrete, how to mix.619 

Condenser, defective . 303-398-245 

“ for coil.228-229-245 

“ for magneto .269-273-303 

“ for water, Cadillac .730-709 

“ function of and on Delco coil.229 
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Condenser, testing of .245*803 

Condensing device for alcohol (Cadillac).780 

Conductors of electricity .206*207 

Conduits.426 to 428 

Cons clutch principle and repairs.30-660 to 665 

Conical type valve . 92 

Congested districts, meaning of .503 

Connecting rod .63-75-648-645-85-646-837 

“ 44 alignment, testing of.646*649-733*659*887 

4i 44 bearings .73*641 

44 44 bent, cause of knock.659 

44 generator to battery .421 

44 44 lower bushing .645 

4 4 4 4 shims.641 

44 rods and pistons, lining up.659-646 

44 rods, require side play .645-646 

44 44 yoked and side by side. . . .75-127*129 

4 4 4 4 4 4 V” type engines .75-74-78 

Connecticut ignition on Chevrolet .364 

44 ignition system; adjusting, etc.. .251 to 254 

44 shock absorbers.782 

44 thermostat .246-254 

Connections of battqyy, miscellaneous..466-421-422-459 

44 44 battery, how to make...428» 

4 4 4 4 battery, reversed .421-459 

44 grounded .209-218-240-425 

44 loose.241 

44 of cells .212-214-444-466 

4 4 4 4 dry cells .207-209-214 

4 4 4 4 magneto armature winding.258 

4 4 4 4 Splitdorf coils .-.228 

4 4 4 4 volt-ammeter how to make,..414 

4 4 4 4 of wire, how to make.240 

4 * on distributor .295 

44 parallel .2f>«-214 

44 series and series-multiple.207-209-214 

Connectors of batteries, burned and bolted.468 

44 for wires .428-240 

Constant current or amperage regulation 

principle.843-345-925 

44 for horse power formula.534 

44 or continuous current ...211 

44 source of electric supply.242-341 

44 speed drive of generator .334 

Contact breaker box, how to install.254 


of magneto (see interrupter)Outler-Hammer magnetic gear shift 


Crank case depth of oil in.,.196 

4 4 4 4 hot. ) . 580 

Crank case six cylinder .121 

4 4 4 4 wrench.736 

44 pin. 77 

Cranking by hand, proper hold and why.490-143 

4 4 current.387-400-827 

4 4 operation, Delco. 386 

44 when touring .517 

Crank shaft .77-63-122 

4 4 4 4 alignment, test of .646 

4 4 4 4 and cam shaft speed relation.308 

4 4 4 4 and connecting rod “V 4 4 type engine. 75 

4 4 4 4 balanced.79-122-532 

4 4 4 4 bearings.72-203-532-640 to 647 

4 4 4 1 bent.646 

4 4 4 4 ‘‘built up" type.79 

4 4 4 4 decrees of .77 

“ 44 drive from electric starting motor.324-326 

4 4 4 4 removal of, Overland method.648-647 

4 4 4 4 scored .642 

44 " six-cylinder .123 

4 4 4 4 stand .605 

4 4 4 4 speed to distributor speed. 12 cylinder. 135 

4 4 4 4 “throw" .77 

Crating a battery and automobile.478-509 

Creeper for working under car.604 

Cubic inchea, conversions of.539 

4 4 4 4 of engine cylinder .589 

Cumulative compound winding.347 

Curb gasoline pump .602 

Cure, as applied to vulcanizing.564 

Current, constant or continuous and flow of.211 

44 how induced in primary coil.223 

44 how made to alternate.267 

4 . 4 how intensified .214-215-219 

“ induced, meaning of .219 

indicator.370-410 

44 meaning of .221 

“ required for starting motor.410-416 

44 regulation of .337-843-347 

44 secondary, meaning of.219 

Curtain (top) glass .649 

Curtiss airplane engine .921 

Out cylinder* (see scored cylinders).. .202-587-653-656 
_ . _ ... 4R2 


or interrupter. . . .242-243-225-259-304 

Remy.,.298 

“ points (magneto) pitted.298-234-304 

Continental engine (see also insert No. 2).71-544 

Controller of electric vehicle.476 to 478 

Control of generator current.334-337 

44 44 spark .305 

4 4 4 4 speed of engine. 67 

Constructing a garage .-597-619 

Conversion table, hundredths of inches to 

sixty-fourths. 116 

Conversions tables, miscellaneous.539 

Convertible coupe, sedan and touring ear. 15 

Converting inches into degrees.115-93-541 

Cooking fire .616-520 

Cooling a Are engine.587 

44 Cadillac system .180 

44 lubricating oil .201 

44 of engine .185-69-186-188-189 

44 of engine with kerosene (not advised)....585 

44 Packard system .860 

44 Renault system .186 

44 thermo-syphon .1R5 

44 troubles . . . ..189-191 

44 thermostat.191-130-860 

per gaskets .607-717 

soldering.711-614-586 

wire as used with electric transmission..207-427 

44 wire terminals .609-427 

Corbin and Brown speedometer.513 

Cord type tire.550-559 

Cork inserts for roller clutch.690 

Corrosion of battery terminals.439 

Cost of equipping machine shop .617 

Cots for touring .516 

Cotter pins .609-795 

Counter-electro-motive force. 899 

Counter shaft .;. 48 

Counter sink, for brake lining.616-690 

44 balanced crank shaft .79-122 

Coupe and Coupelet, definition of. 15 

Couple-gear gas electric truck .4 34 

Coupling or junction box for wiring.426-428 

Coupling for trucks.561 

Couplings for magneto .302 

Coupling Oldham .802 

Cover for radiator .188 

Cracked battery jar .471-457 

Cracked cylinder .580-713-103 

44 ball, how makes its presence known. 36 

44 water manifold .715 

Crane or hoist.605 

Crank case .68-72 

** “ barrel type . 62 

cleaning of .201-595 


Cutting iron or steel with oxy-acetylene.724 

44 gaskets .716 

44 key ways .70* 

44 mica, on commutator.409-404 

44 off magneto ignition .275-299 

44 tire fabric .603 

Cut-out odjustments (electric) .398-409 

44 exhaust (muffler) .84-732-609 

44 fails to operate.409-422-406-410 

44 how to determine if working properly.411 

44 mechanical type .see insert 

44 not used on Delco .383 

44 on overland .359 

44 principle.344-337-342 

44 reverse current type . 370 

“ tpsts .410-406 

44 testing with ammeter .410 

44 vacunm type .843 

Cycle, meaning of.57 756 

Cylinders .81-63-79 532 

Cylinder, crack in .580-193-718 

“ cut repair.653 

44 degrees of .134 

“ en-bloc .81-83 

“ firing order of.116 to 120-542 

“ head detachable .137*30 

4 4 4 4 replacing of .649-65Q 

‘ 4 lapping .649-650 

44 leaks . 193 

4 4 offset.81-532 

44 painting.509-588 

44 raising evolution .184 

44 reamer.616 

44 reboring, reaming and grinding... .658-654 

792-813-616 

44 rotary type .136-138 

44 scored.201-202-650-6^3-587 

4 4 staggered .127 

** types of .81 

“ welding.721-726 

Cylinder types, advantages and disadvantages of...532 

D 

Daily attention to a car.510 

Dampener (vibration) .728 

Dash-board; how attached . 7 

44 instruments leading cars.. .497 to 500-824 

Dash lamp .433 

44 pot and metering pin.151-586 

1 4 4 4 of carburetor .150-175-172-180 

D. C. or double contact base for lamps.433 

Dead axles .13-31 

44 short circuit .412 

Decimal equivalent of fractional part of an ineh.541-697 

Decimeter. Ml 

Decarbonizing chemicals .624-625 

“ outfit .727-624-625 
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Degrees..98-541 

•* converted to inches.314-115 

" (Fahrenheit standard) of electrolyte.449 

" minutes and seconds . 93 

44 of crank shaft throws. 77 

44 of eight cylinder “V” type engine. 70 

“ (setting of magneto) .811 

44 symbol of .641 

Delco, address of .878 

44 armature winding.381*887 

“ automatic control for spark.876*888*384 

“ " spark and variable resistance.384 

44 battery and coil ignition system.375 

" brush and commutator trouble.404 

l( Buick electric system .388 

Delco*Oadillac electric system ..896-182*729 

“ circuit breaker .877 

44 coil .378*245 

44 Cole wiring diagram.892 

44 commutator dressing of.404 

44 combination switch .375 

44 cranking operation .386 

" cranking tests .400 

14 distributor and timer .877-182*378*245 

Delco-Dodge wiring diagram .869 

44 driving clutch ' 'clicking".888 

“ electric systems, adjustments.897 

“ field winding .881 

a< genreating principle .380-386 

aa generator, amperage of .890 

a a * * charging rate, how to change.... 405 

" “ clutch .386-398 

Delco-Hudeon a ‘six-40” electric system.885 

* a “ “super-six" wiring diagram.391 

" ignition coil test .245 

a * “ if fails .401 

49 “ system, early form .374-875 

•" timing.390 

<a lighting circuit tests .402*899 

Delco-Light plant . 824 

** lubrication .897 

** iiiebhiug gears .886 

mica protruding .404-704*409 

“ modern ignition .875 

** motor clutch .887 

“ motor-generator brushes.404 

* ‘ ** -generator principle .886 

“ “motoring” the generator .399-386 

” motor parts, how to clean .401 

" “ winding .381 

” non-automatic spark electric system.894 

Delco-Oldsmobile wiring diagram.393-394 

“ regulating resistance units, size to use.397 

“ regulation methods .381 

“ relay ignition .875 

” resistance units .246-878-381-388-397 

“ single wire or grounded system.383 

“ spark lever position .877 

“ starting and generating system, principle of.879 

*• “ AnAratinn 9’TO.»)U.HtlA.9rti;.3QK.Ann 


“ test for “motoring” generator.400 

” tests miscellaneous.398-399-402*403 

aa third brush adjustment .405 

“ third brush regulation.389-405-386-393-396 

“ timer .244-245-377-132-878 

“ troubles.401 

“ variable resistance regulation.892 

“ when motor fails to start.404-401 

“ why cut-out not employed.388 

Delivery car, how to select.528 

Demountable rim with tire .552 

“ straight side rim.... 550 551-552-555-557 

Denatured alcohol .193 

Depolarizing, Bijur .857 

Depolarizing generator .421 

Depolarizer type switch .246 

Depth of oil in- crank case.196 

Designs for old cars.760 to 762 

Desk for foreman .710 

Detachable cylinder h*ad .137-81-90-783 

Diagnosing battery troubles.458-457-421-422-416 

“ magneto troubles.209-301-304 

“ troubles.576-577-416 

Diagram of a typical electric system.342 

“ “ battery and coil ignition .245 

“ ” Delco generator amperage .390 

“ “ electric symbols .356 

** ” Ward-Leonard electric system.... 342-344 

“ “ Westinghonse battery and coil 

ignition system .346 348-349 

“ “ wiring of high tension coil. ..218-220-224* 

226-231-228 

Diagrams of wiring, low tension ignition systems.. .215 

Diameter and revolution formula. 617 

“ of circle (finding) .539 

44 “ pulleys (finding) .617-663 

Diamond point chisel .700-707 

Die and tap sets .612-613 

Dies and taps, explanation of.704-612-613-795-796 

Dies for threading small pipe.608 

Diesel engine explanation .758-587 


Differentials.35-13-669-32-673-674-678-932 

Differential adjustments Timken rear axlea.673-674-678 
adjustments, Buick and Dodge. ...677-932 

“ automatic action of. 13 

/ “ how fastened to axle shaft.669 

4 4 lubrication .205 

44 removal of .669-675-932 

“ “ on Maxwell.676-676 

‘ 4 troubles.675-932 

44 winding on generator.845 

Different ignition systems, advantages and 

disadvantages .255 

“ ignition systems on one engine.287 

Difficulty in shifting gears, causes of.669 

Digest of battery troublea.458-422-428 

“ 44 lighting troubles .419 

4 4 4 4 troubles.576 to 581 

Dim lights .411-419 

Dimming headlights .429-437-588-795 

Direct current, explanation of.211-257 

1 4 4 4 generator.. .838-835 

” 44 how obtained .887 

44 drive . 51 

Disadvantages of multi-coil ignition.229 

4 4 4 4 pressure and gravity gasoline feed.164 

Disassembling batteries .465 

44 rear axles.673-678-932 

Discharge, meaning of, relative to battery.489 

Discharged battery, cause of .422 

Disconnecting battery (see index, battery) ... .421-428 

4 4 generator.428 

Dictionary.861 

Disk clutch .41-666-662-931 

8 8 44 adjustments and repairs.. 663-666-667-932 

” 44 lubrication.203-666-667 

44 piston . 75 

Displacement of piston .538 

44 type armature .880 

Distance of breaker gap on magneto.288-298 

44 rods; definition of .21 


44 to set interrupter points, magneto.315-297-298 

44 to set timer gap ....250-878 

“ to set spark plug gap 233-219-299-542-378-808 

Distilled water .474-709 

Distributor.232-245-269-296-8U6-818 

44 and armature, speed relation of.808 

** “ commutator.242 

4 4 4 4 timer.242-244-246-252-254-259 


” ” timer (8 cylinder).181 

“ 4 4 4 4 ( 12 cylinder) .185 

” 4 4 4 4 driven from generator.841 

44 ” 41 shaft.247 

“ brush type. 269 

“ (Delco) .131-374-377 

“ Dixie.293 

44 drive method on generator .841 

44 elementary principle of.282 

44 gap, distance of .247 

'* gap type.247-269 

“ for a coil .232 

44 gear on magneto .272 

“ mica peep-hole .810 

“ of high tension magneto .269-262 

44 parts of magneto .270-275-297 

** speed and connections.295-294-271-261-806 

44 wires, how to separate and protect.... 297 

Divided exhaust (see also insert number 8). 82 

Dixie breaker mechanism . .: .298 

“ magneto (see also Insert).290 to 293 

44 magneto, motorcycle (Insert No. 3)_292-811 

Doble steam car ..765-757 

Dodge adjustment of transmission.670-932 

“ carburetor .178-733 

“ cam shaft removal .050 

*' clutch adjustment .666-932 

44 disconnecting battery . 428 

44 engine.see Insert. No. 2 


electric system .369-733-924 

firing order .^ .369-542 

gear shift and lever controls.497 

generator chain, adjusting of.411-733-369 

gear puller .788 

ignition timing .869 

meshing timing gears .112 

oil (engine) adjustment.733 

oil for rear axle.205-932 

oil level in gearset .670-666 

rear axle .931-932 


44 socket and spanner wrenches .102-738 

“ spark and throttle control...4 06-497 

4 4 specifications.544 

44 steering device adjustment .693 

44 “toe-in” of wheels.083 

“ third brush regulation.370-733 

44 truck.825 

44 valve guide reaming.634 

44 valve timing.114 

44 wheel puller .787 

44 wiring diagram »*nd electric system.. 369-370-923 

Dog clutch, where mostly used. 21 

Dome lamp .488 

Dout’s and Do's, electrical.421 









































































































































































876 GENERAL 

Dont's for drivers and repairmen.501*494 

Door for repair shop or garage (self-opening)... .780 

Dorris rear axle adjustment .673 

4 * specifications .544 

Dort ignition timing.253 

" specifications .544 

Double chain drive .18*18*47 

“ contact bayonet base, for lamps.483 

“Double decker" motor-generator.352 

Double, ignition system .255-276 to 278 

f reer drive (Bijurr) .828-857 

et carburetor.148 

" pole snap switch .480 

44 reduction starting motor drive.329 

44 spark in one cylinder .288 

" system of ignition .255*287 

Doble steamer.765 

Double voltage battery system.456*466 

Drag link or tie rod .25*2 

Draining oil from engine crank case.491-201 

Drawers for small parts.742 

Draw-filing .643*708 

Dressing commutator (see commutator).406-404*409-743 

" breaker or vibrator points.809-234*304 

44 for tops and upholstering.849-509 

Drift or solid punch, some uses of.709-796-592 

Drills.706-614*615 

Drills in sets .614 

Drill and tap sizes, table of.703 

44 bench type .613 

“ chuek.706 

4< gauge, how to read .699 

44 now numbered and lettered .706 

44 how to select site and hole to drill.. .699*702-706 

“ how to sharpen or grind.707-616 

44 how to use .707 

44 ji* for cotter pin holes.789 

44 lubricant, kind to use ...707 

Drill press, chucks, lathes, etc.616*618 

Drilling clutch yokes .738 

Dripping carburetor, cause of.580-586 

44 oil from engine and transmission... .203-669 

Drive, double chain . 18 

44 pinion, purpose of.13-6-19 

44 reduction (see also ratio of gearing), 

18-22*770-781 

44 shaft.13-5-19 

44 shaft adjustment .673-674 

44 • system .18-18 

44 systems for trucks .747 

Drivers license .522 

Driving a magneto .294-295 

4 4 4 4 car .495-492 

44 44 speedometer.518 

44 gear, where installed . 19 

44 generator .841-386-888-851-369 

44 methods, electric starters .826 

4 4 pointers.505 

44 rules.501 

44 starting motor .324 

44 starting motor and generator.851-869 

44 the timer and distributor.246-245 

44 when intoxicated .503 

Drum armatures .256-823-325-882-335 

Dry cell connections.207 to 209-214 

4 4 4 4 4 4 (emergency) .241 

4 4 4 4 44 with Atwater-Kent systems.... 249 

4 4 4 4 disadvantages of .255 

44 4 4 explanations of.207 to 210-214 

4 4 4 4 testing of . 241 

Dry cells used instead of storage battery.428-424 

4 4 4 4 wiring two seta .217 

44 cure, meaning of .564 

44 disk clutch adjustment .668-842-666-932 

Drying out a wet motor-generator .409 

Dual engine valves.927 

Dual tires .560 

44 ignition systems .2S5-262-263-276-277-287 

Dump body for trucks.746 

Duplex cables .240 

44 carburetors for 44 V" type engines.182 

44 ignition system .288 

Dusenberg valve principle and timing.88-108 

Dynamometer, fan type.586 

Dynamo for ignition, advantages of.255 

Dynamos.210-266-888-885 

Dynamometer horse-power test .686 

Dyneto electric system on Franklin .362 

E 

Easy starting in cold weather.586-165-158-489 

Eccentric on a steam engine.52-764 

Eccentric and concentric piston rings.... 661-665-664 

Eclipse-Beudix inertia gear drive .326-831 

Edison battery .475 

Ediswan lamp base .433 

Eight and twin six carburetors .182 

44 cylinder engines .127-582 

4 4 4 4 engine, lap of power strokes.126 

4 4 4 4 firing order .181-642 

4 4 4 1 magneto.298 

4 4 4 4 relative position of pistons.181 


INDEX. 

Eight cylinder “V" type engine, degree angle of.. 70 

Eisemann interrupter.298 

44 magneto.285-288 

44 on Locomobile .362 

4 4 4 4 timing of .818 

** 44 with automatic advance. .. .287-289 

44 pivoting advance magneto .288 

Electrical lag .243 

44 symbols or signs .356 

44 test for horse-power .537 

Electric arc burning outfit for battery.471 

4 4 air compressor .563 

44 brake.479 

44 bulbs.484-437 

44 clocks.349 

44 connections. .207-208-428 

44 current "alternating" ...257-266 

4 4 4 4 "direct" .211-257-209 

4 4 4 4 how intensified .214-219 

4 4 4 4 waves and impulses of.266 

44 equipment for shop.563 

44 generator.333-335-925 

4 4 4 4 how driven .246 

4 4 4 4 parts.212 

Electric-gas car. Woods.479 

.truck.484 

44 hand lamp .592 

4 4 heating of carburetor .157 

*' horn and tests .514-515-418-410 

44 ignition (see also "ignition").206 

4 4 4 4 how combined with generator... .841 

4 4 4 4 parts necessary .211 

4 4 4 4 systems.213-243-255 

44 lamps, (also see lamps).431-434 

44 lamp bases and sockets.432 

4 4 4 4 candle power, amperage and voltage. .432 

4 4 4 4 current consumption .432-434 

4 4 4 4 filaments .432 

sizes used on leading cars.482 

Watts and candle-power. .. .467-481-434 

where used on a car.432 

430 
430 

dimming of.437-588-823-824 

lighting methods .431 

lights, source of power. 17 

motor driven truck .484 

44 parts of.823-828-325 

4 4 Westinghouse .328 

primer for carburetor.157 

spark for Doble steam car.765 

starting motors .328 

atarter, Bendix .326-331 

44 Bijur.328-857 

" Boach.330 

44 Ruahmore.330 

44 Westinghouse.328 

44 motor, with reduction gearing.328-857 
starting and lighting systems of 

leading cars.356-543 to 546 

4 4 motor, care and troubles of.381-407-408 

44 motors.322-325 

4 4 4 4 types of .327 

constant source of.242 

.218-327-329-248-277-427 

.356 

.352 

..864A 

_848-811 

.851-354-855 
.182-133-896 


light adaptors for oil or gas lamps. 
44 wiring 


supply, 

switches 

symbols 

system, 


Ents . 

Ford enclosed cere, 
of motorcycles .... 
Gray and Davis ... 
of Cadillac 


4 4 4 4 Pierce-Arrow.349 

4 4 4 4 single, two and three unit.... 340 348 

44 " U. 8. L.358-347 

44 4 4 Westinghouse.346 

44 systems, addresses of leading mnfg'r's.873 

4 4 4 4 advantages and disadvantages.... 255 

44 " ideal .255 

4 4 4 4 of leading cars (see also 

4 'wiring diagrams*') . .. .648 to 546 
44 testing outfit, how to make. .424-418-304-8641 

44 thermostat.660 

44 troubles, how to diagnose and test. .. .416-410 

44 vehicles and battery.476-477-478 

Electricity, chemical generator.210 

44 how conducted .207 

44 how made to do work .211 

44 how transmitted .206 

44 mechanical .210-212 

44 nature and explanation of.206 

44 static.297-585-162 

Electrodes.214-216-218 

Electrolyte. .448-449-464-455-478 

44 freezing point .451 

44 gravity at end of charge.461 

44 how mixed .448 

44 Impurities, result .469-456-467 

44 level of .454-466 

44 spilled from battery .455-478 

" tester.452-460 

Electro-field magnets .*66 
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Electro and permanent magnetic fields. .825-323-335-212 

Electro magnetic gear shift.329-330 

Electro-magnet recharger.303-807-819 

Elementary principle of high tension coil.221 

Element, of storage battery .445 

Elliptic springs . 27 

Emergency brake and clutch pedal.6-485-490-665 

" rim.551-552 

* 4 stop.489 

Emery cloth valve reseating tool.682 

E. m. f.—electric motive force (see also volts) ... .207 

Emptying uil from barrel.780 

Enameled parts, cleaning of.401 

En-bloc cylinders .81-83 

Enclosed valves.92-785 

End play in transmission .669 

Engineers wrench .611 

Engine, aero (see also supplement page 900).. .757-188 

adjusting.595-620-837 

advantages and disadvantages...582 

assembling of .62-636-648-838 

back fires .680 

balks .299 

bearings .72-640-648-641-887 

“ testing and fitting.507-647-887 

Buick (see Insert No. 1). 44 

Cadillac.127-128-133 

cleaning.621-491-594-740 

compression—see compression. 

crankcase. 72 

crank case hot .580 

crank shafts .77-112 

cold weather pointers .170 

continues to run .586 

Oontinental (see also Insert No. 2). 71 

control of speed . 67 

cooling.185 

Curtiss.921 

Doble, steam .765 

does not deliver full power.*.579 

Dodge .see Insert No. 1 

double opposed . 12 

draining oil.491-201 

Diesel type .757-758 

Duseuberg, valve timing.108-88 

•dual” valve.927-109 

eight cylinder .127 

easentials before it will run.576 

external combustion type.53-763 to 765 

fails to start.408-578 

fires irregular .300 

(Ford) (aee Insert No. 2).784 

(Ford) lubrication system .197-772 

for tractors and trucks.753-747 

four cycle, and the first 4 cycle engine. .57-581 

four cylinder . 63 

with four valves (“dual” valves) .... 109-927 

Franklin (see Insert No. 2).189 

Golden, Belknap and Swarts.188 

Gnome .138-910 

Hall-Scott .913 

Haynes.121 

heating .189 

Hispano-Suiza.918 

how to lift from frame.605-797 

how to start and how to crank.153-143 

idling .153 

inspection and adjusting of.595 

internal combustion .755-53 

Knight type .139 

knocks .580 

lack of flexibility .578 

lap of power stroke .126 

Liberty.933 

leaks oil .581 

loads up. 578-589 

loping . . . . .. 169 

lubrication .196 to 205-595-772 

Lycoming. 71 

make used on leading cart.543 to 546 

makes hissing noise .580 

manufacturers, addresses of, Insert No. 2.. 71 

marine .755 

misses at high and low speeds.299 

misses at all speeds.. 579-804-806-236-237-170 
missing with spark retarded or advanced. .298 

motorcycle .76-755-843 

multiple cylinder (how suspended).11-12 

opposed type. 70 

overhead cam shaft. .. 137-911-912-914-916-109 

“ valve type .90-85-109-921 

overheating of.189-319-579-583 

Overland.647 

Packard.851 

Pierce-Arrow.927 

painting of .609 

parts . . 72 

priming of .163 

racing of, damages bearings .203 

rating. “25-35, meaning of .583 

rotary cylinder; rotary valve.136-138 
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Engine runs slow and pulls hard,.159-171 

“running in”.203-489-507-735-643 

” after overhauling .785 

” “ when new .507-203 

runt after switch is off.408 

“ smoother at night, cause.585-168 

“ well but car drags.580 

Rutenber .Insert No. 2 

single acting . 55 

“ cylinder type . 70 

(single cylinder) wherq placed. 11 

six cylinder .123 

sixteen valves .109-916-791 

sleeve valve .136-140 

specifications of leading cars.548 to 546 

speed, how controlled.153 

speed, how to tell.823-700-536-921 

speed relation to car.537-588 

stand.605-712 742-648 

Stanley steam .763-764 

starters, electric .326-331-832 

starters, motorcycle.844 

starters, mechanical, etc.321-322 

starting by “choking” air.159 

starting, if crank is lost.591 

“ of.66-300-487-489-59-143 

“ on ignition .321-282-832 

starts but misses and difficult to start.678-300 

starts but “pops” and “sneezes”.578 

starting with switch open.489 

steam .757 52-768 to 765 

stationary .757 

stopping of .489 

“ fill cylinders with gas.300-489 

stops suddenly or slowly.578 

side valve type vs. overhead type.... 532-627 

Studebaker.. 71 

Stutz racing .108-109 

testing stand .744 

testing compression of .629 

tractor use .832 

truck use .833-838 

troubles .578 to 581-800 

“twelve” and “twin-six” meaning of..63-184 

“twin two” type .587 

two cycle .756-757 

two cylinder wiring diagram .281 

typea of .«..70-71 

used as brake .588 

uses too much oil .584 

valveleaa typo .757 

valves (see valves) . 89 

vibrates, cause of .584 

Waukesha.833 

Weidley .136 

what ia necessary before it will run.206 

where located . 11 

will not crank, lamps bnrn bright.457 

“ “ pull .578 

“ “ stop when switched off.580 

Wisconsin aviation...911 

with, good compression.629 

why loses power.626 

why necessary to start it.59-148 

why runs better at night.585-168 

why racing typo 4 cylinder.587 

English-French Dictionary .898 

Entz electric power transmission.480-481 

“ “ system.852 

Equalizer for brakes .30-204 

Equipment for blacksmith shop .615 

“ “ machine shop.617-618 

'* “ touring.516 to 580 

“ necessary and desirable for car.. 10-511-515 

“ of a repair shop and a garage.599-600 

Erbswurst, meaning of .519 

Esterline generator .832 

Ether and gasoline.809-585-586 

Ever-ready starter .322 

Examination questions for chauffeurs.524 

Examples of valve timing (aee valve timing).. . 108-109 

Excess of oil, remedying with piston.652 

Exhaust and inlet valves.^ .. .91-65-608 

“ “cut-out” .84-608-732 

“ heating of carburetor.155-157-159-744 

“ manifold.82-167-159-164 

” of Cadillac .180 

Exhaust pipe and muffler .84-12 

“ “ over-heats .580 

“ pressure lubrication .195 

” racing car .761 

“ smoky, cause of (see also “smoky 

exhaust* *).202-169-656-588-580-652 

stroke.57-61-116 

“ valves.89-65 

“ valve, mercury cooled .824 

“ valve, opening and closing. ••••»?? 

“ whistle.514-732 

Expanding clutch . 

“ tvpe carburetor .*®**li[? 

Expansion of piston .® 5 - 




















































































































































































878 GENERAL 

Explosion, missing of.230-237-804-806-578-579 

Kxide battory .446 

Extension tank on radiator .100 

External combustion engine.58-764-765' 

“ contracting brake .80-684 

44 short circuits (battery).456 

" shunts, for Volt meters.414-416 

“Extra Ext*’ spark plug .288 

“Esy-out" stud remover .709 

p 

Fabric of tires ....« .565-566 

Fahrenheit-Gentcgrade conversion table.540 

44 thermometer (special scale) .451 

Fan adjustments .191-788 

'• belts.198 

“ propeller type .198 

44 type dynamometer .586 

Fans.187 

Faure battery plates.440-445 

Feet, symbol of .541 

Fender cleaner .590 

44 canvas, for racing.816 

44 straightener .731 

44 bent; how to straighten.745-731 

Few words to one starting in Auto business.583 

F-head cylinders. 81 

Fiat specifications .544 

Field circuit, shunt .400 

44 coil test .408 

44 core.823-825-835 

44 electro-magnetic.325-828-885-212 

44 magnet weak .412 

44 magnets .257-823-825-828 

4 4 4 4 electro and permanent. .. .256-382-836 

44 of a generator.212 825-828-885-257 

44 of a permanent magnet (field of force). .266-267 

44 winding, Delco .881 

Fields, electro-magnet .212 

44 multi and bl-polar, etc.328 

44 permanent magnet .212 

Fierce clutch.580-661 to 668 

Files .614 

File for dressing platinum points.234-809 

Filaments, electric lamp ..432 

Filling gasoline tank .162 

44 plug of storage battery.439 

44 rods.719-721 

Filing a bearing cap .648 

44 ' a piston ring .657 

44 draw method .708-643 

Filter for oil .602-608 

Finding compression stroke .120-820-116-117-57 

44 sise pulley to use .617 

44 the grade of a hill.589 

44 poles of battery .452 

44 poles of magnets.303-806 

44 positon of piston.114-820-310-106-830 

Fire and gasoline .161-506 

44 extinguishing methods .602-161-506 

44 for baking.516-520 

4 4 4 4 cooking when touring .516-520 

44 insurance.;.521 

Fire-plug, parking near.503 

Firestone rim, demounting and mounting.555 

Fire truck engine, how cooled.587 

Firing order of leading cars.117-542 

44 4 4 six cylinder engine.124-125 

4 4 4 4 three oylinder engines.117 

4 4 4 4 to determine by position of cams 120 

4 4 4 4 f Pickard) .856-135 

4 4 4 4 twin motorcycle engine .846 

4 4 4 4 twelve cylinder.134-135-856 

First auto race and first auto show.581 

44 change of gears .12-51-488 

44 year lathe work, (publication).617-748 

Fitting a clincher bead tire to a Q.D. rim.558 

44 and cleaning brakes.S8i v io 690 

44 a plain bushing to connecting rod.. .648 \o 645 

44 brushes on generator.406-404 

44 electric horn to car..\515 

44 exhaust 4 ‘cut-out 4 4 ..782 

4 4 exhaust whistle .782 

44 mate and connecting rod bearings.. .648 to 047 

44 rings to cylinder.667 

4 4 4 4 4 4 grooves of pistons .6 $9 

4 4 4 4 4 4 piston.658-690 

44 shock absorbers. .732 

44 up a garage and shop.5991 

Fittings for gasoline pipes.608 \ 

Five bearing crank shaft vs. three bearing.531 \ 

Fixed spark .807-811 

Fixtures for repair shop.599 

Flame test of cylinder for missing.287 

Flange gaskets .717 

Flanging tubing .718 

Flash test of oil.201 

Flat of thread, meaning of.702 

44 wrenches. 611 

Flexible shaft of speedometer.518 


INDEX. 

Flexibility of control of carburetor.150 

Flooding of battery . 439 

44 of carburetor .171 

Float adjustments .145-166 

4 4 feed carburetor .;.141 

44 level.147 

4 4 4 4 of Master carburetor.168 

4 4 4 4 4 4 Ray field carburetor .167 

4 4 4 4 4 4 Schebler carburetor .168 

“ 4 4 4 4 8tromberg carburetor .167 

4 4 4 4 4 4 Zenith carburetor .181-182-168 

44 of carburetor .143-145 

44 valve mechanism .145 

4 4 4 4 tester . 737 

Floating axle, advantage of.682-31-38-669 

* 4 storage battery on the line.334-337 

Floor of garage, concrete.619 

Flow of current explained .209-211-221 

4 4 4 4 4 4 in magneto .267 

Fly wheel and cam gears, direction of travel. 89 

Flutes .*.704 

Flux for welding.719-721 

44 or electric field of force.267 

Fly wheel drive method of motor generator.338 

44 4 4 4 4 starting motor .324-326 

4 4 4 4 generator of current .265-347-353 

4 4 44 indicator .114 

44 4 4 knocks, testing .638 

4 4 • 44 marking of degrees .107 

4 4 4 4 purpose of. 55 

4 4 44 motor-generator (U. S. L.).358 

4 4 4 4 valve timing marks .104 

Focusing headlights .488-436 

Following tap .704 

Foot brake pedal .485-665-662-6 

Forced draught cooling system.189 

Force feed cooling system .185 

Force feed lubrication .198-859 

Ford carburetor (see Ford Supplement) 160-798-799-754 j 

44 clutch spring compressor .819 | 

44 control levers.490-777 

44 cylinder—how much con be bored.792-813 

44 electric system, enclosed cars.864A 

44 engine,.aee also Insert No. t 

14 engine lubrication system .197-772 

“ engine in boat .«25 

“ engine troubles .800-790 

44 headlight control .024 

44 ignition timing.804-316 

4 4 Index .767 

44 kerosene carburetor .160 

44 firing order .784 

“ light wiring diagram ........ 803-430-K12-864B 

44 magneto.265-805 

44 magnets, how placed .588-805 

44 piston ring compressor .65<* 

44 ratie of gearing .786-7R1 ■ 

44 rear axle stand.744-797-824 I 

44 spark and throttle control .496-771 

44 specifications .766-544 | 

44 starter.322-864A 

44 supplement.767 

“ tractor and truck .826-825 

44 valve spring compressing .633 

44 vibrator points, dressing down.284-809 

44 wrist pin .73-74-736 i 

Forge, portable blacksmith's .615 ' 

Formula, finding speed of car.538 ! 

44 horae power .535 

Forming plates of battery .447 

Four cycle engine, first .581 

4 4 4 principle .57 

44 cylinder engine, assembling of.62-63 

4 4 4 4 r * lap of power strokes.126 

44 “ 44 magneto.306 

“ 4 4 4 4 why does not fire 1. 2. 3. 4.119 

44 14 engines vs. “six 44 and “eight”.5J2 

44 ignition systems on one engine.286-287 

“Four-in-one 4 * tire tool .566 

Four speed gear phift .490 | 

44 speed transmission .47j 

Four strokes of piston .57-1161 

44 wheel drive .484-7491 

Frame, how suspended .It 

44 how to straighten .731 

44 main and sub .11-3 

Franklin aluminum piston .633 

Franklin carburetion heating method.157 

4 4 cooling system and dashboard.189-494 

44 engine (aee also Insert) . v 

spark and throttle control. 

specifications . 

wiring diagram . 

easing carburetor .585-153- 

point of alcohol, kerosene, gasoline, water 

point of electrolyte in battery.. 

4 4 4 4 gasoline .. 

4 4 4 4 water. 

preventativ«8 or solutions . 

Frfneh-English Dictionary .. 
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Freshening charge .489 

Friction disc transmission . 47 

Front axles .81*680 

*• axle, bent .884 

** axle, component parts of. 24 

“ wheel adjustment ..680*681 

’* ** why one travels further than the other 28 

" ‘ • * * run free . 13 

** “ “ tendency to turn to right.23 

Frosting headlights .588 

Frozen circulating water .198*679 

Frozen radiator, now to thaw.579*788*193*800 

Fuel feed methods ..163*164 

•• system of steam cars .764*766 

44 “ what consisting of .168*7 

used on stationary engines.757 

Full floating axle adjustment.669-673-677-932 

* * force feed oiling system . 199 

* * floating rear axle .33-532*669-931 

Fullers earth for clutch .660 

Fuse.428-412-417-348-783 

“ block.428-348 

44 blows or melts, cause. .. .428-412-415-517-419*420 
“ capacities and testing of .428-418 


Galvanometer.267 

Gang switch .426 

Gap distance to set distributor.247 

Gap of spark plug.218-219-233-287-542 

4 4 4 4 4 4 *' for magento .298 

4 * “ 4 4 4 4 if too wide .238 

4 4 to set spark plugs and interrupter points.... 642 

44 type distributor .247-269-261-312 

Garage .597 

44 and repair shop fixtures.599 

44 and repair shop prices for storage.599 

44 building, how to construct.596 to 598-619 

44 derivation of .582 

44 for home, how to construct.619 

44 gasoline supply of .599-602 

44 heating of .598 

44 lighting of.599-600 

44 money making additions to.601-610 

44 office.599 

44 28 car capacity .599 

44 wall, how to white wash .786 

44 wash rack.005 

Garford speedometer .618 

Gaa burning outfit for battery connections.471 

*• blow torch .696-472-720-735 

44 electric truck .484 

44 filled lamps .432 

* 4 gpnerators .486 

44 generators, non-freesing solution for.193-488 

* 4 knocks, meaning of .638 

lamp adapters, to change to electric.480 

44 lighting.437 

• 4 producer .757 

** starter (for engine) .322 

44 tanks and where to obtain.436-438-725 

44 test for leaky radiators.715 

44 tips.436-438 

Gaskets.716 717 

44 and compression relation .627 640 

* 4 assorted.607 

44 copper.607-717 239 

44 for carburetor .164-159-607-717 

4 4 4 4 spark plugs .239-607-717 

4 4 4 4 water head of cylinder.192 

44 (thick) to relieve compression.640 

Gasograph.823 

Gasoline .158 

44 and air .150-151-142-169 

4 4 4 4 fire.161-506-602 

44 blow torch .735-711-712 

44 boiling and freezing point.585 

44 consumption (see also Ford Supplement)..585 

44 engine, explanation of . 53 

44 fails to reach carburetor.580 

44 feed, different methods .7-163 

44 fire, how extinguished.506 

44 freesing point of .585 

44 fuel feed systems .164 

“ gauge.514-823 

44 how made .158 

44 how drawn into cylinder .148 

* 4 leaks.193-712 

44 level in carburetor .167 

44 low grade vs. high grade.155-158-161-585 

44 needle valve automatically operated.172 

4 4 4 4 4 4 for carburetor .148 

** “ 44 mechanically operated .174 

44 old and stale.163-590 

44 or kerosene for cleaning.621-740-594-491 

44 pipe break, how to mend ...162 

44 pipe fittings .608 

44 priming methods .153-156-157-821-801-823 

44 pressure gauge .199-854-824 

pump, curb type .602 

44 pointers for speed and power.809-585-586 

44 storage tank .602 


Gasoline supply of garage .699-602 

44 system, Packard .854 

44 tank gauge.614*824 

44 tank on car, whare placed.161 

44 testing of .161*740 

44 to strain .161 

44 troubles.161*162 

44 vaporising of .165 

44 volatility of .168 

44 vulcanixer.570 

44 water in .161 

Gassing of battery .489*447 

Gate or selectors for gear shifts .490*49 

Gauge for oil, does not show pressure.681*199 

Gauges for compression. 629*789 

4 for drills, how to read. 699 

“ “ gasoline tanks .514-801-823 

4 4 4 4 oil.199*200 

44 oxygen and acetylene tanks.720 

44 reading atmospheres and pounds.. .480*488 

4 4 4 4 screw pitch.700 

4 4 4 4 steam car . T64 

“ “ thickness.697-699-94 

“ 44 tirea . 668 

4 4 4 4 wire.700 

Gear box alignment.782*749 

4 4 4 4 how supported . 6 

44 boxes (see transmission) .45 

44 changing.18-486-488-490-493 

4 4 4 4 lever, position of.49*61*490*13 

44 puller.606-729-787-788-748-302 

41 ratio.22-588*12-294*781 

4 4 4 4 leading cars.548 to 646 

4 4 4 4 transmissions .669 

44 shift, army truck .490 

Gear shift, Buick .497 

4 4 4 4 Cadillac .188 

4 4 4 4 Chalmers .497 

4 4 4 4 Cole.499 

4 4 4 4 Dodge.497 

44 Haynes.499 

44 Hudson . 497 

4 4 4 4 Hupmobile. 499 

44 levers, ball and socket.49*60*666*490 

4 4 4 4 levers, gate type.49-490 

4 4 4 4 levers, sector type . 46 

4 4 4 4 lever systems.49-486 

" “ lover movements, different cars..490-497-542 

4 4 4 4 magnetic-.482 

4 4 4 4 Harmon .. 

“ “ movements of various cars.542 

44 Overland. 49 

4 4 4 4 Pierce*Arrow .490 

1 ‘ 8 . A. E. standard .490 

4 4 4 4 Studebaker. 499 

“ 44 Willys -6 .499 

4 4 4 4 Willys-Knight. 499 

44 tooth hardening .723 

4 4 type oil pnmp . 199 

Gears, bevel, helical, skew, spiral, spur.21*86-89 

44 cam and magneto drive .. .885 

44 how to remove .802-729 

“ of engine, how marked .835 

44 remeshing on “T" head engine.106 

44 remeshing timing gears.87-111 to 118-316 

*' 1 ‘ 44 (buick) .109 

44 removing “ (Cadillac) .729 

14 44 (Chalmera) . ..318 

worm drive..21-35-750 

Gearseta, (see transmission) . 4 ft to 49 

Generator .210-888-335 

amperage, Delco .890-3*7 

and battery connections.421-410 

** and lighting wire, cixe to use. 428 

“ motor combined .336 

** “ “ how located on one engine.. 18 * 

“ timer, how combined .246 

s * armature of . 212 

armature testa (see “generator 

troubles") . ...402 

“ autolite .358-364-409 

brushes, care of.408-404-406 

“ 44 how to fit. . . 404 

s ‘ chain, tightening of-411-728-729-369-733 

** changing poles of . 421 

“ CJha liner's non-stallable engine.852 

charging rate, how to change. .405-925-358* 

, 364-409-733-369 

s clutch (Delco) .386-379 

se current, control of .334-387 

“ connections to battery .421 

** drive through transmiasion.336 

** driving methods .8R6-338-341-851 

s ‘ fails to generate full output .409-410-416-923 


field coil test .403-416 

fly wheel type .265-347-353 

*or gas .:.436 

for ignition, advantages and disad¬ 
vantages .255 

gear puller .788 
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ggQ GENERAL 

Generator grounded . 

M ignition from .• • ■ 

*' parts .212-850 

“ principle of ..332-383-336 

“ regulation ..337-342-345-925 

‘ * Remy. 

" 6 volts charging a 12 volt battery 363 

“ speed and amperes .390-410 

“ system, meaning of.489 

“ terminals.209-212-423-424 

“ tests.416-410-411-409-402-403-424 

** valve (fuel) .141 

“ voltage, how to test.414-410-416 

44 weak field magnet .412 

•« when disconnecting .. 428 

14 windings.332-333-335-843-345-837 

Generating alternating current - - 

“ principle, Delco . 

Glass polish ... 

Glass for top curtains .VoViJo 

Glare lens.43o-44y 

Glossary, of storage battery terms.439 

Glycerine and alcohol.*-Voin 

Golden, Belknap and Swart* engine.120-188 

Goodrich tire gauge . ■•••: •* V’* ** ’X®? 

Governors.153-154-840 to 842 

Governor, centrifugal ■ • - • ...JJl'Si? 

“ control of electric system.347-361 

4 4 4 4 generator (output).851 

44 for automatic spark ...•.248-249 

44 action of spark control.246-249-383 

44 on Waukesha truck engine. 

44 mechanical. ■•••••• • *••• in * e Jf 

44 water type, formerly used on Packard.. .164 

44 for stationary engines. . 

Grabbing clutch .. 580 *®*® 

Grade, how to find. 

Grade meter . 

Grams to ounces. 

Granitoid, how to mix.... • • • • 

Graphite-pile regulator resistance (U. 8 . L.) .. 847-353 

Graphite, use of . .. VqoJSt 

Gravity, meaning of . .... 439 1*7 

44 adjusting of battery .471 

44 at end of charge .joi 

44 feed method of lubrication....196 

44 testing of battery . 450 *f?i 

44 too low or too high.v* 

Gray and Davis electric system (governor). 851-354-356 

Grease cups, sixes of. 

44 for gear case . 

44 gun, Townsend . 

44 spots, removing of. 

Greasing and oiling a car.203-204-621-622 

Grid for battery plate.439-445 

Grinding valves, meaning of.• ••• • 

44 and reseating valves .• • • *S 30 ‘J 32 ’? 4 

44 cage type valves .91-681-633-742 

44 cylinders . ...658-616 

44 leaky carburetor needle valve.167-585 

•• platinum point..• • • •284 

44 valves, Buick .688-742 

4 4 4 4 different types . 91 

4 4 4 4 in detachable head .636-187 

44 41 purpose of. 92 

44 44 on overhead valve engine.187 

4 4 4 4 on Weldley engine.187 

4 4 4 4 price charged.595 

44 wheel . 740-882 

4 4 4 4 on lathe .735 

Ground connection of battery.421 

Ground tests (see “testing for grounds") .416-403-402 

44 wire.287 

Grounded connections .209-421 

44 generator, causes of.412 

4 4 4 4 coil test (see testing coils)...402 

“Grounded motor," wiring plan (G. A D.).355 

44 return wire .425-426 

44 switch" wiring plan (GAD).855 

44 terminals of generator .212 

Grounding coil circuits .229 

44 positive or negative circuit.213-421 

44 storage battery terminals.421 

Grooving oil channels in bearings.840-644-208 

“G R N D" abbreviation, meaning of .218 

Gudgeon pin .643 

Guide book for touring.520 

Gummed piston rings.666-628 


Hack saws . 614-617-789-710-718 

HAL, rear axle adjustment . 678 

44 • specifications.544 

Hall-Scott engine .918 

Hammers .614 

Handbrake. 28 

Hand electric lamp .592-740 

“ oil pump for lubrication.197-814 816 

derated horn .514-615 


INDEX. 

Hand and automatic spark control.246-249-289 

Hardening steel .695-696 

Hard solder .711 

Harley-Davidson motorcycle (Insert Ho. 8).643 

Hartford electric brake.479 

44 shock absorbers .26 

Haynes cam shaft. .121 

44 crank shaft .122 

4 4 engine.121 

44 gear shift .499 

44 firing order .542 

44 ignition timing and electric system.878 

44 spark and throttle control.499-496 

4 4 specifications .544 

44 wiring diagram .378 

Headache, curing of.589 

Headlight control of. Fords.824 

44 courtesy on the road.504 

44 current consumed .483 

44 dimming of .429-437-588-795 

“ focusing of .483 

u removing door of .437 

Heater, gas .696 

Heat proof paint .509 

44 treating steel .696 

Heating carburetor .157-155-159-744 

“ 44 old type.744-170 

44 a garage .598 

44 a car .192-194 

44 (excessive) of engine .189-819-579-688 

" water.187 

Height of gasoline in carburetor.167 

* r 44 water in radiator.185 

Helical gear, definition of .21 

44 drive gears, adjustment of .932 

Hole-Shaw Clutch.40 

Hex. of 8. A. E. spark plug.612 

High altitudes, effects on carburetion.168-582 

44 carbon steel .721 

44 gravity gasoline for priming.156 

44 mica on commutator .409-404-743 

44 or “third** speed .51 

44 tension armature .268 

4 4 4 4 coil.218-219-220-231 

4 4 4 4 4 4 and battery system .242 

4 4 4 4 4 4 4 4 low tension magneto. . .259-260 

4 4 4 4 4 4 circuit.229-231 

4 4 4 4 “ elementary principle of.221-231 

“ 44 “ non-vibrating .245 

4 4 1 4 4 4 principle of .221 

4 4 4 4 4 4 winding of .219 

4 4 4 4 4 4 wiring . ..220-224-226-228 229-231 

4 4 4 4 distributor, elementary principle of 

232-260-261 

44 “ ignition systems .213 

4 4 4 4 magneto.269 

4 4 4 4 4 4 armatures.274 

44 to low gear .51-486-488 

Hill climbing .491 

Hinged connecting rod .643 

Hints on locating Delco troubles.401 

4 ‘Hit and Miss" governor .757 

Hispano-Suiza engine .918 

Hissing noise.580 

Hoffeker speedometer .513 

Hoist, chain type .615 

44 crane, for repair shop.605 

..“ hydraulic .‘.746 

Hold down clips, for battery.439 

Holley kerosene carburetor .827 

44 tractor vaporizer .827 

Home garage, how to construct.619 

44 made battery charger.460-464-466 

44 made wash rack.605 

Honey-comb radiator .187 

Holt caterpillar tractor .830 

Hook rule .700 

Horn brackets and handles.515 

44 bulb type .515 

44 electric.514-515 

44 how operated and adjusted.514-515-418 

Horse power abbreviations.585 

4 4 4 4 electrical test .586 

4 4 4 4 fable, S. A. E.534 

4 4 4 4 test, dynamometer .536 

Hose clamps .608 

44 for air lines .563 

44 for cooling system .193 

4 4 for radiator. 608 

44 for testing for valve leaks.629 

44 for water, rotten .193 

44 radiator, keep oil off .622 

Hot air attachment for carburetor.160-159 

Hotchkiss drive.22 

Hot crank case., .580 

44 pin manifold .160 

44 spot heating carburetion mixture.;.157 

44 water heating for carburetor.155*744 

Holmes air cooled car. address of.Insert Ho. 2 

44 weather tire inflation.553 

Hound rod, where used.82 

How to case harden steel.696-697 






























































































































































































How to dean various parts of car.507-508 

" " construct a garage for home use .619 

•• •• ** a garage for business.... 596 to BJ8 

•• " determine the poles of a storage battery.212-452 
** ** “ size pulley to drive air compressor.568 

" ** diagnose troubles.576-577 

*• “ drill .707 

•• 41 drive a car .501-485 

44 44 ile.708 

44 44 find degrees .541 

44 44 4 4 a grade .539 

44 4 4 4 4 horse-power.535 to 537 

44 44 4 4 piston displacement .538 

44 44 44 proper sise wire to use. 427 

44 4 4 4 4 the poles of the battery.452 

44 44 44 sise pulley to use .617-668 

44 44 44 speed of car .688 

44 44 4 4 thousandths part of an inch.....541 

44 4 1 4 4 wheel load of tires .554 

44 44 feld an inner tube .568 

44 44 keep snow from wind shield.508 

44 44 make gaskets .716-717 

44 44 4 4 a magnet re-charger .804 

44 4 4 overhaul a car .694 

44 4 4 read a drill gauge.699 

44 44 44 micrometer.698-699 

44 44 44 taximeter .537 

44 44 run a lathe .743-617 

44 44 select a car .627 

44 44 sell supplies .595 

44 44 ship a car by freight.510 

44 44 solder . ...711 

44 4 4 start a car.486 

44 44 start engine .487 

44 44 start into the automobile repair businesa.. .593 

44 44 steer a car . 493 

44 44 time valves .96-886 

44 4 4 use a blow pipe torch.735 

44 44 use brakes .494-491-492 

44 44 4 4 a metal saw .713 

44 44 4 4 taps.705 

Hab caps, tightening.681 

i and Cadillac 1914 Delco system.879 

carburetor .188 

chassis .204 

44 clutch adjustments .666 

44 dashboard.498 

44 disconnecting battery .423 

44 gearshift.497 

44 ignition timing .390 

44 lubrication chart .204 

44 oiling system and adjustments.... 198-200-694 

44 radiator shutter . 187 

44 rear axle adjustment . 674 

44 re-designing old car ...|.762 

44 * 4 six-40” Delco system.886 

44 4 4 six-40'’ wiring diagram (Delco).882 

44 spark and throttle control .497-496 

44 specifications .544 

44 starting operation .885 

44 “super-six'’ wiring diagram .891 

44 valve cap wrench .788 

44 4 4 timing .108 

Hupmobile dash board.498 

44 firing order .360-542 

44 gear shift .499 

44 ignition timing .860 

44 re-designing old car.762 

44 spark and throttle control.499-496 

44 specifications ..544 

41 starting motor clutch (repair).690 

44 valve timing.588 

44 wiring diagram .860 

Hundredths part of an inch.115-541-697 

Hunting link, silent chain .728 

Hydrant, parking near .603 

Hydraulic hoist .746 

44 type speedometer ..518 

Hydrogen flame .489-725 

44 generator.439 

Hydrometer .. .489-451-452 

for battery, why necessary.447 

for testing non-freezing solutions.193 

tests for battery trouble.457-450 

how to read .451-462 

44 readings, when to take . % .451 

44 syringe .489 

Hydrometers, types of.451 


GENERAL INDEX. 881 

Ignition and carburetion, elementary principle of.60-69 

44 generator combined.341 

44 valve timing of Chalmers.818 

Atwater-Kent .248-250 

automatic advance .246-249 

Bosch magneto .268-288 

coil condenser .228 

44 Delco .878 

44 distributor .282 

44 explained.215-219 

44 master vibrator .282 

44 tests 234-235-236-249-253-898-402-710-302 

current consumed, Delco .400 

Delco early form .874-875 

Delco on Cadillac .182-188-729 

fails suddenly .800 

for Marine engines.765 

' (four cylinder) how used with coil.226 

from generator .341 

high tension coils.218-219-220-231 

high tension magneto .269 

if fails (Delco) .401 

Locomobile .362 

low tension .260 

44 44 coil.206-216-217 

** 44 magneto.257 

** 44 and high tension coll..260 

magneto.268 

44 installation (see also magneto) 295-266 

multiple cylinder using make and break...260 

or spark lever . .... 67 

on stationary engines .757-215 

principle .206 

resistance unit .878-347-246-881-383 

retarding and advancing of.. .227-68-246-819 

setting, on Buick.109 

single spark .243-260 

single, dual and double.276 

spark, parts necessary.211 

•tarter .321-325 

starting engine.321 

storage battery .210 

succession of sparks .248-250 

switch, testing .253 

systems.213 

system, battery and coil.242-287 

44 close circuit principle .242 

44 Connecticut.251-254 

44 double.255-287 

44 dual.255-262-268-287 

44 former method used on Packard..263 

44 ideal .255 

4 4 4 ‘make and break".214-216-217 

44 modern battery and coil.287 

44 open circuit principle .242 

44 Packard.856 

44 Remy.251-318 

44 Splitdorf and Michigan .262 

44 synchronous.232 

14 two-spark and two-point. .277-283-284 

44 Westinghouse.251 

systems, advantages and disadvantages. .. .255 

a review of .255 

“ combining into 44 dual 4i A 44 double“287 

41 dual and double .255 

44 four on one engine. .286 

44 high tension .218 

44 low tension.218 to 218-260 

44 used on leading cars.548 to 246 

44 using battery to start on and 

dynamo to run on.217 

testing .235 to 237-710-739-744-416-241- 

304-302-301 

44 for amount of advance of spark. . .308 

time of.68-308 

timer, adjustments of .247-254 

44 and distributer.242-259-244- 

262-245-246 

44 Chevrolet.253 

44 Delco .245 

Ignition timer, Dort.738 

44 and distributor, drive methods. .246-246 
timers. Pittsfield. Phllbrin. Rhoades, Bosch.252 

timing (see setting and timing) ... .305 to 320 

44 Atwater-Kent.260-810-316 

44 Atwater-Kent on Ford.810-316 

44 Bosch dual . 312 

44 Buick .390 

44 Cadillac .132-188-729 

Chalmers . . . .357 


I-beam.710 

Ideal electric system .255 

Idling ef engine.153 

Igniter .215 

Ignition.206 

44 adjusting timer .245 

advance, tenting of.817 

advance, meaning of . 68 

advancing and retarding of... .68-227-246-819 


Chevrolet 
coil and 
Delco . 
Dodge . 
Ford . . 
Haynes 


.864 


battery .815 

.890 

.869 

.816 

.378 

Hudson.890 

Hupmobile.360 

King.860 

leading cars.642 

low tension .8 


























































































































































































882 GENERAL 

Ignition timing magneto.310-812 

44 “ make and break .815 

44 " Maxwell.867 

44 “ Oakland.890 

" “ Overland.869 

“ “ Packard.850-856-185 

“ ■* Pierce-Arrow.496 

44 “ Reo.878 

4 4 “ Saxon...864 

" “ sleeve valve engines... .186-139 to 140 

44 " Studebaker.866 

“ 44 verifying of .'....817 

44 tractor engine .832 

44 troubles.288 to 287-241-800 

44 two sparks.277-283-284 

44 use of dry cells instead of storage 

battery .428-424 

" vibrator coil .225-226 

44 Westinghouse.848 

44 wipe spark .215 

44 wiring diagrams, low tension.214-216 

44 wiring of high tension coils.229-231 

44 wire and sise to use.240-425-427 

44 without a spark.758 

I-head cylinders . 81 

Illinois tail light law .857 

Impedance, meaning of .878 

Importance of the clutch .493 

Improved rings for piston.655 

Impulse air pump .562 

Impulses and waves of electric current... .266-256-265 

44 or power strokes, 6 cylinder.128-125 

44 “ “ 44 12 cylinder .184 

4 4 4 4 4 4 4 4 how overlap .101-126 

Impulse starter, K. W.882 

"In” and "out" of clutch.83 39 

Inches converted into degrees.114-814-641 

44 decimal parts of .641 

44 symbol of .541-98 

Inch, hundredths part of .115 

Inch, thousandths part of.541-691 

Inches to centimeters . 540-544 

Inches to gallons, in Ford tank.824 

Inches to millimeters...589 to 541 

Increasing power of engine.809-585-586-627 

Indian motorcycle (Insert No. 3 & 2).844-811 

Indications of ammeter .417-410-416-414 

•• carbon.625 

“ “ open and short circuits.415-413 

“ “ noisy rear axle.932 

4 4 4 4 weak batteries .422 

Indicator for electric system.410 

4 4 4 4 oil, Hudson.200 

44 or trammel for valve timing.114-102 

Induced current, explanation of.219-221 

4 4 4 4 in primary coil.223 

Inductor type armatures.265-264-256-274 

4 4 4 4 magnelo.264-265-288 

4 4 4 4 setting of.586 

4 4 4 4 4 4 timing of .264 

Inertia gear drive (Bendix) .826-331 

Inflation pressure of tires.553-554 

Information relative to any car, where to obtain... 533 

Inherent control 6f current.839-345-346-363 

Inland piston rings .655 

Inlet and exhaust valves, size of.91-609 

Inlet and exhaust manifolds .83-164-159-157 

44 manifold too large or small.164 

44 valves.65-89 

4 4 4 4 opening and closing. 96 

4 4 4 4 spring weak .636 

Inner shoes for tires (also reliners).568 

** tube and valve.549 

4 4 4 4 average life of .569 

4 4 4 4 blow outs .572 

4 4 4 4 cementing a patch .569 

4 4 4 4 cut and torn .572 

4 4 4 4 how to fold .568 

4 4 4 4 pointers .569 

4 4 4 4 proper amount chalk to use.591 

4 4 4 4 removing of .558-569 

4 4 4 4 repairs.566 to 670-572-574-575 

“ “ splicing of .572 

4 4 4 4 steam vulcanizing .572-570 

4 4 4 4 using oversize and undersise.569-690 

4 4 4 4 valves .558-549 

4 4 4 4 stem repair .572 

4 4 4 4 vulcanizing of .576 to 674 

4 4 4 4 why gray or red.569 

44 using soapstone.569 

Insignia of airplanes .899 

Inspection of a car, engine and parts.510-595 

44 hole on engine for timing.120 

44 pits.603-604 

44 sheet for repairman.740 

Instrument lamp .438 

Insulation, meaning of.207 

Insurance.521 

Intensifying the current.214-215-219-260 

Intermediate or 2nd speed.51-488 


INDEX. 

intermittent motion of valve . 87 

Inte/nal battery short circuits.456-418-422-457 

Internal combustion engines .58-755 

44 gear drive axle.878 

44 expanding brake .80-888 

44 short circuits in battery.418 

Interrupter and distributor, explanation of .225-242-288 

adjustments.264-297-298-804 

44 advancing and retarding of.sus 

cams .809-298-262 

** construction.244-298 

44 for magneto and coil .280 

4 4 4 'magneto" type .248 

9 f Remy magneto . 298 

44 on magneto.272-278-298 

" or contact breaker.225-259-242-248 

44 point gap .642-264-816 

Interruption of current, with vibrator .228 

IKT, meaning of ..(see dictionary) 

Intoxicated persons driving .608 

Irregular firing .579-800 

Irreversible steering gear.26-891 

Iron and steels.721 

4 4 soldering .711-614-688 

44 wire resistance coil .829 

IN8ERTS: No. 1, page 16a; No. 2, page 140a; No. 2, 

page 288a; No. 4, page 864a. 

J 

Jack..741-593 

Jack for rear axle .741 

Jack for straightening bent parts.789 

Jackshafts, purpose and position of...«.16-20 

Jacox steering device .692 

Jar for battery .489-4*4 

4 4 4 4 ’ 44 its value after broken.471-467 

Jeffery spark and throttle control .499 

Jeffery Quad, 4 wheel drive truck.748 

Jeweler's file, for dressing platinum points... .284-809 

Jew speeder wrench.824 

Jig for drilling holes for cotter pins.729 

Johnson carburetor .184 

Johns-Manville speedometer .512 

Jordan rear axle adjustment .674 

Judging a second-hand car .528 

Jump spark coil .218 to 820 

" 4 4 4 4 tests and troubles.288 

4 4 4 4 4 4 without vibrator .246 

Junction or coupling box for wiring.426 to 428 

E 

Keeper, advisability of using on magnets.802 

Kerosene and gasoline, proportions of ..586 

44 carburetors.754-160-827-828-881 

4 4 4 4 where used .;186 

44 difficulties.681 

44 for cleaning crank case.201-595-821 

. engine . . .491-201-621-504-740 

44 " fuel, clean crank case often.881 

4 4 4 4 cooling, not advised .586 

44 freezing, boiling point and specific gravity.586 

44 bow used for steam car.768-788 

44 to loosen rings .860 

44 smoke indications.881 

44 tub, for cleaning parts.741 

44 vaporizer.820 

Key to motor car parts. 1 

Keys and keyway cutting.708 

Kick switch . 277 

Kilogramme, meaning of .541 

Kilometre, meaning of .540-641 

Kind of lubricating oil to use.200-201 

King car carburetor .184 

44 electric system .881-860 

44 ignition timing of .860 

4 4 oiling system .198-200 

44 spark and throttle control.496 

44 specifications .848 

Kingston carburetor .160-798-182 

" kerosene carburetor .764 

Kisael-Kar specifications .548 

Klaxon horn and tests .514-515-418 

Knock, cause due to bent connecting rod.ooe 

44 cause of.635 to 639-560-501 

44 caused by pre-ignition .689 

44 locating with aonoscope.886 

44 piston slap, cause of.687 

44 places to look for .686 

Knocks, testing for .889 

Knight engine.189 

44 ” 4 history of .887 

Knots, how to tie.784 

Krebs carburetor principle .144 

K. W. high tension magneto .288-889-998 

" impulse starter .832-929 

44 inductor type armature .254 

44 low tension magneto .244 

44 magneto connections .298 

44 74 explanation of . 

14 master vibrator coll and magneto. 

44 tractor engine ignition . 1... 


.285 





























































































































































































GENERAL INDEX. 
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i for melting 1 purposes.606 

Leg of explosion (foot note). 68 

,r " electric current .*..243 

44 “ reive, meaning of . 08 

•* " valve timing .101 


armature core .258-268 

" shims for bearings.641 

Lamp, amperes of .481-488*467 

44 base and sockets, cause of short circuits... .413 

44 bases.432 

41 burns bright but engine will not crank.457 

" 44 but fails to illuminate road.420 

44 “ dim.456 

" *' when starter is working.420 

" 44 out often.420 

44 candle power, amperage & voltage. .482-484-467 

*' dim, due to armature trouble.411 

44 dimming of .487-828-824 

44 does not light .410 

*• eleetric.482 

44 14 where used on a car.488 

“ fails to light .415 

44 ilaments.432 

44 flickers.420-421 

44 (headlight) how to iocus .488-486 

44 for shop. \ .735 

44 44 testing circuits .744-418-403-800 

4< 44 working around car .604 

44 gas and nitrogen.432 

44 goes out for instant only.420 

44 grows dim when engine is speeded up.420 

44 if one burns dim .420 

44 lens.420-433-435 

44 nitrogen filled .435-482 

44 reflector, polishing of .742 

44 resistance for charging batteries.. .465-460-461 

44 else and shape, how designated.434 

44 sises of Ford lighting system.434 

99 else to use.432-484 

44 too bright.420 

44 troubles and testing.410-710-416-418-403 

44 voltages.431-482-434-543 to 546 

44 watts and candle-power .467-431 

Lendaulet, definition of. 16 

Ijep of power strokes in multi-cylinder engines. 126-184 

Lap, sere, minus and plus.101 

Lapping compound .640-660 

44 piston to cylinder.660 

44 ring to cylinder .667-650 

44 4 4 “fit groove of piston.658 

44 tools.650-640-657-658 

Lathe chuck and tools .615-711 

44 how to run .743 

Lathes, prices and sizes of .617 

44 drill presses, etc., how to belt and drive.. .618 

Levine steering device .602 

Laws. Canadian auto . 524 

44 Canal Zone .524 

44 different states .522-523 

44 on lights too bright.437 

Lay out of a machine shop.617-618 

Leading carburetors .171 

44 cars, standard adjustments.542 

Lead burning .439 

4 4 4 4 of battery connectors .471-472 

Lead of valve .101 

oxide .445-447 

sulphate in battery .447 

wire, meaning of.207 

; of compression, causes of (see also compression>628 

(•proof rings.«.655 

air and gasoline.162 

” cylinder.103-713 

44 gasoline.162-103-712 

44 stopping with sal-ammoniac.718 

Leaking oil from bolt hoiks .584 

Leaky carburetor needle valve .585 

44 inner tube, testing of .568-567 

44 piston rings .201 to 203-655 

44 radiator.101-715 

44 top, how to repair.847 

Lean mixture .160-170-570 

Learning to operate an out'mobile.485 

Leather for clutch, treatment of.660-661-664 

44 tread tires .55in>50 

Leece-Neville electric system .878 

Lengths of spark plugs .387-288 

Lens, non-glare .420-435 

Level of float .147 

Lover movements and gear changing..408-400-488-486-51 

44 44 of leading ears .542 

Levers, spark, throttle, and gear shift.485 

Liability insurance .621 

Liberty engine .088 

License .633-623 

Lifting bodies .748 

44 engine from frame .606 

44 power of magnets .584-808-806 

44 transmission from car .787 


Lift of valve .95-11 

“Lift the dot" curtain fastener .84 

Light for working around car.60 

Lighting a car ..48 

4 4 4 4 garage. 690-60 

44 battery .44 

44 car, battery alone .43 

4 4 4 4 4 4 and dynamo .48 

44 circuits .43 

44 circuit, testing of .408-809-41 

44 circuits, material for .43 

4 4 4 4 examples of .426-429-480-48 

44 (electric) methods .43 

44 (gas) methods .486-48 

4 4 4 4 by elecric spark (gas, gasoline)..486-58) 

44 oil lamps .43: 

44 plant (Delco) .82 

44 switch.848-426-427-42! 

4 4 4 4 diagram of .42 4 

44 wire .425-427-421 

44 with magneto .432-264-26! 

44 troubles, digest of .41! 

Lights.482 to 434-487-46' 

44 dim .419-45 

44 dimming of .429-437-588-79! 

“ how many required .17-48: 

44 regulation of in cities .50: 

Limousine, definition and derivation.16-68) 

Lines of force about poles of magnet.26* 

Litre, what equal to .54 

L-head cylinders. 8 

44 cylinder vs. “T 4 * and 4 'I* 4 head.58' 

Lincoln Highway, map of . 52) 

“Lined” bearings .64< 

Liners.74-64 

Lining for brakes .688-601-689-69) 

44 up pistons and connecting rods.646-640-650-78 

4 4 4 4 wheels .68 

Line shafts, for shop .61: 

Lines of force (electric) .221-267-26 

Liquid rubber paint.501 

44 type speedometer .51 

Litharge for battery plates .445-44 

Live axles, disadvantages of.B1-50 21-13-673-67 

Loading up of engine.160-578-580-175-58) 

Locating knocks .635-687-688-78! 

Location of spark plugs.235-28' 

4 4 4 4 transmission . 4 

44 “ valves .0 

Locking a car.584-589-73 

Locomobile chassis . 4< 

44 dashboard. 498-501 

44 firing order .862-641 

44 gear shift .50( 

44 igdition timing .861 

44 spark and throttle control.501 

44 specifications of.64! 

44 steering column ..40' 

“ valve timing .10) 

44 wiring diagram .861 

Long body spark plug ..281 

44 stroke, meaning of . 81 

4 4 4 4 vs. short stroke engines .’...SB: 

Loop connections, bow to make.74: 

Looseness In chain how detected (see chains).72! 

Loping of engine .16! 

Loss of power.621 

Low gear, speed ratio .12-583-21 

44 grade gasoline vs. high grade... 158-161-585-15! 

44 tension coil .214-21! 

4 4 4 4 “ advantages and disadvantages.. .25! 

“ 4 4 4 4 and battery system.261 

4 4 4 4 4 4 ignition.206-216-21’ 

4 4 4 4 ignition “make and break”..214 to 21 4 

4 4 4 4 4 4 system.213-261 

4 4 4 4 4 4 timing.31i 

4 4 4 4 magneto and high tension coil. .250-261 

4 4 4 4 4 4 4 4 make and break system 

of ignition .261 

4 4 4 4 4 4 construction.25* 

4 4 4 4 1 4 inductor type (K.W.&Remy)26' 

4 4 4 4 4 4 relation to high tension... .26! 

4 4 4 4 4 4 with coil snd battery to 

start on .26: 

44 44 wires.241 

Low te high gear .51-486-48! 

Lubricating a speed car .760-76: 

44 car.203-591 

44 differential.206-669-621 

“ electric horn .5L 

44 engine. .201-501 

44 oil, relation to carbon.202-658-o2! 

44 oil tanks .601-601 

44 springs.622-74! 

44 with graphite .201 

Lubrication 4 'ball ana spring 44 adjustment. 198-200-85! 

Lubrication cause of smoke .202-203-668-621 

44 circulating system .2(M 

4 4 cold test. 201 

44 force feed .190-861 

44 general for all parts of car.208-20- 



























































































































































884 GENERAL 

Lubrication gravity.196 

mechanical pump .195 

methods on leading cars.643 

of a new car .491 

“ Cadillac.129 

44 Delco electric system .897 

44 disk clutch .208 

44 engine (also see oil and oiling).. .201 

Hudson.198-204-694 

•' King car.198-200 

44 parts on a modern car.,.204 

44 rear axle .204-205 

44 starting motor .331 

4 4 Studebaker .204 

44 transmission.203-204-669 

44 truck engine .834 

piston pumping oil .202-653 

pointers.208*204 

pressure.199 

troubles .20,1 

truck springs and axle.749 

using exhaust for pressure.195 

systems explained .196-199 

Lubricator stops working .581-741 

Lug for battery .439 

Lugs for tires .549 

Lycoming engine . 71 

Lynite pistons .588*651-75-645 

M 

McFarlan fear axle adj. and specifications. ...673-545 

Machine bolt .701 

44 shop equipment .617-618 

Machinist’s hand tap.704 

44 vise .615 

Mag-dynamo, motorcycle .811 

Magnetic field, explanation of .221-266-267 

gasoline tank gauge .514 

gear shift .482 

latch .483 

transmission .480-481 

type speedometer .513 

type switch .329 

valve lifter .710 

vibrator .220-225 

Magnetism, explanation of .221-267 

Magneto, action or principle of.266 

advance and retard of spark.305-267-277 

airplane use .918-922-293-927 

a mechanical generator .256 

and battery and coil ignition timing.812 to 318 

average advance of .309 

armulures.256-258-274-304 

44 high tension. .271-268-288-290-304 

44 relation to distributor.. 294-295-301 

44 relation to interrupter.309 

44 speed.294 

44 testing of.302-304 

44 winding connection of .258 

Berling.312-926-927-304 

•Bosch”.268-230-203-2(54-288 

44 DU4.268 

44 double system.276-277 

44 setting of .310 

44 two spark and two point.283-284-277 

cam and interrupter relation.313 

44 relative speed.259-267-281 

care of .297-301 

circuit breaker .272-304 

clockwise and anti-clock wise. . . .306-296-318 

coil damaged .300-304 

connections for firing order.296 

construction (low tension).257 

coupling.302 

disassembly.304 

distributor and interrupter explained.259 

44 connections.295 

44 speed relations of.306 

44 Dixie” (see also Insert).290-293 

Dixie motorcycle timing.292 

driving end of .313 

drive methods.294-295 

eight cylinder .293 

“Eisemann”.285-288-289 

fitting to engine .302 

fixed spark .807 

44 speed .295 

(Ford type) .265-805 

for lighting .432-264-265 

for tractor (K. W.).832 

four or six cylinder engines .306 

gears, removing .302 

condenser (alcohol) .730 

44 (electric) . . .269-273-228-229-245 

how connected to engine.801 

high tension .269 

how to stop generating current.259-275-276-299 

how used alone.287 

ignition, advantage and disadvantage... .255 

igniton, meaning of term.341-376-244 

interrupter adjustments.297-298-804 


INDEX. 

Magneto interrupter gap .*.315-304 

(Remy) .298 

("K. W.”> 265-288-296-831-998 

laminated armature, core of. 168 

lines of force.26T 

low tension and high tension coil.269-287-268 
coil and battery to Start on, 

261466-267-214 

41 44 ‘‘inductor” type .266-118 

“ “ 214 

magnets disassembled .302-304 

finding N. or S. pole.803 

4 4 how to test .... 303-304-864J-805 
4 4 re-magnetizing of 300 to 304-807-819 

manufacturers, addresses of .268 

maximum position .28T 

(Mea) .288 

motorcycle (Insert ho. 8).811 

oiling of .299 

or dynamo voltage, what depends upon..212 

parts, speed relation of.296-808-808 

peep hole .297 

pivoting type .288-289 

points pitted .298-804-884 

principle of .256-267 

ratio of gearing.294 

(Remy).264-288 

repairing.288 to 804 

safety spark gap .299-278 

separating distributor cables.297 

aetting armature .310-311-267-809-813 

44 by degrees.811 

44 use of coupling.802 

44 Splitdorf, Remy, Eisemazm.818 

silent chain drive .294 

simple form of .267 

Simms.812 

single, dual and double systems.276 

4 4 6park gap” .291 

spark coutrol .806 

speed .295-294 

44 relations of parts .806 

(Splitdorf).288-818-926 

Splitdorf-Dixie.290-898-922 

44 ” setting of . .292 

switch. 276-269 

synchronizing the points and distributer.201 

testing of.802-308-204 

44 magnets .301-303-864J 

timing.310 to 313-315 to 818-267 

44 checking of .816 

44 inductor type .264 

44 (Locomobile) .862 

troubles.299-300-801 

two-spurk ignition (Bosch).288 

twelve cylinder .998 

Magneto type” interrupter on coil system.244 

Magneto will light lamps.266 

vibrating duplex system.288 

what geared to and mounting.294-802 

winding.266-271 

44 testing of .801-294 

wiring of.297 

with automatic advance .287-289 

wire, size to use.240 

Magnets of magneto.256 258-272-300-808-819 

and “field of force” .266-267 

and pole pieces.271 

electro field .266-267 

for producing the magnetic field.. 828-826-822 

how prevented losing magne'tism.806-298 

how to find polarity.308*805 

lifting power .584-808*806-801 

of magneto, how to test.308-304-864J 

made of steel .80S 

of magneto, how to remagnetize S08-819-864J 

permanent field.266 

principle of .400-267 

Main air supply of carburetor.147 

44 bearings of crankshaft ..641 

Make and break ignition explained.266 

“ “ 44 “ timing.816 

Make and break ignition on multiple cylinder 

engine.890 

“ “ 44 system.214 to 217 

44 of engine used on leading cars.542 to 646 

Slaking wire connections .240*241 

Malleable past iron .721 

Manifold construction .82-164 

Manual control of spark.246-249-877-187*160-164 

Manifold, “hot pin” .169 

Manufacturers, addresses of.(see index, Address) 

Map of Lincoln Highway.680 

Marine engines .766 

Marking fly-wheel .106-107-99 

44 piston rings ....669 

Marks on fly-wheel, for timing.104-102-106 to 107 

Marmon gear shift .499 

44 rear axle .89 

** spark and throttle control. 


























































































































































































GENERAL INDEX. 


886 


Harmon specifications.646 

4 * **84,” valve timing of .113 

“ valves, overhead . 00 

" wiring diagram .861 

Marvel carburetor .179 

" valve grinder . 602 

Master carburetor.180-168 

44 or Hunting-link of silent chain.728 

44 vibrator ooil .280-282 

44 * * advantages and disadvantages.256 

4 4 4 4 4 4 connections .264 

44 “ 44 Delco relay system similar... .374 

Match, substitute for.586 

Maximum gravity .489 

44 position of magneto armature.267 

Maxw?U, adjustment of transmission.670 

‘ 4 disconnecting battery .428 

44 * firing order .867-54*4 

44 ignition.867 

44 racer valve timing .108 

44 rear axle adjustments .675-676 

44 re-designing old car.762 

44 spark and throttle control.406 

44 specifications .545 

44 eteering device .693 

44 valve grinding .633 

4 4 4 4 tappet adjustment .738 

44 wiring diagrams .365-366 

Maybach carburetor principle .144 

Mayer carburetor .180 

Masda lamps.482 

Mea magneto .*.288-280 

Meaning of degrees .93-541 ’ 

4 4 4 4 "ORND”.218 

4 1 4 4 4 4 INT’ 4 .(s«e dictionary) 

44 14 inches, seconds, feet, minutes.541 

4 4 4 4 resistance .209 

4 4 4 4 valve lap, lag, and lead.101 

4 4 4 4 valve timing marks, on fly wheels.... 104 

Measuring current, method of.416-410-398-399-414-415 

instruments, use of .414-697 

Measurements of rims for tires.554 

Mechanical generator of electricity.210 to 212 

4 4 4 4 regulation methods .837 

44 governor control of electric syatem.847-851 

44 lag.243 

vibrator.220 223-225 

| Mechanically operated needle valve.174 

! 4 4 4 4 valves . 91 

1 Melting points of metals .. .680 

i Mercury arc rectifier .... 468-465 

i 44 cooled exhaust valve.824 

44 regulator (Delco) .380-847 

Meshlag gears.Ill to 118-109 89-386 

1 44 sprockets (silent chain).118 

Metal polish .508 

44 melting point of .539 

44 saw, how to use.713-710-739-617 

Meter,(see am.,voltmeter)4l4-377-398-410-415-424-864K 

Metering pin and dash pot.151-149-586 

Metres to yards .539 

Metre, designation or symbol of.541 

Metric scale rule .540 

Metric spark plug .238 

44 sizes of tires to inches.554 

44 tables.541 

Meshing timing gears on “T” head engines.106 

Mica cutting down on commutator.404-409-748 

44 for spark plugs .288 

44 peep-hole, on distributor.297-310 

Michigan-low tension magneto, coil and battery... 262 

Micrometer.698 

44 caliper.698 

44 Vernier scale ... M. ...698 

Miles and kilometres .540 

44 of roads, different states .584 

Millimetres, dimension of .539-540-312 

Millimetres to decimals . ..'..540-541 

4 4 4 4 inches.540-539-541-554 

Milli-volt reading explanation .414-453 

Miniature base for electric lamp.433 

Minus lap, meaning of.101 

44 sign (—) meaning of.213 

Minutes, designation of .j541-93 

44 seconds and degrees .93-541 

Mirror for attachment to dash.514 

Miscellaneous devices for Fords.824 

44 shop devices.730 

44 tables.539 

Miadring. causes of—see digest of troubles and 

missing.785 

Missing at high and low speeds.299 

44 of explosions .170-288-298-800-241-236- 

237-808-804-806-785 
44 4 4 4 4 testing of (see index testing).249 

44 testing which cylinder.237-236 

44 on two cylinder opposed engine.687 

44 with spark retarded or advanced.298 

Mitchell adjustment of transmission. 671 

4 4 clutch .662 

44 dash board .498 


Mitchell ignition timing .268 

Mitchell-Lewis wiring diagram .867 

44 spark and throttle control.496-498 

* 4 specifications.846 

44 steering device.696 

44 valve timing of .166 

Mitre cut, piston rings.609 

Mixing electrolyte .448 

44 tube and mixing chamber .148-147 

44 valve for two cycle engine.756-141 

Mixture, at high and low speeds.168-679-S98 

44 how to determine and test.168-169-586 

44 not correct .142-578-679-189-170 

44 of carburetion, heating of.159-167 

44 proper.61-169 

44 rich and lean ..169-170-579 

44 which heats engine .586 

Modern battery and coil ignition system.. .242-287-946 

Money making additions for shop.610-601 

Monarch governor .842 

Mono-block cylinders (see dictionary).659 

Monosonpape .910 

Monroe, specifications of. 545 

Moon spark and throttle control.496 

44 specifications.545 

Morse chains and vibration dampener.728 

Motometer, (Boyce) .188-611 

Motor and engine, difference .. . 58 

* 4 4 4 generator combined .886 

4 4 boat horns .515 

44 boat, Ford engine.825 

“ bob.765 

44 clutch, (Delco) .887 

Motorcycle carburetor .845 

44 engines (Insert No. 3).755-848 

44 engine fly wheels. 74 

14 electric system.848-811 

44 magneto timing.998 

4 4 transmission.845 

Motor multi-polar .828 

Motor, (electric) parts of .328-828-825 

Motor-generator 4 'double decker 44 .952 

for battery charging.462-864K 

principle (Delco) ...379-380-887-886 

54 “ system, parts of.847 

“ how converted into a generator.362-847 

44 principle of .400 

“ tests.407-416-424-410 

44 type electric horn .514-616 

“ wheel.755 

44 winding, (Delco) .881 

•‘Motoring” generator (Delco) .399-886 

Mud chains for tires .660 

* 4 guards bent, how to straighten.745-781 

44 how to pull car out of.784-517 

Muffler and exhaust pipe.88-12 

44 cut-outs.84-608-788 

44 O' erheuts.580 

44 raring ear effect.761 

Multiple disk clutch.41-40-663-666-667-779 

44 adjustments.668 

44 jot carburetor .148-179-180 

44 switch connection .497 

Multi-polar motor .838 

Mushroom valve lifter.94 

N 

N. A. 0. 0.—meaning of.584 

Nash, hot air carburetion .169 

4 4 truck.748 

N and S poles of magnets, how distinguished. .308-800 

National dashboard .498 

44 spark and throttle control......496 

Neats-foot oil, for clutch .660-662 

Needle valve, automatically operated.172-151 

4 4 4 4 for carburetor .148-166 

Negative and positive pole connections.229-445 

4 4 * 4 4 4 4 4 how determined. ...212-452 

458-856 

4 4 4 4 4 4 terminals.209-445 

4 4 plates .445 

4 4 4 4 give less trouble than positive.... 469 

Neutral position of gear.38-48-46-51-486 

New engine 4 ‘running in 4 ' .208-489 

Nickel and brass polish .668 

44 steel.Til 

Nitrogen gas 811ed lamp .. 422 

Noises about car, to stop .717 

44 in drive gears, how to eliminate.. .673-674-932 

44 in engine, see knocks .639 

44 in rear axle, how to detect.739-982 

44 in rear axle, how to elimnate. . .672 to 678-982 

4 4 4 4 transmission.560 

Noisy valves .96-684 

Non-automatic spark (Delco electric system).894 

44 -circulating lubrication systems.196 

44 -freezing solution for gas generators.193-438 

4 4 4 4 4 4 4 4 radiator.198 

44 -glare lens .429-438 

44 -skid chains.550-569-660 

4 4 4 4 tires .560 

44 -stallable engine.85"" 
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Non-vibrator coil .235-245 

North-£ast electric system on Dodge.369-370-733 

“ “ generator chain, adjusting of... 411-369-733 

Nossle sizes, carburetion.178 

Number illuminator lamp .483 

Numbers on batteries, meaning of.443 

Nuts (tight and stripped thread) remedies for....709 

Nuts, assorted .607 

*' bolts and screws .701 

44 on cylinder heads, to tighten.717 

44 to prevent coming loose .710 


Oakland ignition timing .390 

44 re-designing old car.762 

** spark and throttle control .496 

4 * specifications of .545 

" unit power plant . 44 

Odometer.611 to 513-17 

Office of a garage, plan of.596-599 

work, pointers on .599 

“Off,’.’ “on,” indicator readings, meaning of. .417-410 

Off-set cylinders .81-82-682 

Ohm. meaning of .207 

Ohms resistance, when charging batteries.464-463 

Oil circulation stopped, cause of.200-733-709 

44 oooling method .915-201 

M cups, sizes of...608 

11 depth of, in crank case.196 

«• drips. 208-669-581 

M emptying from barrel .603-730 

•• filter . *.602-603 

“ for drilling.707 

“ for timer .247-689 

“ gauge .199-200 

14 grooves in bearings .640-644-203 

“ “ “ pistons.652-653-202 

•« ran.692 

M indicator.200 

44 kind to use .200-201 

44 4 4 4 4 4 4 for thread cutting.705 

44 lamps converted into electric.430 

44 leakage from axles . 678 

•• 4 4 4 4 bolt holes.584 

“ •« •• engine.203-669-581 

“ 4 4 4 4 valve guides .737 

44 level in gearset and engine (Dodge).670-733 

44 lighting .438 

44 not enough, cause and remedy.202 

44 of vitriol .489 

44 on clutch leather .580 

44 pressure gauge does not work.199-581-733 

“ 44 regulation.199-200-694 

44 4 4 various cars .642 

44 pump, adjustment of.199-694 

44 44 and oil pressure gauge....199-810 

4 4 4 4 4 4 pipes, cleaning of.200 

4 4 4 4 fitting to racer .760-761 

4 4 4 4 priming of .200 

4 4 4 4 relief valve . 859 

44 regulation, spring and ball and eccentric.200-694-741 

44 relation to spark plugs.233 

44 settling tank.603 

44 soaked spark plugs .202 

44 storage system .736 

4 4 4 4 tanks.602-608 

44 testing of . 201 

44 too much, cause and remedy.202 

44 trucks for garage .739 

44 using over again . 201 

44 waste, due to piston rings.658 

Oiling and greasing a car .. 622-203-204 

Oiling and greasing Hudson and Studebaker, 

examples of .204 

44 and greasing, price charged.595 

44 of magneto.299 

44 system of King, Hudson .198-200-694 

Oiling systems; splash, semi-splash.197 

Old cars, re-designingi and speeding up.760 to 762 

44 gasoline .163 

Oldham coupling for magneto shaft.802 

Oldamobile dashboard .498 

44 spark and throttle control.496 

44 specifications of .545 

44 wiring diagrams ...393-394 

Old tires, price of .588 

“One-piece” clincher rim.662 

One piece spark plug.288 

One way streets, meaning of.503 

Open and close circuit principle of ignition.248 

44 circuits . 415-418 

44 circuit, ignition system.242 

4 4 4 4 coil test .402 

44 4 4 tests.416-418 

44 end wrenches .611 

44 cure, meaning of .564 

Opening and closing of exhaust and inlet valves.... 96 

Opening a headlamp .487 

Operating a car.485-492 

44 4 4 truck.749 

Operation of Packard.850 

Operation of transmission. 50 

‘ type engine . 70 


Order of firing of cylinders .Ill 

Ordinances of St. Louis.501 

Orphan cars, or those no longer manufactured.547 

Overhauling a car.594-621 

” 4 4 4 4 prices usually charged.595 

44 brakes.688-689 

44 and adjusting clutches.661 to 668 

44 gear sets or transmissions.669 to 671 

Overhead valves, advantage of. ...85-91-94-686-532-627 

44 valve clearance .94-109-686 

44 44 engine.186-636 

4 4 4 4 grinding.630-636-90 

Overheating...189-201-679 

44 due to spark control.819 

44 of battery . 457 

4 4 4 4 exhaust pipe and muffler.586 

Overland, adjustment of transmission.670 

4 4 carburetor. 186 

44 clutch adjustment .666 

44 clutch spring compressor .647 

44 dash control units.497 

44 disconnecting battery ..423 

44 electric starter and generator.858-824 

44 engine, fitting main and connecting rod 

bearings.647 to 649 

4 4 firing order .869-542 

44 gear changes.49-490 

44 piston lapping tool .649 

44 re-designing old car .762 

44 removing piston .646 

44 socket wrenches .598 

44 spark and throttle control.496 

44 specifications of .1.545 

44 sprocket chain tightener .648 

4 4 steering device .698 

44 wiring diagram .868 

Overloading of carburetor.175-586 

Over-oiling, prevention of.202-652 

Over-running clutch .341-886-898-351-690 

Overshoes for tires.569 

Oversize inner tubes.560 

4 4 pistons. 609-792 

4 4 4 4 where to obtain .828 

44 stud, how to fit .709 

44 tires.553-554 

44 valves.630-609 

Overslung and underslung, meaning of.11 

Outer shoes for tires .568 

Outfit for welding .-.727 

44 of tools for the auto mechanician. .592-694-795 

Outfits for camping* ..516 

Out of gasoline, what to do.585 

Owen magnetic, specifications of.545 

41 44 transmission.480-481 I 

Owners license.522 

Oxide of lead.445-447 

Oxy-acetylene cutting .724 

4 4 4 4 welding.718 to 727 

Oxygen decarbonizer.624-625 

Oxy-generator of steam (superheated).735 

Oxy-hydrogen for welding .725 


Packard adjustments .850 

44 battery and generator disconnecting of_423 

44 carburetion.855 

44 dash board and control units.498 

44 electric system .857 

44 engines.851-853 

44 firing order .135-542 , 

44 former method of ignition.268 

44 gasoline system .854 

44 gear shift .498 

44 ignition.856-850 

4 4 4 4 timing.850 

Packard, radiator test.715 

44 spark and throttle control.496 

44 specifications of .546-825 

4 4 supplement.850 

44 vibration dampener.850 

44 water type governor (old model).154 

Packing for carburetor flange.159-164 

44 of water pump .191 

Paige dashboard .498 

44 spark and throttle control.496 

44 specifications.546 

Paint for battery box.471 

Paint for tire .509*571 

Paint, heat proof.509-568 ; 

• 4 on aluminum, how to remove.461 

Painting battery box .*...478 

44 gear changes .49-468-490 , 

44 car.569 i 

14 cylinders, engine and manifolds.509-586 \ 

4 4 fenders after repairing .745-761 j 

44 garage walls .TIM 

44 radiator.194-509-786-566, 

44 tires. m 

Pan cakea, how to make when touring.5j 

Pantasote, meaning of.jj 

Parabolic reflectors for headlights.481-41 



























































































































































































Panllel connection* .808-466 

Parkin* rule* .... 608 

Parts, for cars no longer manufactured.647 

*' of a battery and coil system of ignition.245 

** a battery (modern).446 

“ “a carburetor.146 

“ 5 an electric generator .886 

fl * ** an electric starting motor.826 

** ** a spark plug.218*288 

** “ clutches (see clutches).37-38-40-662 

** *' engine. 72 

“ *' steam engine .766 

** to lubricate on a modern car.204 

Peak of wares of electrio current.266*265*266 

Pedal and adjustments for clutch.665-662 

** systems.485 

Pedestrians, rules governing street crossings.601 

Peep-hole on distributor of Bosch magneto.310 

Peerless, specifications of.646 

Per cent grade, liow to find.639-588 

Periodical attention to a car.510 

Periods of valve opening and closing.100 

Permanent and electro fields (see electric)... .835-332 
44 field magnets (see magnets)257-212*828-826 

Peroxide of lead .445-447 

Pkilbrin ignition timer .252 

Picric acid in gasoline for racing.809 

Pierce-Arrow dashboard.498-600 

44 •‘dual” valve engine.927 

44 electric system.349 

44 ignition timing .496 

44 gear shift .490 

*' spark and throttle control.......500*496 

14 specifications.546 

Pierce governor.840 

Pig-tail connection on brushes.404 

Pillar lamp .483 

Pilot light for welding .626 

.* steam car .764-766 

Pinch bar .787 

Pinion adjustment.673-674 

Pinned piston ring .653-655 

Pipe capacity .689 

dies, for small pipe work.608 

fittings. 608 

taps.704-608 

threads.702-704-703 

Piston . .74 to 76-202-646-609-662-659 

aluminum.75-646-651-792-609-818 

and connecting rod, lining up of .659-646-649-788 

“ piston ring questions answered.651 

eause of excess of oil.663-202 

cast iron and aluminum.646 

clearance.651-649-792-588-75-645 

44 greater at top.661 

“ too slack.653 

displacement.638 

fit too close to cylinder wall.661 

finding position of .320 

for high speed work.75-792-813 

lapping.649-650 

lining up of .646-649-659-783 

loose and test for.688-661 

“Lynite” or aluminum alloy.. .75-645-651-588 

oil grooves in .202-663 

oil pump for Ford .810 

er wrist pin .74-648 

ovorsise.609-792-653 

44 where to obtain .823 

pin or wrist pin .73 to 75-85 044-645 

pin, removal of.650 

pumping oil .202-653*652 

relation to smoke and excess of oil.652 

replacing into cylinder.659 

rrplitcuig V-type . ...741 

rings.75-654-655-651-791-792 

ring clearance at gap .649-655 

44 concentric and eccentric.651-654 

44 filing.658 

44 lapping of .657-649-650 

44 (< to fit groove ..658 

4 ‘ leak, test of.656 

44 leaks, cause and effect.655 

44 mitre and step-cut.655-609 

44 removal of .657 

44 and excess oil relation.668-200 

44 cause of loss of compression.628 

44 cut or scratched .666 

44 fit bottom one first .658 

4 4 fit best one at top. .659 

44 for fitting ends.657-735 

44 fitting to cylinder .657 

44 fitting to piston .658-659 

4 4 if doll and dirty. 655 

44 if in good condition smooth and shiny. .655 

44 leak.201 

44 leak, result, oil soaked spark plugs..202-208 

44 lost tension .656 

44 marking of .667-659 

44 patented typo.656 

44 pinned.658 

44 poening of .657 
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Piston ring size on leading carp.609-648 to 646 

4 4 4 4 sticks in groove. 628*656 

4 4 4 4 to loosen with kerosene.666 

4 4 4 4 too tight, cause; lack of lubrication.... 668 

4 4 4 4 troubles and remedies.666 

' 4 seised. 689 

“ Blap. 687 

Bpeed.684 

44 strokes of .67*116 

44 travel in inches and degrees.314 

Pit, for working under car.608-604-789 

Pitch gauge .700 

4 4 of screw threads ..698-700-702 

4 4 4 4 thread, how to measure.T02 

Pitot carburetor principle.800-177*140 

Pitted platinum points on magneto.298*804*284 

valves.92-660 

Pitting of vibrator points .234-235-229*808 

Pittsfield ignition timer .262 

Pivoting type magneto .288-289 

Plain bearings for engine....72-640 te 644*208 

Plain tube carburetor (Pitot).149-176-177-800 

Planetary gears (see Ford Supplement).46*776 

Plante type battery plate .. 440-446 

Plate type clutch.41 to 48-60-666*666 

Plates, battery.445-440 te 442-444 

ot batteries, straightening.466 

Platinum.234-259-248-804 

Platinum points, dressing of .234-809-804 

Pliers, combination typo.614 

Plug (drain) where situated .901 

Plug (fire) parking near..608 

Plugs, spark (sea spark plugs).219-266 

Plunger or tappet, valve type. 92-94-649 

44 type oil pump.199 

Plus lap, meaning of .101 

Plus sign (-+*), meaning of .218-446 

Pneumatic tires.649-666 

Pocketed velvo.712-681 / 

Poening piston rings.667 

Pointer on office work. 699 

Pointers for auto salesman.629 to 568 

4 4 4 4 repairman.698-694 

44 on changing gears .488-498 

44 on driving .606 

44 general lubrication .208-204 

44 44 inner tube repairs.669 

44 operating a car...,.492-488 

4 4 4 4 selecting a pleasure, commercial car 

and second hand car .627-628 

“ 44 tire repairs .571 

4 4 4 4 vulcanizing inner tubes.573-672-674 

4 4 4 4 welding.726 

Points. (spark plug) .238-234-804 

44 (vibrator) sticking .286-806 

Polarity, meaning of .489-462 

44 of battery, how determined.462-212 

44 or pole changing switch .246 

Pole finding, with rectifiers not necessary.466 

44 pieces and magnets.271 

4 4 4 4 of magneto .268-267-462 

4 4 4 4 4 4 starter motor .828-826-828 

Polos of a storage battery, how determined.212 

Polish for bodies .507-606 

44 glass.608 

4 4 4 4 nickel and brass .. 606 

Poppet type valve.-. 91 

valves, why so called .68T 

Popping or back firing in carburetor.170-199 

Porcelain for spark plugs .218-288 

Portable, blacksmith’s forge .616 

44 lamp for working around car.604 

44 work bench .605 

Port opening of valve on engine. 88 

Position of piston, how to find.106-114-820 

4 4 4 4 spark plug on engine ..219 

Positive and negative pole connections.229 

44 4 4 4 4 using volt meter to find.458 

4 4 4 4 4 4 terminals.209 

4 4 4 4 4 4 4 4 grounding of...218-421 

4 4 4 4 4 4 4 4 how determined..212-462 

4 4 plates.445 

4 4 4 4 buckle oftener than negative.469 

Potash solution for cleaning metal parts.401 

Potatoes, how to cook, when touring.519 

Potential or voltage regulation.345-849 

Power air pumps.562 to 564 

44 cause of loss .626 

44 hack saws .617 

** impulses, six cylinder .128 

44 “ twelve cylinder .185 

44 of engine, how Increased.809-585-586-627 

44 plant, purpose of parts .10-11 

“ stroke .57-116 

44 strokes, overlap of 12 cylinder engine.184 

44 to rnn machinery .617 

44 transmission, different methods of. 14 

Precautions, cold leather.193-451*686-686-589-804 

Pre-heating and re-heating .719-T2T 

4 4 4 4 furnace.720-721 































































































































































GENERAL 

Pre-ignition.680*288-625 

Premier gear shift .482 

Preparing ear for service.487 

Pressure gauge for oil .190-200-604 

** of air in tires.553-554 

“ gaJbline system .854 

•• 7 ‘ oil, regulation of.109-200-604-741 

“ “ oil, leading cars.542 

Frest-o-lite gas tank .436-438 

“ 44 starter.322 

4< tank, if can use to clean carbon.626 

Prset-O-Vacuum brake .470 

Prevention of over-oiling .202 

Prices and sites of hack saws, and other shop , 

equipment.617 

** and sites of lathes.617 

** for storage and repairs in garage.599 

of shop machinery .618 

** to charge for battery work.473 

** *' 4 4 4 4 welding.723 

14 usually charged for miscellaneous repair 

work.505-704 

44 usually charged for tire repair work.574 

44 usually charged for welding and cutting.72.8-725 

Primary armature winding .274-267 

44 cable.240 

44 coil winding .216-221-245 

44 switch, testing.253 

Primer (electric) for carburetor.157 

44 for gasoline .156-321-801-823 

Priming, air intake .855 

Priming.163-156-321-322-801-823 

44 cups.65-801-823 

44 engine.153-156-580-801-823 

44 oil pump .200 

44 rod for carburetor .160 

44 starter for engine .322 

44 with high gravity gasoline.156 

Principle of carburetor .142 

4 4 4 4 Diese! engine .587 

4 4 4 4 electric motor .400 

44 14 generator.332-338-335 

4 4 4 4 high tension coil .221 

4 4 4 4 magneto.256-257-266 

4 4 4 4 oxy-acetylene blow pipe.724 

4 4 4 4 ignition .206 

4 4 4 4 tractor drive .752 

4 4 4 4 two-cycle engines .756 

4 4 4 4 volt-ammeter .898 

Process of elimination in trouble hunting.577 

Progressive type transmission. 46 

Pronunciation of auto words.582 

Preny horse-power brake test.538 

Propeller or shaft drive . 10 

44 type, fan.192 

Property damage insurance.521 

Proportion of air and gasoline .586 

Protractor, what used for.541-107 

Prussian blue test for valves and bearings....630-643 

Publications, auto .529 

Puller for gears .748 

* 4 4 4 generator gear .788 

44 4 4 steering post .786 

4 4 4 4 wheels.606-737-742 

Pulling car out of mud .784-517 

Pullman spark and throttle control.496 

"Pull U-Out’’ .518-734 

Pulleys, how to find proper site..563-617 

Pump for air ..‘...562-553-564 

4 4 4 4 gasoline .602 

4 4 4 4 oil.199-200-810 

44 hand for lubrication.197-814-816 

44 leaks .193-191 

44 mechanical for lubrication .195 

44 packing of ..191 

Pumping oil by piston .202-653 

Puncture proof tire .559 

Purpose of spark plug .219-238 

o. 

Quick detachable clincher reversible rim.552 

4 4 4 4 demountable rim. .550 to 552-555-557 

Quiet cams . 09 

Questions and answers .581 

44 answered on pistons and rings.651 

4 4 4 4 4 4 reboring cylinders .654 

4 4 4 4 4 4 steam cars .763-765 

44 sometimes asked by examining board. .. .524 

R 

Race, first official road race.581 

Racing car lubrication .760-761 

44 driver’s earnings .582 

44 engines, valve timing of.....108 

44 records.540-582 

44 Raey-type” ears, to convert.760 to 762 

Radial bearings . 36 

Radiators.187 

Radiator, cleaning of .101-789 

44 cold solder for.715 

44 cover.%.188 


INDEX. 

Radiator, extension tank .190 

44 frosen, how to tell.193-579 

44 height of water in .185 

4 4 hose .608 

44 how to keep oil off hose.622 

44 leaky.191 

44 marking leaks .715-191 

44 painting of .194-509-736-584 , 

44 repairing of .104-714-789 

44 shutter device .188 

44 soldering.715-711-614-586-789 

44 syphon tank .190 

44 testing for leaks .t....715 

44 why should be kept full .590 

Radius rods .18-20-21 

Railway (overhead) for repair shop .740 

Rain and snow, how to prevent ota wind thield508-849-732 

4 4 spots, how to remove...507-508 

44 vision, wind shields .732-849-828 

Raising a car to work under it.604 

Range of spark advance.249-312-319 

Rates for charging battery .461-467 

Ratio of car and engine speed.12-22-204-637-683-775-781 

4 4 4 4 drive, leading cars.22-543 to 546 

4 4 4 1 gearing (Ford) .780-781-815 

4 4 4 4 4 4 leading cars .588 4 

4 4 4 4 4 4 magneto .294 

4 4 4 4 4 4 Timken rear axle .674 

4 4 4 4 transmission gears .669-583 

Rays of light, meaning of.433 

Rayfield carburetor .151-175 

4 4 4 4 float level .167 

Readings of an ammeter.414-417 

Reamers.706-616 

Reaming a hole .708 

44 cylinder.616-653-654 

“ ill effects of .712 

44 valve stem guide .632-6*0-634 

Rear axle and adjustment. ... 31-50-669-672 to 679-932 
4 4 4 4 and differential adjustment, Timken. 

673-674-678 

44 “ adjustment of Buick.676-677 

. 44 Cadillac.674 

“ 4 4 4 4 4 4 Chalmers.674-678 

4 4 4 4 Daniel*.673 

‘ 1 “ 4 4 4 4 Dodge.932 

" 4 4 4 4 4 4 Dorris.678 

,. 44 HAL.678 

“ “ 4 4 4 4 Hudson.674 

4 4 4 4 4 4 4 4 Jordan.674 

. 44 Maxwell.575-676 

4 . 44 McFarlan.673 

. 44 Reo.679 

4 4 4 4 “ 44 Saxon.678 

4 4 4 4 4 4 4 4 Westcott.674 

44 “ assembly, Chevrolet .671 

4 4 4 4 distinction of (S. A. E.).669 

4 4 4 4 driving gears .35-50 

44 “ full floating .33-669-673-677-932 

4 4 4 4 gear ratio .074-543-588 

4 4 4 4 housing, handy wrench for.824 

“ “ hums, how to detect .739-932 

“ 44 internal gear drive.078 

“ “ precautions.682 

“ “ removing.33-669-932 

4 4 4 4 semi-floating.33-669-674 

44 “ stand.730-709-797-824-605 

4 4 4 4 4 4 for Ford.744 

4 4 4 4 three-quarter floating .83-669-672-673 

“ 44 trucks.749 to 751 

“ 44 two speed .483 

4 4 4 4 types used on leading cars. — 669-543-546- 

673-674 

4 4 4 4 with transmission .47 

4 4 4 4 worm drive .82-85-750 

Rear wheel puller .737 

44 wheels (Buick), reftioval of .677 

4 4 4 4 (Cadillac), removal of .677 

4 4 4 4 removal of .669-679-932 

4 4 4 4 (Studebaker), removal of .677 

Reboring cylinders .653-654-792-818-616 

Recipes for body polish, leather dresainr etc. .508-509 

Recharging magneto magnets .303-807-819-864J 

44 magnets, method of construction.303 

Reciprocating motion of piston (aee dictionary).... 56 

Record, dirt track racing.582-540 

Rectifier bulb .465 

4 4 for charging batteries. . 463-465-464-439-864L 

44 home-made. 466 

44 mercury arc.465 

44 (Westinghouse) .466 

Re-designing old cars.760 to 762 

Reduction gearing, electric starter motor.328 

Refacing and reseating valves.680 to 688-92 

Pnflnrtrtr of limp, polishing and plating of..742 

Reflectors, adjusting of .482-485 

44 how to clean .485 

44 parabolic.481-438 

Refrigeration of carburetor .158-754-565 

Regal spark and throttle control.496 



















































































































































































GENERAL INDEX. 


specifications ..-. 640 

Regrinding cylinders .658-792-654 

“Reg.’’spark ping, meaning of.238 

Regular length spark ping.288 

Regulating charging current, Delco third brush.... 390 

f * oil pressure.199-200-694 

4 1 4 4 4 4 leading cars.542 

44 resistance units, size to use (Delco).. .897 

44 spark.486 

Regulation, amperage and voltage.342-843-845-349 

11 bucking-series .845 

44 constant amperage .848-844 

44 methods of electric generator.843-845-925-387 

44 of output of generator.884-337-842- 

. 843-345-350 

4 4 4 4 4 4 Remy system .371-372 

41 principle of generator.842 

44 resistance of graphite piles.853 

44 reverse-series (Delco) .’....394 

44 third brush.845-389-405-885-393-390 

44 variable resistance.381-888-384-892 

Regulator, constant amperage .342 

44 mercury type .847-380 

44 of temperature for carburetor.155 

44 (Ward-Leonard).342 

Re-heating and pre-heating.719 to 721-726 

Relation between time of spark and combustion.... 307 

44 of armature and distributor sped, magneto..808 

41 44 carbon to lubricating oil.628 

4 4 4 4 crank-shaft to cam-shaft speed.308 

4 4 4 1 distributor to timer.135-181 

41 14 generator and motor.333 

4 4 4 4 piston and rings to smoke and excess oil..653 

44 14 speed to time of spark.808 

Relative position of piston of 12 cylinder engine... 136 

44 ■ 4 4 4 4 pistons to firing impulse 

\ (Cadillac) .181 

Relay (see also 44 cut-out 44 ) .409 

44 ignition system .874-375 

Relining brakes.688 to 690 

44 clutch. 660 

44 tires . 567-568 

Relief vsH-p of oil pump.859 

Re-magnetizing magneto magnets.801-303-304-800- 

819-864J 

Remedies for battery troubles .422 

Remeshing timing gears.87-111 to 113-816-729 

Removing a broken stud.709 

a nut.709 

a cam shaft.650-853 

battery .845-423 

bodies.743 

bushings.644-650-824 

carbon.625-735 

clincher tire .558 

clutch, Dodge.932 

Removing commutator.804 

crankshaft. Overland method.648-647 

Delco generator clutch .398 

differential.*.669-675 

44 on Maxwell.675-676 

door on electric lamps.435 

front wheel.680-681 

gears from magneto .802 

44 tool for.737 

grease spots .507-509 

inner tube .558-569 

magneto magnets .300-303 

piston pin .644 

pistons .646-659 

rear axles. 33-669 

44 wheels and axle, truck type.750 

44 wheels.669-679 

4 4 4 4 Buick.677 

4 4 4 4 Cadillac.677 

4 4 4 4 Studebaker.677 

timing gears .835 

timing gears, Chalmers . 318 

tires and rims .555 to 558 

transmission from car.737 

truck wheels .741 

universal joint .672 

▼alve caps .684 

Remy 44 dnuble-decker* f motor-generator. ...852 

44 Electric Co., address of. 878 

44 electric system on Reo .871-872 

44 electric system (motorcycles) .843 

44 ignition system .251 

4 4 4 4 4 4 (battery and coil) timing.818-252 

4 4 4 4 on Studebaker.866 

44 magneto (inductor type).264-288-924 

4 4 4 L interrupter .264-298 

44 4 4 setting of .313 

44 motorcycle electric system.843 

44 thermal principle of regulation.350 

4 4 4 4 two-spark* 4 magneto .277 

44 two unit electric system .350 

Renault system of cooling.186 

Reo clutch adjustments .667 

41 44 spring tool .744 
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Reo disconnecting battery .423 

44 electric system .371-372 

44 firing order .378-542 

44 engine bearings .643 

44 ignition timing . 873 

44 rear axle adjustment.679 

44 specifications of.546 

Repainting car .:.509 

44 cylinders .509-588 

44 engine and manifold .509 

44 radiator.194-684-509-786 

Repair business, starting into. 593 

Repairing and adjusting . 620 

4 4 a blow-out .675 

* 4 »*les. .669-672 to 679 

44 bent frames . 781 

44 brakes.684 to 690 

44 check sheet for.740 

44 clutches .660 to 668-932 

44 cone clutch.660 to 665 

44 cracked cylinder .193-580-718 

44 cracked water manifold.715 

44 inner tubes .566 to 674 

44 hole in top.847 

44 magneto.288-301-804 

44 motor clutch .690 

44 radiator.194-714-715-789 

44 silent chains .•..728 

44 storage batteries .456-463-471-472 

* 4 tires .565-671 

44 tops.847 

44 torque arm .690 

44 transmission.669 to 671 

Repairman, classified .594 

Repairman’8 check sheet .740-600 

Repairman’s supplies, for battery work.474 

Repairmen, pointer for. 593-594 

44 tools for .692 

Repair shop .597 

4 4 4 4 door (automatic) .730 

4 4 4 4 equipment.600 

4 4 4 4 fixtures for .599 

4 4 4 4 hints and devices.730 

4 4 4 4 how to construct.596 to 598 

4 4 4 4 how to lay out.596 to 598 

4 4 4 4 money making additions for.601-610 

4 4 4 4 overhead railway for . .. . *.740 

“ 44 pits.603-604 

4 4 4 4 stockroom .601 

4 4 4 4 time of year to open.597 

4 4 4 4 tools.614 

4 4 4 4 sheet records .600 

Replacing bearings in transmission.....669-670 

cylinders over pistons.659 

44 pistons in cylinders.659 

44 valve caps .634 

Reseating valves .6&1-632 

Resistance in ohms, when charging batteries. . .464 463 

44 units (Delco), size to use.397 

Retarding and advancing magneto.294 

4 4 4 4 4 4 of spark.227-68-246-819 

Resistance (ballast type) .347 

Resistance, explanation of.209-439 

44 for dimming lights .435 824 

44 in field circuit of generator. .. .334-838-842 

4 4 4 4 ignition units .246-260 

44 required for battery charging.461 

44 units.347-246-378 

44 unit (Delco) .246-378-383 

44 units for charging battery.463-464 

Retreading tires . 566 

Return wire .207 

Reversal of flow of current.844 

Reverse current cut-out diagram.370 

4 4 4 4 type cut-out .846-344 

Reversed battery charge.459 

Reverse gears, where located .13-48 

Reverse-series regulation, Delco.394 

Reversing battery terminals .'..421-417 

Reversing car .486-61 

Review of coil and ignition systems.255 

Revolving cylinder engine. zee Gnome 

Revolutions per mile or auto wheels.640 

Rheostat, water .468 

44 resistance wire .462 

Rhoades ignition timer .252 

Ribbon type radiator.860 

Rich and lean mixture .169 

Right of way, auto or wagon.684 

4 4 4 4 4 4 on streets ..502-501 

4 4 4 4 4 4 on cross streets ... .584 

4 4 4 4 4 4 pedestrians .601 

44 side of an automobile.184-582 

Rim. demounting and mounting of .656 

Rim measurements .554 

Rim-nut tire-tool .611 

Rims for tires.551-550-552-555 to 558 

Rims, users of "Firestone 44 make.555 

Rings, piston .75-654-655-651-649-791-792 

4 * cause of loss of compression.6** 

44 expanding pliers for.< 
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GENERAL INDEX. 


Rings for piston, fitting ends.657-649 

of piston, leaky .655-202-203 

Ring gap clearance .649 

Rivet counter-sink .616 

Road clearance of car. 17 

Roadster, definition of. 15 

Rocking advance magneto.288 

Rods, connecting .78-74-78-85-641-646-646 

Roller bearings (Timken and others).36-687 

“ " for engine .640 

“ chain.749-18 

44 type clutch .841-886-398-351-690 

** “ “ how to remove.898 

Rope driven for speedometer.512 

Ross steering device .692 

Rotary engine .186-188 

44 motion, meaning of. 65 

44 44 of valves . 87 

“ pump.187 

44 throttle valves .158 

44 valve engine .136-188 

Rotor of a distributor.245 

44 or revolving part of inductor type armature. .264 

R.p.m. (revolutions per minute).863 

Rubber for tire construction .565 

hose for radiator.608 

4 4 sheets for battery .439 

“ supplies for stock *room .601 

Rules for driving .504 

44 “ passing and turning .502 

44 “ slowing down, stopping, etc.504 

44 machinists .700 

44 milli-metre scale ..540 

44 of the road.501-502 

Running boards . 4 

“ brake.28-29 

“Ruhning in” a new car and engine.489-208-507 

*‘ ” engine, method of 798-203-507-489-735-643 

Rushmore starting motor .330 

” thermal principle of generator regulation.889 

Rusting up a small leak in cylinder.713 

Rutenber engine .see Insert 

Ryerson reinforced bearings .640 


s 

8. A. R. and U. S. S. tap and die sets.612-613 

** ** " threads.703-702-288 

" 44 ‘' wrench sets .611 

“ distinction of axles. 669 

“ gear shift (standard).490 

horse-power tables .534 

** meaning of .534 

” screw and bolt sizes.612 

44 spark plug tap.705 

44 ” ” threads and sizes .612-238 

* ‘ standard for oversize pistons.653 

S. A. E. standard pneumatic tires.654 

** tap and drill sizes.703 

” tires, standard sizes of.554 

Safety spark gap .273-299 

Safety spark gsp adjusting (magneto).291 

Sal-ammoniac, stopping leak in cylinder.713 

Salesmanship pointers .529 

Salesroom for public garage.597 

Sandpaper, how to use on commutator brushes.404 

Saw for metal, how to use.713 

“ stand.605 

Sawing metal .739-710-617-713 

Saxon and Studebaker generator and starter tests. . 406 

44 disconnecting battery .423 

4 4 firing order .364-542 

” rear axle adjustment.678 

“ re-designing old car. 762 

44 spark and throttle control.496 

44 specifications.546 

4 ‘ wiring diagram .364 

Scales or rules (machinist’s) .700-540 

Schebler carburetor.172 to 174 

‘ ‘ ‘‘ float level .168 

4 4 4 4 ‘‘model D” .148 

4 4 4 4 motorcycle.845 

44 kerosene carburetor .754 

44 plain tube carburetor.800 

Schrader tire valve .550 

Scored crank shaft.642 

44 cylinder.201-202-653-650-587 

S. C. or single contact lamp base.433 

Scraping bearings .642-643 

• 4 carbon.624 

Screw and bolt sizes, 3. A. E. and U. S. S.612 

Screw pitch gauge ..700 

plate and sets.704-612-613 

44 taps.704 

Screws, bolts and nuts.701 

Scriber. 700-707 

Scripps-Booth, disconnecting battery ..423 

4 4 4 4 specifications of.54^0 

Sea Island cotton, used in tires.566 

Sea level, meaning of .920 

Sealing compound for battery .439-473-474 

44 nut.439 

■^ars-Cfoss speedometer .518 


Seat of a valve. 630-94-92 

Secondary cable and wires .240-241 

“ cells.211 

” coil of high tension magneto.269 

** current, meaning of (see current) .. .219-220 

v 1 winding, testing of, on coil.. 245 

Second change of gears, speed ratio.13-583-51 

44 hand car, how to judge and value of.528 

44 or intermediate speed, how to shift 

gears.51-486-488 

Seconds, minutes, and degrees, meaning of.93-541 

Sectional tire repair .573 

Sedan, meaning of.15-627 

Sediment in a battery.457-469-456 

Segments on commutator.227 

Seised clutch .661-662 

44 piston and how to loosen.689 

Selecting a car .527-526 

Selective type transmission.46-49-50 

Selector.490-49 

Selling automobiles .529-580 

Semi or half elliptic springs.27 

Semi-fioating axles .88-632-669 

4 4 4 1 44 adjustment of .669-674 

44 splash lnbrieating system.197 

Separators for batteries and inserting of.445-466 

Series connection (see 4 ‘connections series”)207-2l4-466 

44 dynamo.885 

44 multiple connection.209-214 

44 parallel connection of battery.209-466-214 

’ 4 wound motor . 338-835 

Set screws.701 

Service ear, how to construct.759 

Setting and timing Atwater-Kent ignition.250 

44 breaker or interrupter gap on magneto. .264-298 

44 ignition (Bosch) .312-280 to 284 

4 4 4 4 (Cadillac).132-729 

4 4 4 4 (Delco).245-896 

44 magneto advance (see magneto).309-810 

44 magneto, armature of .267 

1 4 4 4 (Bosch dual) .312 

4 4 4 4 (Dixie) . 282 

4 4 4 4 (EUemann). 813-862 

“ 44 inductor type .813 

“ 44 (Remy).814 

4 4 4 4 (Splitdorf).813 

4 4 4 4 use of coupling .802 

44 spark, Chalmers .857-818 

4 4 4 4 plug points ...235-288-237-298-542-216 

44 time of spark .227-310-816 

4 4 ** 4 4 4 4 coil with vibrator.815-816 

“ 4 4 4 4 4 4 with magneto .811. 

44 valves, engines of leading cars.542 

Setting valves, illustrated .102 

4 4 4 4 of engine (single and multi-cylinder)..108 

Shaft drive, advantages of.21 

Shaft straightening or arbor press.618 

Sharpening drills .707 

Sheldon rear axle for trucks.750-751 

Shellac, use of and how to mix.716-738 

Shifting gears .61-486-488-490 

Shims for bearings .74-641 

“ laminated type .641 

Shipping a battery, how to crate.471 

44 an automobile .509 

8hock absorbers, air spring or plunger type.26 

4 4 4 4 Connecticut.782 

Shop equnipment end cost of.617-618 

4 4 hints and useful devices. 730 

44 lamp, how to make.785 

44 machinery, how to lay out.618 

44 tools, see “repair shop".615 

“ working bench, how made.617 

Short circuit, cause and meaning of.412-489 

“ 44 indications.413-416 

4 4 4 4 hdW to locate .406-416 

44 “ indications told by ammeter. .. .417-416 

“ 44 in secondary winding of coil.396 

4 4 4 4 of battery .056 

44 “ of starter motor .406 

“ 44 testa.408-413-416-418 

44 circuited generator coil tests.402-416 

“ circuiting coil vibrators.230-264-809 

44 stroke engines vs. long stroke.681 

Shunt field circuit .832-333-335-345-400 

4 4 4 4 coil test .403-416 

4 4 4 4 current (Delco) . 

44 for testing ... ■■-JJJ 

44 use of for testing . 

•• winding.332-383-335-345-400 

Shunts in use with ammeters.414 

Shutter for radiator. 

Shuttle type armatures.250-268-332-335 

Side by side connecting rod.74-1** 

Side float carburetor .JJr 

“ of street to stop on . 

44 ring rim for tires. 

44 valve engines vs. overhead. 

“ wVre*tir*' Uoiidj ■::: ::::::::::::::: ::: 

Sight hole on distributor. S1W 

































































































































































































GENERAL INDEX. 


8ignal ilanu ..515 

8ignals for stopping, etc.503-604 

Signs or symbols of inches, feet, minutes, seconds.541-03 

Sign or symbol of electrical terms.356 

8ilent chain® .87-21-411-728-729-869 

" chain adjustments .728-729-411-869 

44 4 4 adjustment (Cadillac) .729 

4 4 4 4 4 4 (Dodge).869-411 

4 4 4 4 chain for driving timing gears... .112-118 

44 44 drive for magneto .294 

4 4 4 4 looseness, how detected .729 

44 chains, master or hunting link.728 

Silvertown cord tire .659 

Simms-Huff electric syetem on Maxwell.366-866 

Simms magneto, principle of .812 

Simplex and Duplex governor.839-841 

44 engine valve timing.811 

Single and succession of spark, explained.226-260 

44 chain drive .18-47-19 

14 high tension magneto .276 

44 jet carburetor .148 

44 plate clutch (see clutch) 41 to 43-50-663-668-842 

*' pole switch .430 

44 spark ignition .248-250 

44 tube tires .549 

44 unit electric outfit. 840-348 

44 wire or grounded system (Delco).383 

41 44 system .425-426 

Six and eight cylinder engines vs. four.532 

44 cylinder engine firing order.124 

4 4 4 4 4 4 lap of power strokes.126 

4 4 4 4 4 4 magneto.806 

Sixteen-valve engine (Stuts and others). .109-104-587 

Sue and shapo of electric lamps.434 

44 air tanks to use .564 

44 lamps to use .432 

44 of carburetor, how to determine.158 

4 4 44 grease and oil cups.608 

4 4 4 4 spark plugs .238 

4 4 4 4 valves, inlet* and exhaust. 91 

4 4 4 4 Williams wrenches .611-638 

44 piston rings on leading cars.609-542 

44 pulley to use for driving air compressor..568-617 

44 solid tire to use.660 

44 tires used on leading cars.543 to 546 

44 wire to use (electric) .425-427-428 

Sixes and prices of lathes.617 

Skew gear, definition of . 21 

Skidding.495-688 

Sled, motor bob type .765 

Sleep after hard driving, how to promote.589 

Sleeve type valves.139-140 

44 valve engine and timing of.136-189-140 

Slide or caliper rule .700 

Sliding throttle valve .153 

Slipping clutch .661-663 

Slow race, tuning engine for .591 

Small tools for the repair shop.614-592 

Smith motor wheel .755 

Smoke, black, white and blue.202-652-169-580-588 

44 cause and meaning of color.652 

44 excess of, due to leaky rings.656 

44 from muffler .*...580 

44 tests.169-652-653 

44 why white .588 

Smoky exhaust.202-652-653 

“Sneezing or popping" of carburetor.... 170-169*578 

Snow, how to prevent on wind shield.508 

Soap for washing car .507 

Soapstone for inner tube .569 

Socket wrench .613 

4 4 4 4 extension, for rear axle. 730-824 

4 4 4 4 for Buick, Dodge and Overland.592 

44 wrenches for Ford .824-795 

Solder, soft and hard .711 

Soldering.711 

44 aluminum.695 

44 ‘copper" or "iron," how to use... .711-614 

44 radiator leaks.686-715 

Solid rear axle, advantages of. 19 

44 tires.549-560-561 

4 4 4 4 disadvantages of .527 

4 4 4 4 why not used on pleasure cars.588 

Solidity of a sphere .539 

Salon touring car, definition of. 15 

Solution (anti-freezing) .198-438 

44 for battery, how mixed.448 

Solutions for cleaning metal.401 

Sonoscope, locating knocks with.688 

Sooty spark plugs, cause of.288 

Sounding bar, testing for knocks .688 

Spacers for storage batteries .489-442 

Spare emergency rim .551-552 

Spark advance, why more on a six.687 

4 4 4 4 and retard .67-805-227-314 

4 4 4 4 range of .249-819 

44 automatic advance, reason of.807 

44 and speed relation .808 

4 4 4 4 throttle ball joints ......608 
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Spark and throttle lever movements different cars, 

496-487-497 to 500 

4 4 4 4 levers.485-496 

44 time of combustion .819 

control.227-249-246 

44 and overheating .819 

44 automatic.246-249-876-377-383 

44 " and hand .246-249-877 

4 4 magneto.. 805 

* 4 manual .877 

4 4 methods.305 

44 why both hand and automatic.. .246-249 

distance will jump.586-301-304-234 

gap device .739-304-234 

Sparking commutator and brushes.409 

44 occurs when switch is off.421 

Spark knock (see knocks).638-639 

" lever and carburetion . 67 

4 4 4 4 position (Delco) .377 

44 occurring in two cylinders at same time....284 

" plug construction .219-233-238-84-939 

4 4 4 4 and coil troubles .283 

4 4 4 4 air pump .562 

4 4 4 4 for aeronautic engine.298-939 

4 4 4 4 cables .299-297 

4 4 4 4 cleaning of .285-237-689-592-595 

4 4 4 4 connections on magneto .295-296 

4 4 4 4 defects .299 

4 4 4 4 dimensions.238-239-612 

4 4 4 4 for magneto .233-298 

4 4 4 4 for vibrator coil .233 

44 “ gap . .233-235-218-238-298-237-542-878-808 

4 4 4 4 gap, for magneto use.304-298-299 

gap, for starting engine with magneto 

ignition.800 

44 gap, too great .299-304 

44 gaskets.607-717-230 

41 indicates valve condition.586-630 

44 leaking around porcelain, test of 238 

44 lengths .287-288 

44 locations of .235-237 

4 4 long body, regular length, and extension..288 

44 metric size .238 

44 oil soaked, cause of .652-630 

44 one piece .238 

44 parts of .218 

44 points, distance to set.233-237-542 

4 4 4 4 different kinds .238 

44 porcelain .236-289-238 

44 8. A. E. size threads.612-238 

44 sizes need on different engines... .239-612 

44 standard sizes of .288 

“ taps.705 

“ tester.710-802-739-304-418 

“ testing of .233-236-237-304-234 

4 4 4 4 under pressure.302 

44 too long or too short.237 

44 troubles.288-237-299 

44 where placed on engine.219 

44 wrenches.611-612-238 

regulation .486 

relation to combustion .807 

retard and advance .87-305-227-314 

setting time of .227-315-311 

succession and single.250-225 

time of, relation to combustion.307 

44 to occur .307-808 319 

timing, Chalmers .857-318 

44 Cadillac.132-729 

44 Chevrolet.364 

44 coil with vibrator.*...815 316 

44 device .84-225 

44 Ford .816 

44 Hupmobile.360 

44 leading cars .542 

44 Overland.859 

4 4 Saxon.864 

why blue or white. 584 

Specifications of leading cars (1918).543 to 546 

4 4 4 4 leading cars (1919).864Q 

4 4 4 4 trucks.747 

Specific gravity, meaning of.449-489-447 

** 44 of alcohol, kerosene, gasoline, water..585 

4 4 4 4 of batteries for starting motor....461 

‘ 4 4 4 4 4 electrolyte, how to determine... 449 

4 4 4 4 scale (Baume) .452 

4 4 4 4 simplified, meaning .447 

4 4 4 4 testing.451 to 458 

Speed changes, method of. 51 

44 control of engine .87-158 

4< 44 with commutator or timer.227 

44 change gears.45 to 51-670-671 

44 indicator.700-795-921-536-512 

44 in miles per hour.54U 

44 motorcycle vs. anto .682 

44 of air compressor .668 

4 4 4 4 a speedometer .512-518 

4 4 4 4 electric vehicle .478 

4 4 4 4 engine, how to tell.823-700-536-921 

44 4 4 engine to cm*, relation of.587-638 


































































































































































892 GENERAL 

8peed of magneto cam .267-271 

“ “ inductor type armature of magneto.265 

" “ pulleys, how to figure.*..563 

“ relation, crank and cam shaft.308 

*' relation of armature and distributor. ..308-306- 

261-294 

" relations of magneto parts.306 

“ relation, wheel and engine.540 

Speeding up and remodeling old cars.760 to 762 

Speedmeter, Van Sicklen .824 

Speedometer, principles and drive methods.. 17-511 to 618 

“ gearing ratio.587-513 

“ make used on leading cars.543 

" pointers. .742-512 

“ speed of.512-513 

“ troubles.512 

Speeds of transmission .45-51 

Sp. gr. (see index, “specific gravity").449 

Splash oiling system .197 

Splined shaft .669-679-671 

Spicer universal joint.680-081 

Spilled electrolyte, making up for loss of.473 

Spindles. 31 

Spiral bevel-gears, definition of .21-35 

“ springs, how to wind.713 

Spirit level.700 

Splicing an inner tube.572 

Splitdorf-Apelco electric system, on Briscoe.363 

“ " “ “ on Mitchell-Lewis. .367 

“ Go., address of .373 

“ coil connections .228 

“ “Dixie" magneto (see also Insert) .. .290-293 

“ dual system .262 

“ low tension magneto, coil and battery 

system and wiring diagrams.262-926 

“ magneto and setting of.insert No. 3 and 

292-288-313-811 

8plit rim for tires .557 

Split type crank case . 62 

Sponges.602 

Sporting type cars.760 to 762 

Spot light.437 

Sprayer for cleaning engine .621-740-744-739 

“ ** painting radiator ..194-736-509 

Spray nozzle .142-147-739 

Spreaders for tire valve.571-555-550 

Spring and ball, oil regulation .200-694 

blocks and clips, purpose of.11-26-27 

“ cover and lubricator.559 

“ compressors.663-647-664-742-744-819-932 

* ‘ how made by winding on bolt.603 

" lubrication.622-559 

" of valve, method of tying.632 

“ temporary repair of .734 

“ under valve when grinding'.631 

Springs, cantilever . 27 

" for trucks .749 

“ " valve.635-92-742 

“ “ valves, proper tension .635-742 

“ “ “ of carburetor .146 

“ full elliptic and half elliptic. 27 

“ lubrication of .27-622-749 

“ spiral, how to make .713 

Sprocket chains .21-18749 

“ chain tightener (Overland) .648 

“ wheel puller .647 

Sprockets, purpose of. 16 

Spur gears, where mostly used. 21 

Square, stroke and bore.63 

Squeaks and noises .581 

"Staggered" cylinders, meaning of.127 

Standard adjustments of leading cars.542 

“ adjustment of Packard .850 

“ (S. A. E.) tire sizes.554 

(S. A. E.) threads .612 236-701-702 

" speedometer .513 

“ tread, dimensions of . 17 

Stand for axle work.709-730-605-797-824 

“ " engine or crank shaft work.605 

Stanley steam car.763-764 

Stanweld rims .557 

Starter-generator wiring simplified.370 

Starters for engines.321 

Starting a car .486 

“ an engine in cold weather.153-155-161- 

170-489-798 

" batteries.441 

“ engine .65-153-300-487-492-153 

•• “ choking air supply .159 

“ “ on the switch.489-282-321 

“ “ if starting crank is lost.591 

“ “ in cold weather. .. 193-170-153-586-804 

“ “ on ignition .282-321-489 

• * “ using magneto ignition.300 

“ in auto business .533 

“ into the automobile garage business.597 

“ *• “ repair business .593 

“ motor (electric) .328 

»* motor and generator, how combined... 347-352- 

354-379 

“ • ‘ “ generator, fly wheel drive.338 


INDEX. 

Starting motor clutch repair .690 

“ “ Bendix drive .326-331-342 

" “ Bijur double gear.328-857 

“ " cranks engine slowly.408-401 

“ " current required .410-416 

*' different driving principles.824-826 

“ “ does not work.408 

“ " electric. ...824-825 

" “ fails to start .407-401-331-416 

“ " Ford.t.. 864A 

" gear reduction .328-324 

st " gears fail to mesh.407 

“ “ generator and ignition, how combined.348 

“ “ lubrication.331-407 

“ " tests.416-407-410-424 

“ " troubles.331-40 7-408-4 1 6-410-424 

" “ weak.406 

" " wire.426-428 

“ on ignition .262 

" operation, Delco. ..379-384 to 385-395-396-406 

“ switch, care of.407 

" switches.32 7-329-427-408 

Starrett gas heater and tools. .. .696-698-699-700-613 

Starvation of battery, meaning of.439 

Static electricity .297-162 

Stationary engine ignition .215 

" engines .757 

Stay or security bolts.549 

Steam car, Doble and Stanley.765-757-763 

“ emits from radiator, cause.860-579 

“ for carburetion .785 

" engines.757-763 to 765-52-53 * 

" vulcanizer .574-610 

Stearns-Knight engine, valve and ignition timing.. .186 

“ " re-designing old car .762 * 

“ “ specifications of.546 

Steel and iron, different compositions of.721 

" cleaning of .461 

" heat treating and case hardening.696 

Steering a car.498 

" assembly, purpose of .3-11-24 

" column connections .497 

" device adjustments .691 to 693-690 

" " bevel type .692 

“ gear, irreversible .25 

" gear mnf'g's addresses .691 

" knuckle arms . 2 

“ knuckles, how moved and purpose of-11-25 

" mechanism, details of .24-692 

“ “ old style .25 

“ post puller.736 

“ wheels, bow constructed.11-692 

“ wheel, how to hold when driving.493 

Step cut, piston rings .609 

* ‘ lamp.433 

Stewart (Ford) starter .822 

" vacuum system .163-165 

“ horn adjustments .515 

Stewart-Warner speedometer .513 

Sticking vibrator points .235-808 

Still for water .709 

Stillsou wrench ..- .. .614 

Stock bins.606 

" ** for a die .704 

“ room, how to construct and supplies.... 601-607 

Stone bruised tire and repair.566-575-573 

Stopping a car .495-489 

“ " magneto.275-276-259 299 

" “ leak, with sal-ammoniac ..713 

" engine.489 

Storage battery (see also index, battery) .... 441-8640 

“ “ a chemical generator.210-211 

*' “ and electric starter.327 

“ “ Cadmium test .864D 

“ “ dictionary of terms.439 

“ ‘ ‘ floating on the line.334-337 

“ for electric vehicle.476-441 

“ “ for ignition .210 

“ “ for ignition, advantagee and 

disadvantages.*85 

“ “ grounded terminal of.421-827 

“ “ how charged by generator.227 

“ “ poles, how to determine.212-452 

“ " repairs, see battery repairs.456 

“ “ terms.429 

“ “ troubles.421-416 

“ “ voltage.327-416-410-452 

" in garage, prices of .899 

“ system for oil .726 

Stove bolts .701 

Straightening a bent frame.731 

axle .737-709 

“ bent crank shafts.046 

“ “ valve stem .725 

“ various parts of car.745-721 

“ warped pieces .096 

Straight side rim .002 

Straining gasoline . IW *15 

“ '* and static electricity.162*085 

Stream line, meaning of .760 
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Street and traffic rules .601 

41 cars, passing of .602 

Stripped nut, method of rethreading.709 

Stroke and bore, meaning of . 81 

Strokes of piston .57-116 

Stromberg carburetor .176-178-184-927 

44 float level .167 

Strut rods, meaning of . 21 

Stuck in mud. how released.... .617 

Studebaker and Saxon generator and starter tests.406 

88 brake adjustment .679 

“ carburetor used on .172-864H 

' chassis.204 

clutch adjustments .665 

4 5 disconnecting battery .423 

44 electric system.244-368-864H-368 

• 44 engine . 71 

* 4 gear shift .499 

** lubrication chart .204 

“ pinion (axle) adjustment of.679 

44 rear wheel bearing adjustment.679 

44 spark and throttle control.496-499 

44 *' timing.368 

44 specifications.546 

44 steering device .693 

44 torque arm repair.690 

44 transmission, adjustment of.670 

44 wiring diagram .868 

Stud broken, how to remove and oversize.709 

Studs, taper pins and set screws.701 

Stuts carbnretion heating method . 1S7 ^ 

44 engine, valve timing and racing engine.. 108-109 

44 specifications of .546 

8ub-frame, purpose of. 11 

Submerged motor-generator, method of drying out.. 409 

Succession of sparks and single, explained..225-248-250 

Suction stroke .59-116 

8ulphated battery plates .489-456-457 

44 plate charging of battery, to remedy... .461 

Sulphuric acid for battery .448-449 

Superheated steam . 786 

Supplies for cleaning car.507 

4 4 4 4 the stock room .607 

44 how to sell .595 

44 needed for battery work.474 

Surface of a ball, to find dimension of.589 

44 type carburetor .142 

Suspension of power plant . 11 

Switch .218-211-275 

44 Buick .878 

44 connections for lighting.427-426-428-848 

44 (Delco).875 

44 depolarizer type .246-248 

44 for magneto and how cut off.275-276 

Switches for starting motor.829-427-408 

44 single and double pole.480 

44 testing of .253 

44 touring.427 

8-wreneh .611 

Symbols, electric .866 

44 of inches, feet, minutes, and seconds... .541 
Synchronising points on magneto, cam, distributor.801 

Synchronous system of ignition .282 

Sylphon for water thermostat.860 

8yphon principle .740 

44 tank radiator .190 

Syringe (hydrometer) .450 

Systematic trouble • hunting .577 

T 

Table for cleaning parts .608-741 

44 of charging rates for battery.467 

44 4 4 centigrade to Fahrenheit.540 

44 44 conversion, degrees and inches.115-814 

44 4 4 conversion, hundredths to sixty-fourths in.115 

4 4 4 4 degrees.93 

4 4 4 4 decimal equivalents .541 

4 4 4 4 drill sizes, drills and taps.706-703 

4 4 4 4 horse-power.584 

4 4 4 4 millimetres .554-540 

Tables, miscellaneous.589 to 541 

44 spark plug sixes .289 

44 William’s wrenches .288-611 

Tachometer.921 

Tail lamp .488-17 

Tail light law of Ill.857 

Taking up bearings on engine.72-640-648-641-888 

Tank, compressed air .564 

44 for cleaning motor parts.401 

44 gasoline.164-602 

44 gauge, gasoline .514-823 

Tap and drill sizes for S. A. E.703 

Taps.427 

Taper arbor .706 

44 pins .701 

4 4 reamer. 706 

44 shank drills.706 

Taper tap.704 

Tappet or plunger of valve. 92 


Page 

Taps and dies .704-612-613-795-796 

44 for spark plugs . 70S 

44 how to use .70S 

44 taper, following, and bottoming.704-705 

Taximeter, how to read.537 

Telephone generator .686 

Temperature correction of battery.449 

44 of battery .448 

4 4 4 4 4 4 at end of charge.461 

4 4 4 4 welding heat .719 

44 regulator for carburetor .155-159 

Temper colors of steel.697 

Temperature of engine cylinders. .. .*..200-189 

Temperature of water control.187 

Tempering drills and small tools.697 

Tension of valve springs, how corrected.685-742 

Tents for touring.516-517-748 

Terminals, copper.609 

of battery, color of.421 

4 4 4 4 how to connect.445 

4 4 4 4 reversed.421-417 

44 magneto.297 

44 storage battery, grounding of... .827-421 

Testing accuracy of ammeter.398-410-406 

armatures.402-403-406-410-411- 

412-416-424-418 

44 magneto.301 to 304 

Atwater-Kent system .249 

battery .416-410-450-864E 

battery (for troubles) with hydrometer 457-450- 

452-864E 

battery with voltmeter. .410-416-453-864D-460 

bearings after taking up.641 

board, electric .418-424 

carburetor for dripping.585-167-737 

carburetor mixture .169 

charge of bat. with volt-meter 460-453-461-864D 

coils .234-235-236-249-253-416-418-245- 

302-398-402-710-252 

compression .629-627-628-739 

commutator.406*404-402 

condenser.808-245-398 

Connecticut ignition system .254 

connecting rod alignment.646-649 

crank shaft alignment .646 

current flow of a circuit.415-416 

cut-out and indicator with ammeter.410 

cylinders for leaks.656 

distance of coil spark.233-234-301-586 

dry cells .241 

electric horn .514-418 

44 troubles.416-410 

engine bearings .641-507-838 

field coils .403-416-406 

finish of a ground valve (with pencil marks>632 

float valve of carburetor.737-167-163 

for broken wire .241 

44 grounded generator and motor coils 402-416 

44 grounds.416-402-403-399-418-406 

44 intake valve leak.629 

44 knocks.639-790 

44 leaks of radiators .191-715 

4 * loose bearing . 646-641 

4 4 loose connecting rod and piston 645-649-638 

44 missing explosion.233-236-237-241-249 

298-800-808 

44 noisy rear axle.739-932 

44 noisy valve .685-684 

44 open circuits .416-418-402-399-403 

44 piston ring leaks .629-656 

44 rough commutator .406-404 

44 short circuits .403-418-416-418 

fuse.428-418 

gasoline.161 

generator.416-402-403-410-418-424-406 

44 voltage.414-410-416 

horse-power .536-537 

ignition advance .317 

ignition coil .(see testing coil) 

troubles.233-302-739-301 

inner tube for leak.568-567 

light circuits .403-399-418-413-406 

magneto.802-304 

44 magnets.301-303-584-806-864J 

44 winding.301-302-308-804 

mixture (carburetor) .169 

motor for internal troubles 416-402-424-410-406 

oils.201 

outfit (volts and amps.) for garage 414-864E-I-J 
outfit, electric . . .424-418-410-414-864D-H-I-J 
output, (Delco) A other generators 397-416-410 

piston rings and cylinders for leaks.656 

platinum points, acid test.234-304 

radiators.714-715 

spark.234-418-304-302-710 

spark plug cables (magneto) .299 

spark plugs ..234-236-237-233-302-710-418-304 
speedometers.512 










































































































































































894 GENERAL 

Testing stand, for engine .744 

“ storage battery .416-410-450*457 

“ starting motor, current consumption.. .416-410 

“ “ 44 for troubles.404-407-424 

” switch (ignition; .253 

“ transmission shaft alignment.732 

“ valve cap leak .62V 

*' 44 and piston clearance.94-634-649 

“ “ springs, tension of.635-742 

“ valves with Prussian blue.680 

“ *' if need grinding .680 

“ vibrator points .234-236 

“ wheels.682-688 

“ winding of magneto .301-304 

“ (secondary) of coil 234-304-302-245-402 

“ wire lead from generator for polarity 421 

“ wires for polarity .452-421 

“ with meter for short circuits. .402-416-417-406 

“ 4 ’ volt-ammeter.398-399-402-414-419- 

416-410-406 

“ wrist pin for knocks.636 

Test lamp .744-418-403-399-402-8641 

“ “ for ignition setting (primary terminal)..729 

“ *' outfit for short circuits, etc.418-403 

“ ‘' testing coils .402-304 

“ points. 399-402-403-418 

Tests for “motoring’ ’ generator (Delco).400 

“ " smoke.169 

44 “ short circuits ....416-402-403-418-413-406 

“ of Delco cranking operation.400 

“ “ generator troubles .416-402-403-410 

T-head cylinders .81 

T-head cylinder vs. L-hoad and I-head.532 

Theft insurance.521 

Thermal efficiency .535-587 

“ principle of generator regulation. .339-834-845' 

850-887 

Thermometer for battery .449-450-461 

Thermostat.246-249-254-371 

“ Cadillac cooling system.180-780 

* 1 Packard cooling system .860 

“ electric ignition .246 

“ electric generator.850 

“ for water .130-187-191-860-824 

“ Remy electric generator.850 

Thermostatic control of output of generator.371 

Thermo-syphon cooling system .185-186-188 

Thickness gauge .697-699-649 

** “ substitute for .94 

Third brush on North-East (Dodge).370-733-924 

“ “ regulation.389-925-405-370-886- 

388-393-396-345-733 

“ change of gears, speed ratio.13-51-486-486 

Thousandths of an inch, explanation of.... 541-697-699 

Threads .702 

“ for pipe .708-702 

“ how cut .704 

“ how to tell pitch of .702 

“ on S. A. E. spark plugs.612-238 

“ S. A. E. standard.701-702 

“ U. S. standard .701-702 

Three bearing crank shafts vs. five.581 

“ cylinder engine, firing order.117 

“ point suspension .12-72-533 

“ quarter floating axle .33-669-672-675-532 

“ unit electric outfit .340-843 

“ wire system .425-426 

Throttle and spark lever movements, different 

cars.496-487-498-497-499-500 

“ “ spark levers .485 

“ of carburetor .148-153-154 

“ valve, butterfly type.*.146-152-158 

“ valves, rotary .153 

Throttling governor .757 

“Throws” of crank shaft .77-122 

“ “ eight cylinder engine crank.127 

“ “of six cylinder engine crank.123 

“ “ twelve cylinder engine crank.135 

Thrust bearings .36 

Thumb screws and wing nuts.609 

Tickler on a carburetor .145 

Tie bolts for battery .439 

“ rod or drag-link . 25 

Tightening bearings (see bearings).641 to 645-838 

44 belt of fan .187 

* 4 bolts and nuts, importanre of.507-593 

4 generator chain and silent chains. .411-729 

“ nuts on cylinder heads.717 

“ parts of a car, price to charge.595 

Tillotson carburetor .183 

Time for spark to occur.68-307-308-319-314 

“ per hour expressed in M. P. H.540 

Timer.225 

44 adjustments .247 to 254 

“ and distributor .242-245-246-230 

“ automatic advance .249 

“ and generator, how combined and driven..246-245 

contacts.245-247-252-254-234-304 

“ (Delco) .244-245-378-390 

44 distributor (magneto) .274-276 


INDEX. 

Timer notehas and cylinders .247 

setting of .250-245-890 

where spark control lever is not used.249 

Tuning and setting Atwater-Kent ignition. .250-810-816 

light and 12 cyl. magnetos.292 

gears.. .87-111-65-635 

* * Chevrolet. 686 

“ how lubricated .196 

“ meshing of. Buick .109 

“ “ gears .111-816 

“ “ “on T-head engine.106 

“ noise in .568 

“ relation to valve timing.112 

“ removing of, Chalmers.316 

“L” and “T” head engines.105 

magneto, (Bosch dual).812 

“ (Dixie) .292 

“ (Eisemann) .2K5 

“ (inductor type) .264 

“ (Remy) .818 

marks on fly wheel ..104-110-106 

spark on Saxon .864 

the Delco timer.245-890 

the ignition .305 to 820 

“ “ (Buick) .246 

“ “ (Cadillac) .182 

“ “ (Chalmers) .357-316 

“ “ (Dodge) .869 

“ “ (Delco) .890 

“ “ (Hupmobile) .,860 

“ “ ’ (King).360 

Timing the ignition, (Maxwell).867 

(Mitchell) .253 

“ “ (Overland) .359 

“ “ (Reo) .878 

“ “ (Studebaker).866 

" “ magnetos.310-311-313 

“ “ sleeve valve engines.136 

“ valves and ignition of Chalmers.. .818-124 

“ “ by piston.886-108 

“ “ by fly wheel marks.836-104 

“ “ engines of leading cars.642 

“ “ illustrated .102 

“ “ of racing engines.108 

where spark controller is used.250 

Timken brakes .684-686-667 

rear axles and differential adj’m’t..678-674-678 

roller bearings.687 

Tinning a soldering “copper” .711 

Tire air pressure.558-664 

air pumps .562-568 

attaching and detaching.553-556 to 558 

beads, types of.552-668 

blow-out, repairing of.573-575-567 

blow-outs.567 

care of .665 

carriers .608 

chains.550 551 559-560 

clincher type .552-553-56* 

construction .565-564-559 

cord type .559 

cushion type .560 

demountable with rim. 555 

dual type .560 

emergency.552 

equipment, modern .551 

equalizing traction .565 

fabric type .566-565 

fabric, cutting of .603-573-610 

first pneumatic rubber .581-562 

fitting clincher bead to a Q.D. rim.553-586 

for electric vehicle .689 

for airplanes, sizes.559 

for heavy duty .560-561 

gauges .568 

how to find wheel load and carrying capacity.554 
how to save .506-567 

f proper inflation pressures.553-564 

eather tread .551-569 

lubrication.669 

lugs.549-560 

manufacturers, addresses of .671 

metric sises .664 

non-skid .650 

old and new types.560 

oversize.553-664 

paddle wheel type.661 

painting of .509-571 

price for old rubber .666 

pneumatic .549-665 

punctures and how to repair.587-569 to 674 

puncture proof.669 

pressure for hot weather .552 

pumps.553-562 to 504 

removing from rim.555 to 55* 

repair accessories, tools, etc.610-568 

repairing & prices usually charged 565-571-574-610 

retreading...566 to 575 

revolutions, per mils .6<*u 

rims.551 to 658 

S. A. E. standard sizes.654 






















































































































































































GENERAL INDEX. 


895 


Tire shoes, outer and inner.567-568 

'* aide wire .660 

** site need on leading care.543 to 546 

“ solid.660*640-561-527 

44 sticks to rim .500 

“ tool for demountable tire.611 

•• treads.,.551 

•• treads, when worn .666 

* * troubles, stone bruises, loose tread, etc.. . 566-567 

•‘ transposing of .554 

** truck, heavy .,561 

“ use repaired one on front wheels.554 

*' valve.540-550 

“ 44 spreaders.571-555-650 

‘ ‘ vulcanizing pointers .571 to 575-610 

“ wood plug type .561 

••Toe-in" of wheels .683 

Toggle type brakes .687 

Tool box .606 

*• for demountable tire . 611-568 

•• for removing bushings.644-650-824 

*• for removing gears.802 

hardening .723 

*• kits.592 

Tools for battery work .474 

*• 44 blackemithing .615 

• 4 grinding valves and valve work. .632-501-616 

•• 44 Ford.706 

** '* lapping pistons and rings. .650-640-657-656 

•* " scraping bearinga .642 

•‘ 44 straightening fenders, mud guards, etc.745-731 

“ "the lathe.615-711 

*• 4 4 4 4 repairman.502-611 

•• 4 4 4 4 repair shop.614 to 618 

4 4 4 4 tires.610-568-611 

•* how to keep assorted .594 

*• for top repairing.847 

Too much oft .202-653 

Tonneau wind shield .514 

Top curtain glass .*49 

Top. how to clean .508 

Top leak, how to repair .847 

Top repairing .847 

Top repair support .735 

Torch, blow pipe .735-615-711-606-712 

•* gasoline.735-711-712 

*• gas.696-4~2-720 

Torsion or torque rods.20-22-13 

Torque arm repair.690 

•* or pull of'a motor, testing of.411 

Touring accessories . 4 .517 

44 books (Blue Books) .520 

• 4 camping outfit* .516-743 

• 4 equipment (manufacturers of).518 to 520 

•‘ food list .520 

• 4 how to build fires properly.519-516 

44 inspection before starting .510 

* 4 kitchen equipment .517 

** personal equipment .518 

44 switch.427 

44 trans-continental .515 

44 trailer.516-747-822 

44 what to cook and how .518 

Towing a car .784-782-618 

44 truck .732 

Townsend grease gun .502-622 

Tnsctors.752-753-820 

Tractor carburetion .881-827-754 

engines.881-832-838 

engine ignition .882 

Ford . . . . ;.826 

steering.831 

transmission.830 

Traffic rules .501 

Trailers.747-746 822-516 

Trammel or indicator for valve timing.114-102 

Trans continental tour .515 

Transferring oil from barrel.730-603 

Transformer, relation to coil (see dictionary)274-220-378 

Transmissions.46-48-50-669 

Transmission, adjustment of, Bnick and Dodge.670 

4 4 4 4 4 4 Chevrolet.671 

4 4 4 4 4 4 Port.44 

4 4 4 4 4 4 Maxwell.670 

4 4 4 4 4 4 Mitchell.271 

4 4 4 4 4 4 Overland. Studebaker 670 

44 air gap principle .481-480 

44 bearings, replacing of.670 

44 cause of clashing gears.669 

44 cause of difficult gear shifting.669 

44 changing gears .51-488-490 

44 dripping oil .669 

44 drive for generator.34 1 

44 end play.669 

44 four speed . 47 

44 gear ratio (see ratio of gearing).069 

44 how to remove from car.787-671 

44 lubrication.208-204-660 

44 motorcycle.845 

44 noisy.660-580 


Transmission of electricity.206 

44 on rear axle .47-670-204-670 

44 operation of .48-50-486-488 

44 over-hauling of.660-671 

44 Owen-magnetic.480-481 

44 pointers.660-671 

44 replacing bearings in ..660-670 

44 shaft aligning of .732 

44 tractor.830 

4 4 used on leading cars.548 to 546 

Transposing tires (see tires, transposing of).554 

Tread of auto, meaning of. 17 

4 4 4 4 tires, meaning of.549 

Treads of tires when worn.568 

44 of tires, types of.551 

Tremblers, proper name for.220 

Trouble, systematic hunting of.677 

Troublea, Bosch electric systems.861-299 

brushes and commutator .404-409-241 

Delco system .390-401-402-404 to 406 

digest of .576-142-170.577 

electric, how to diagnose.416-410 

finding by process of elimination.577 

how to diagnose .576-577 

of armature .411-416-402 

*• battery . . . .458-457-422-421-423-864D-416 

tested with hydrometer.467 

44 carburetor . . 172 to 184-166-678 to 581-800 

** circuit breaker (Delco) ..377 

" clutch.660 to 665-668 

44 commutator.241-325-409 

44 cooling systems .189-101 

44 cut-out.409-410 

44 electric systems .407-416-410 

44 electric systems (Overland).869 

44 electric system (Remy) .350 

44 gasoline line . ..161*162 

44 generator.409-411-416 

“ “ and tests .416-402-403-410 

44 ignition.233 to 237-241-300 

44 lamps.410-433 

44 lighting system .419 

44 lubrication.201 

4 ‘ magneto ignition .299-300-301-304 

44 oil circulation and oil gauge .200 

44 piston rings.666 

44 spark plugs and coils.233*287 

44 speedometer.512 

44 starting and lighting battery 422-416-864D 

41 starting motor .407-331-416 

44 storage battery.. .421-456 to 458-416-864D 

44 the ammeter .419-410-416 

44 tires.566 

44 transmission.660-671 

44 valves.630 

“ wire connections ft wiring system 241-427 

told by ammeter .417-410-416 

worn or scored cylinders.653 

Truck (sriny) gear shift.490 

chain driven and worm driven.14-746 

chains. .740-18 

couple-gear electric gqs .484 

drive used on modern type.749 

(Dodge) .825 

engine.833 to 838 

(Ford) .825 

? ;overnors.840 to 842 

or oils .739 

for towing .732 

operation of .740 

rear axle .750-751 

tires.660-561-740 

types of .746-747 

wheel, how to remove.741 

Truing up wheels .682 

Trunk piston . 75 

T-sectlon Iron or steel.710 

Tub for cleaning parts, construction of.741 

Tubing, bending of .713 

44 flanging of .713 

44 for tire pump, size of.601 

44 how to saw .710 

Tubular radiators .187 

Tulip shape valve . 92-128 

Tungsten contact points.234-304 

44 lamps, and candle power of.467-432 

44 valves, hard to grind.680-632 

Tuning a car for a slow race.501 

44 an engine for speed.760-817 

44 engine, price charged .595 

Turn buckle.28-665 

Turning down commutator on lathe.404 

Twelve and 4 'twin-six' 4 cylinder, meaning of..53-79-134 

44 cylinder engine.542-851 

44 cylinder engine, lap of power stroke.126 

4 4 4 4 4 4 firing order .135 

“ “ 44 magneto.293-922-918 

Twenty-four volt battery, supplying 12 volt lights..466 
“Twin City 44 tractor.830-832 
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Page 

Twin cylinder engine (motorcycle) (insert 3>..755*846 

“ six cylinder and twelve, meaning of.. ..58-79-184 

“Twin-two” engine .587 

Twist drills .706 

Twitchell air gauge .568 

Two cycle engines.756-757 

“ cylinder engine, wiring of.231 

point ignition .277-284 

“ port, two cycle engines .756 

“ sets of batteries used with coils.226 

“ spark ignition.277-283 

“ speed rear axle .483 

“ unit electric outfit .340-843 

“ wire system .425-426 

Type numbers on batteries, meaning of .443 

Types of bodies . 16 

“ “ brakes .29-684 to 687 

“ “ clutches . 39 

“ “ engines (see also inserts).63-70-71 

“ “ gear shift control.46-49-490 

u 

Under charging of battery, result.422 

Undercutting mica .404 

Under slung; meaning of. 11 

Unisparker.247 

Unit power plant .85-71-70-44-121 

“ resistance for charging battery.463-464 

Universal joint adjustments.680-681 

“ “ purpose of . 43 

“ “ removal (Chevrolet) .672 

Up keep of a car.527 

Upholstering, how to clean.509 

Usoful hints and suggestions .589 

“ shop hints .730 

Use of engine for brakeB.494-583 

" of graphite .205 

“ of watch for a compass . 516 

Using engine as brake .492 

U. 8. L. battery .444 

“ motor generator, principle of.847 

U. S. S. and S. A. E. taps and die sets.612-613 

44 “ “ wrench set .611 

. threads'.701-702 

“ bolt sizes .612 

“ nuts and bolt sizes.611 

, “ screw thread table.703 

1 “ tap and drill sizes .703 

v 

Vacuum brake.479 

and gas filled lamps.482 

system, fuel feed.163-165 

tank, adjusting of.165 

type electric cut-out .843 

Valve adjusters (engine) .608-634-791 

“ for Ford valves.634-791 

adjusting, Chevrolet overhead type.686 

adjustments (clearance) .94-635 

air gap .94-95 

and ignition timing of Chalmers .318 

automatically operated.88-91-90 

bushing of guide.684-791 

cage type .90-94-631 to 683 

“ grinding of Buick.742-633 

cap leak.629 

“ wrench .738 

caps.87-634 

chamber . 83 

(check) for two-cycle engine. 756 

clearance.94-95-636-110-791 

“ of leading cars.542 

“ overhead.94-109-636 

condition indicated by spark plugs.630 

cover, removal of .631 

“dual”.927-109 

enclosed.92-121 

finish, test of .682 

fitting, new and oversize.630 

for inner tube.558-549-550 

gasoline needle .143 

guides .92-63-634 

“ fitting of .630 

“ loss of oil when worn.737 

“ reaming of.634 

“ replacing of .634-630 

grinding .92-91-680-686 

“ and reseating.632-94 

“ compound.631 

“ ill effects of .712 

“ overhead type.631-636*91 

“ pressure required .681 

“ tools.632-633-615-616-592 

“ valves in head.90-94-137-686 

hard to grind (Tungsten) .630-682 

how to test when noisy.634-685 

how ground with drill.735 

inlet and exhaust, relative size. 91 

intermittent and rotary motion. 87 

in the head engines.91-137-686 

lag and valve lead ..101 


Page 

Valve lap, meaning of .101 

leak and loss of compression.629-680 

lift.95-110-927 

lifter.92-95-110 

lifter guides.92-649 

lifter mushroom and roller type.94 

lifter or tappet or plunger.682 

location .91 

mechanically operated .91 

mixing (carburetion) .141-766 

noisy. 96-684 

of engine .89 

on the side .90 

operation, Cadillac .128 

opening and closing period.100-96-97 

opens early, back-firing result.98 

oversize.609-680 

overhead type .85-88-90-91-94-686-137 

parts.92 

pitted .680 

plunger .92-68 

“ guide.92-680-634 

pocketed.712-681 

poppet type .91-587 

port, meaning of .83-756 

principle, Dusenberg .88 

refacer.682 

relation to cam shaft and cams.120 

reseating of .;;631-682 

rotary type .188 

sixteen to a four cylinder engine.109-791 

size of.91 

sleeve type . .>.186-140 

seat.92-680 

” when perfect. 632 

setting (see also valve timing).103 

“ Buick .109 

Valve setting, Weid ley .engine .137 

sleeve for tire.565 

“ type engine.189 to 140 

spring compressor .616 

“ how to tie when grinding valves.... 682 

“ lifter.592-631-683-735-680 

springs.92-685 

“ testing tension of .635-742 

“ weak or too stiff.635-927 

stem of engine.92-680 

“ “ tire.550 

“ lock nut (tire) .550 

4 ' oversize.609-680 

4 4 reaming . .680-684 

44 repair, (inner tube) .572 

44 seat repair (tire) .672 

tappet.92 

“ guide puller.649 

44 lever (Buick) .742 

4 4 wrench.788 

testing of engine when noisy.635-634 

(throttle) .143-153-164 

time usually open.99 

timing.95-542-886 

4 4 average.114 

44 and timing gears relation of.112 

“ (Buick) .109 

44 (Cadillac) .108-729 

44 (Chalmers) .318-124 

44 checking of .110 

44 (Chevrolet) .686 

44 (Dodge).114 

44 Dusenberg racing ehgine.108 

44 examples.108-109 

44 high speed engines .98-108 

44 (Hudson) .’..108 

44 (Hupmobile) .688 

4 4 illustrated.102 

44 indicator illustrated .102 

44 indicator or trammel .114 

“ (Locomobile) .108 

“ marks, on fly-wheel.. 104-107-102-109-836 

44 (Marmon) . 84-114 

44 (Maxwell) racer .108 

44 (Mitchell) .100 

44 (Packard) .542 

44 piston position.886-108 

“ position.108 

14 (Simplex) .811 

44 six cylinder engine.118 

44 sleeve valve engine .186 

44 (Stutz) .108 

44 Waukesha engine .836 

44 what governs same .98 

to tell when needs grinding.880 

troubles.080 

tulip shape .128-92 

what made of .91 

when ground, to tell .081 

Vanadium steel.721 

Van Sicklen speedmeter .512-824 

Vaporising gasoline .155*151 
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Variable resistance, Delco .392 

44 44 regulation.881-383-384 

44 spark.311 

Varnish, ruined in a barn .590 

Vaedsr hydraulic principle speedometer.518 

Velie specifications .546 

Vent hele m gasoline tank, purpose of.162 

44 “ in battery cover.446 

Ventilator for window .737 

Venturi, explanation of .152 

*‘ tube.147 

Verifying the ignition timing.817 

Vernier caliper and yernier scales.697 to 699 

Vibrating type electric horn.514*515 

Vibration dampener (for silent chain).728 

'* of engine, cause of.584 

“ dampener (Packard) .850 

Vibrator, (electric), for spark.220-223*225 

’* ’ (magnetic), for spark .220-225 

“ (mechanical), for spark.220-228 

*‘ points, fitting & dressing.. 234-235-229-808-809 
44 poiuts sticking and testing of..235*808-236 
4 * short circuiting when using master vibrator.264 
“ adjusting of and kind to purchase. .234-808 

Vise clamps .710 

* “ combinatibn type and machinists type. . .613-615 

Volatility of gasoline .158 

Voltage and amperage, explanation of.207-441 

44 “ “ as applied to generators. ... 337 

44 at end of a charge.461-416-410-864D 

“ of battery .327-447-453-416-410-864D 

" ’* a coil . a .219 

“ “ battery, electric vehicle.477-478 

" “ Delco Hlein .389 

“ 44 generator.467-337-410 

** " lamps.432-434-543 to 546 

“ “ storage bat'y. per cell 440-441-410-416-864D 

“ regulation.345-349-925 

•* regulator (Delco mercury type).380 

Volt-ammeter for garage use.414-864H-410-424 

4 4 4 4 principle of .398-414-410 

48 44 reading backwards .399-410-414 

tests.416-419-414-410-406 

Voltmeter.414-424-398-399-402-410 

44 “ for testing commutator.406-402 

“ “ “ 44 storage bat’y 453-410-416-864D 

“ “ test when charging battery... .460-453-461- 

416-410-864D 

“ 44 to determine positive and negative pole.453 

V-thread .702 

V-type motorcycle engines .755 

Vulcanizer, electric .572-573-575-610 

44 for shop use .574-575-610 

* 4 gasoline. 570 

“ steam.574-570-610 

Vulcanizing inner tubes.’..570-572 to 574 

* 4 hole in top.847 

41 meaning of.571-565-564 

“ tires, sectional method.... 573-574-610-565 

“ “ wrapped tread method.575-565 

W 

Wagner electric system on Stndebaker.366 

“ generator and starter on Saxon.364 

Walden's wrench set.611 

Waltham speedometer and clock ..518-511 

Ward-Leonard electric system.342 to 344 

Warner steering device .691 

Warner lens .485 

Warped pieces, how to straighten.696 

Washing a car.507-605 

“ parts, table for .603-622 

Washrack for garage.605 

Waste.602 

* * can.602 

Watch, how to use as a compass.516 

Watsr above plates (battery) .645-655-456 

44 and air for carburetion.735 

“ boiling and freezing point.585 

“ heats quicker at high altitude.582 

14 circulating systems on leading cars..543 to 546 

“ ^circulation, heating of.187-191-860-130 

*' distilled for batteries.455-474-709 

4 4 for drinking when touring .517 

44 freezing point of.451 

“ from chalky district.591-191 

44 frozen and steams .788 

44 height of, in radiator.185 

'* how to add to battery and kind to use.454-455-474 

44 hose rotting .193 

44 in crank case .582 

44 in gasoline .161 

14 jacketed manifolds .82-164 

44 manifold cracked .715 

44 pressure and electricity (analogy).206 

84 44 for compressed sir.740 

44 pumps, centrifugal .187 

4 4 4 4 circulating.187 

44 purity of .191 

44 rheostat .468 

44 soft and hard .191 

44 specific gravity of .585 


Water thermostat .130-860-191-187 

Watts, meaning of.207-431-477 

44 and candle power of lamps.467 

Waukesha engine (truck and tractor).883 to 888 

44 engine, timing ignition.818 

41 governor.885 

Waves and impulses of electric current.20# 

44 of electric current, peaks of.35# 

Weak battery .483 

4 4 magnets .80# 

41 spring on commutator brush.404 

Weidley engine and valve grinding.18# 

Weighted air valves, of carburetor.150 

Weight of cubic foot of water.580 

44 or pressure of an atmosphere .589 

Welding and cutting, prices usually charged... 728-735 

4 4 cylinders.721-73# 

44 expansion and contraction .730 

44 flame and regulation of.719 

4 4 iron, steel, aluminum, brass, copper... 721-73# 

44 outfit and parts of .719-737 

44 oxy-acetylene .718 to 737 

44 pilot light .73# 

4 4 pointers.73# 

44 pre-heating, preparatory to .721*73# 

44 prices to charge for.721 

44 tank stand.73# 

44 tanks, where to obtain .735 

44 thin castings .72# 

44 torch, lighting of .72# 

Westcott rear axle adjustment.#74 

44 spark and throttle control.49# 

4 4 specifications.54# 

Westinghouse battery and coil ignition.... 848-844-849 

44 generator and starter.857*800-84# 

on Locomobile..t#2 
44 ignition and generator combined. 840-847 

4 4 4 4 system.251 

44 rectifier.40# 

Westinghouse -shock absorber .2# 

44 starting method .826-824-33# 

Weston volt and ammeter.414-864H 

Wet generator, how to dry.40# 

Wheel aligner and alignment.683-744-787-505 

44 and engine speed .540 

4< base, definition of . 17 

4 4 4 4 long vs. short. 17 

44 load of tires, how to find.554 

44 lubrication.581-501 

44 pullers.606-742-707 

Wheels, adjustment of front .#80-##l 

“ compartive sise . 15 

44 out of line, cause tire trouble.50# 

4 4 removal of .609-07# 

44 revolutions per mile .54# 

14 (see 4 ‘rear wheels 44 “front wheels*')..679-081 

“ testing of and trueing up.682-681-688 

44 why small diameter . 15 

Which is best car.688 

“Whip 4 * of crank shaft . + ....71 

Whistle, compression type. 614-615 

“ exhaust type .782-615 

White spark .##4 

4 4 spark and throttle control.. • #3# 

44 specifications of .64# 

44 metal bushing.78-04# 

4 4 smoke, cause of . ?.2O3-053-5## 

Whitewashing garage wall .7## 

Whitworth threads.703 

Why engine loses power.#3# 

44 front wheels turn to the right.2# 

44 racing engines are usually 4 cylinder.637 

Williams wrenches .#11-2## 

Willys-Knight wiring diagram .35# 

•* 44 specifications of .54# 

“ 44 spark control and gear shift.499 

Winding, motor and generator.832-388-8#5 

“ of s high tension coil.219 

** “ s Jump spark coil .•*•!!! 

4 4 4 4 a coil.JJO 

4 4 4 4 coil, partially short circuited.8#7 

4 4 4 4 coil, testing of . 245 

4 4 4 4 Delco armature and field coils... .881-887 

4 4 4 4 electric motor .828-885 

4 4 4 4 magneto.2#8-24f 

4 4 4 4 4 4 size wire to use.84# 

4 4 4 4 motor and generator.882 to 885 

44 shunt and compound .882-888-885 

Wind shield for tonneau.514 

Window ventilator .787 

Wind shield cleaner .786-608 

“ “ rain vision.782 

4 4 4 4 how to keep snow and rain off.508 

Wing nuts .00# 

Winton, specifications .54# 

Wipe spark, explanation of.215 

Wiping a joint .712 

Wire.207-240-437 

Wire, ampere capacity of.427 

Wire connections .427-428-840 
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Wire for ignition, size to use.* .428-240 

“ " primary circuit .240 

44 *' starting and lighting .426-428 

44 gauge .700 

44 grounding of.213-827 

44 how to determine size to use.427 

44 loop connection, how to make.741 

44 low tension .240 

44 of a magneto, how to insulate.297 

44 on a magneto, length and sise of.271-688 

*‘00'* size for starter motor .428 

14 primary seeondary .240 

41 should be marked .241 

41 sise to use.426-427-428-240 

44 terminals.609 

44 wheels, address of manufacturers .762 

Wiring a car.425 

44 accessories.426 to 428 

44 battery to start on, dynamo to run on.217 

44 • diagram book .(see adv.) 

*• diagram, Briscoe.363 

diagram. Buick .388 

4 4 4 4 Cadillac.188-896 

4 4 4 4 Chalmers.858 

44 Chevrolet.864 

•• 44 Delco.376-379-382-384-385 

888-891 te 896-132 

44 44 Dodge.869-870-928 

“ electric horn .515 

“ 44 Ford.803-864B-430 

Franklin.362 

4 4 4 4 Haynes.873 

4 4 4 4 Gray and Davis .861-864-355 

4 4 4 4 Hudson “six-40” .882 

44 “ 4 4 4 'super-six''.391 

4 4 4 4 Hupmoblle.860 

4 4 4 4 King car .360 

4 4 4 4 Locomobile.862 

4 4 4 4 miscellaneous.923-924 

4 4 4 4 Marmon .861 

“ 44 Maxwell .865-866 

• 4 4 4 Mitchell-Lewis.867 

4 4 4 4 Oldsmobile.393-394 

11 44 Overland.858 

4 4 4 4 Pierce-Arrow.349 

4 4 4 4 Reo.871-872 

4 4 4 4 Saxon.364 

4 4 4 4 Studebsker.368 

4 4 4 4 Willys-Knight.868 

44 * 4 four vibrating coils.226-231 

44 low tension magneto and make 

and break system.260 

4 4 4 4 light switch .429-426-430-427 

4 4 4 4 lighting circuits .430 

4 4 4 4 multiple switch connection.429 

Wiring for two sets of dry cells.217 


Wiring diagrams, (one, two three and four 


cylinder engines) .228-224-226 

high tension coil.229-281 

high tension magneto .297 

of Atwaler-Kent system .249 

44 low tension ijpition.214-216 

plan of (G. A D.) 4 ‘grounded switch” 


aim (ruouueu mutor . ..aaa 

” troubles, diagnosing, tests.427-416-418-403 

Wisconsin aviation engine .see Insert 

Wooden separator for battery .444 

Wood plug tire .661 

Woodruff keys.708-709 

Woods, dual electric-gas car.479 

4 * 44 specifications ef .546 

Woodworth leather tread tires .559 

Work bench .617-605 

Worm and nut steering gear. .26-691 

4 4 4 4 sector, steering gear.i....25-691 

44 drive, principle of .21-85-32 

44 driven rear axle.82-749 to 751 

44 gear drive, removing .759 

Worn bearings .641 

Wrapped tread tire repair.564-575 

Wrenches.611 to 613-824-28« 

Wrench for crank case and shaft bearing.788 

44 for spark plug .611-612 

4 4 4 4 tire rims.611 

4 4 44 valve cap .788 

44 how marked .611 

4 4 4 4 to find sizes of.611 

44 jew speeder .824 

44 open end .611 

44 8. A. B.611 

44 sizes for spark plugs.288-612 

44 socket type .613-824-795-592 

44 socket type for rear axle.789 

- 44 Stillson and Goes adjustable.614 

44 thin . ..611 

44 U. 8. B.611 

44 Williams.611 

Wrist or piston pin.648-644-78-63 

44 pin on Ford .78-786-643 

44 pin, testing for knocks.686 


7 | 

Yoked connecting rods ..76-127-129] 

z 

Zenith carburetor, construction and principle.181 

“ 44 gasoline level.168 

44 duplex carburetor .188 

Zero lap, meaning of.181 

44 line of current flow.266-267-399 

44 no correction of gravity readings at.4— 


ENGLISH-FRENCH DICTIONARY OF MOTORING TERMS 


Automobile (small) Voiturette 
Accelerator Ac^Urateur 

Accumulator Accumulateur(M) 

Adjusting screw La Visderftglage 

Admission pipe Toyau d'entrie 

Air passage, hoi Tuyau pour Pen- 

trie de Pair 
chaud 

Air pump .. .. Pompe d'air 

Air tube .. Chambre d'air 

Air valve .. . Soupape d'air 

Alcohol .. . Alcool 

Ascent.Montfe 

Automatic indue- Soupape d’ad- 
tion \al\c mission auto- 

matique 

Axle .. . Essieu 

Anti-slipping De 

vice (non-skid) Anliderapant 
Back-fire Explosion pr«- 

maiurfce 

Back wheel Roue d'arrikre 

Ballbearing' Coussinetsk 
billes 

Band brake .. Frnn 4 baode 
Barrel or pump Corps de pompe 
Ball joint Jomi Spherique 

Batteries (primary) Pile primaire 
Battery, dry. Pile sjche 
Bearing Coussinet palter 

Bearings, roller Coussinets4rou¬ 

leaux 

Bell, alarm .. . Grelot. Timbre 

avertisseur 

Belt .Courroie 

Belt fastener Agrafe pour 
courroie 

Benzine Essence de pet role 

Bevel wheel Roue conique 
Block chain . . Chaine a galets 

Boiler.Chauditre 

Bolt (hexagonal).. BouIo n hexa¬ 
gonal 

Bolt (round head) Boulon 4 te*e 
ronde 


Boltscrew .. Boulon 4 vis 

Bonnet .. . Capdt 

Bore of the Altsageducylin- 

cylinder dre 

Box spanner.. Clef 4 douille 

Brake .. Frein 

Brake band . Ruban du frein 

Brake drum . .. Frein 4 tambour 

Brake lever .. Levier du frein 

Brake lock.. .. Frettede friction 
Brakerod . .. Tige de frein 

Brazing .. .. Brasure 

Brass .. Cuivre jaiuiP 

Burner .. .. Bruleur 

Breakdown .. .. Panne 

Bridge.Pont 

Bush.Coussinet 

Cam. exhaust .. Came d'echap- 
pement 

Cam. gear .. .. Distribution 4 

came 

Cardan joint .. Cardan 
Centrifugal pump Pompe centri¬ 
fuge 

Chain.Chaine 

Chain wheel .. Roue de chaine 
Change of speed Changement de 
vitesse 

Change speed Levier de 

lever changement 
de vitesse 

Circulating pipe.. Tuyau de circu¬ 
lation 

Clutch .. . Embrayage 

Clutch friction 

cone .. Cdne de friction 

Clutch, leather .. Cuir 
Clutch spring .. Ressort d'em- 
brayage 

Cogs and teeth . Dents en bois et 
en fer 

Coil .Bobine 

Coil, induction .. Bobine deduc¬ 
tion 

Collar.Collier 


Combustion 

chamber .. Culasse 
Components .. Pieces dttachies 
Compression cam Billette de com- 
lever mande 

Compression tap Robinet de com- 

Conhectiog bolt Axe creux de 
(hollow axle) pitce d'as¬ 

semblage 

Connecting pipe Tuyau de jonc- 
[tioa 

Connecting rod.. Bielle 
Connection.. .. Embrayage 
Contact breaker InterTupteut 
Contact (com¬ 
mutator lor 

breaking) .. Disjoncteor 


Contact screw. Via de conu. 

platinum tipped platiota 

Control . • .. Controls 

Cooling, air ,. Kefroidisaemeot 
par air 

Cooling by water Reiroidissement 
par e*n 

Copper .. .. Cuivre rouge 

Cord.Corde 

Colter.Clavette de 

manivelle de¬ 
tachable. com 

Counter balande Equilibria 
Countershaft .. Contre-arbre 
Coupling . .. Accouplemeot 

Coupling pin Vis et <croa 
and nut poor jonctioe 

d une chaine 

Crank.Manivelle 

Crank axle.. .. Arbre des mani- 

velles 

Crank case bush.. Bague do carter 
Crank chamberCarter 
Crankpin .. .. Counllon de 

manivelle 

Crank shaft . Arbre 4 mani- 
Crank shaft [veils 

feather (or key) Clavette 
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ENGLISH-FRENCH DICTIONARY. 


Current (charging) Courxnt d e 
charge 

Cylinder .. .. Cylindre 

Cylinder head . Culasse 
Custom House ^ Oouane 
Dangerous hill .. Descente dan* 
gereuse 

Differential.. .. Differential 

Distance recorder Odomitre 
Double-thread .. Double filet 
Driving axle .. Essieu moteur 
Driving chain .. Chalne de trans¬ 
mission 

Driving pulley .. Poulie jante 
Driving shaft .. Arbre primaire 

Drum.Tambour 

Dust ... . Poussitre 

Efficiency .. . Kendement 

Elastic .. . Elastique 

Electric lamp .. Lampetlectrique 
Electric motor .. Moteur 6lec- 
trique 

Emery .. .. Emeri 

Enamel .. Email 

Exhaost .. .. Ecbappement 

Exhaust cam .. Pignon rune 
Hill climbing .. Grav ir dea 
rampes 

Honeycomb Radiateur A nid 

radiator d’abeille 

Horse-powerfar.) Cbeval-vapeu- 

Hot .Cbaudfi 

Ignition,advance L'allnmagn 
avance A 

Exhaust cam axle Axe du pignon 
came 

Fxhaust elbow Pipe de refoule- 
connectior. ment 


Exhaust, port .. Lumiire d 

tchappement 
de la vapeur 


Exhaust valve .. 

Soupape d’fchap- 
pement 

Exhaust valve 

Ressort du cla 

spring 

pet dfechap 
pement 

Fan . 

. Veutilateur 

Feed pipe .. .. 

. Tubealimentaire 

Feed pump .. . 

. Pompe d’a 
mentation 

Felt . 

. Femre 

Fibre, vulcanised 

Fibre vulcanises 

File . 

. Lime 

Flange. 

. Bride 

Flexible coupling. Accou plemer.t 
flexible 

Float. 

Flottenr 

Fly-wheel .. . 

Volant 

Foot-brake. 

Frein A pkdale 

Fork. 

Fourcbe 

Frame. 

. Chassis 

Freezing 

. Gelanl 

Friction .. . 

. Froitement 

Front axle .. 

Essieu d’avant 

Front wheel 

. Roue d'avant 

Frost. 

. Celle 

Gau R e . 

. Indicateur 

Gear 

. Engrenage 

Gear, bevel.. . 

. Engrenage A bi- 
seau. Engres- 
nage conique 

Gear box .. . 

. Boite de vitesse 

Gear, change 

Changement de 

speed 

vitesse 


Gloves.Gams 

Goggles .. .. Lunettes 

Governor .. .. Regulateur 

Governor, shaft.. Arbre du rlgulu* 
Gradient .. .. Pente [teur 

Grind, to .. .. Aiguiser 

Grooved pulley Poulie & gorge 
Gudgeon .. . Goujon 

Gudgeon pin .Goujon 
Guide rod .. .. Tige de direction 

Handle .. Manette 

Headlight .. .. Phare 

High-tension Courant dehsute 

current tension 

Ignition, electric, Allnmage par 
by magneto magneto 

Ignition lever .. Manette d'allu- 


Ignition, retard.. L’allumage re¬ 
tard i 

India rubber .. Caoutchouc 
Inlet valve Sonpape d’ali- 
mechanically mentation 

operated 

Inner tube (tyre).. Chambrt i air 

Key.. Clef, davette, 

calle 

Knuckle joint .. Joint de coussi- 
net, en char- 
nitre 

Lamp bracket .. Porte lanterne 
Leather washer.. Rondelle de cuir 
Left-handed ' Vis filefee A gau- 
screw che 

Lever ... .. .. Levier; manette 

Licence .. .. Permit 

Lifting jack «. Chevre: eric 

Lock-nut .Contre Icrou 

Lubrication .. Hoilage 
Lubricator .. Graisaeur 


Mixture, explosive Mdange explosil 
Motor, fourcycle Moteur A quaere 
temps 

Motor, two-cycle Moteur A deux 
tempo 

Mudguard .. .. Garde boue 

Needle valve .. Tige de contrdl 


Neutral .. .. Neutre 

Non-skid (tyre).. Anti-derapant 
Notched quadrant Sec teur den t4 
OU Huile 

Onto!gear.. .. DAbrayl 
Outer cover (tyre) Enveloppe 
Paraffin .. .. Huile de pit role 

Petrol.. .. .. Essence de 


Petrol tank.. 

Pin, split .. 
Piston.. .. 
Piston ring.. 


pltrole 

.. Reservoir A Tee- 
son ce 

.. Goupille fendue 
.. Piston 

.. Segment da 


Piston stroke .. Course do piston . 
Platinulm .. .. Platioe 
Pliers.Place 


Plug, sparking .. Bougie 
Puncture .. .. Crevaison de 

pneumatic 

Railway .. .. Chemin de ler 

Rim (wheel) .. Jante 
Ratchet ..* .. Clique! 

Rear entrance .. Entrle d'arritre 


Repairingoutfit.. Trousse A repar¬ 
ation 


Retard (to slow Ralentlr 
up) 

Reverse .. .. Marche arritre 

Reverting gear .. Changement dej 

march# 

Revolution.. .. Tour 
Rivet .. .. ... Rivet 

Roller.Rouleau 

Steel.Ader 

Screw-driver .. Tournevis 
Sheet iron.. TAle 

Silencer .. .. Sileneleus 

Skid, to .. .. Deraper 

Soap.Savon 

Spanner .. .. Clef 

Spare part.. .. Pikce de reservo 

Spark _ .. ... Etincelle 

Spindle .. ». Fuaeau 

Spoke mm .„ ..Rayon 

Sprag ..Blqoille 

Snaft.Arbre 

Spring .. .. Ressort 

Sprocket wheel.. Roue 4 chain# 
Starting handle.. Man I voile do 
miae en 
marche 

Steering gear .. Direction 
Steering wheel .. Roue direct rice 
Suction .. .. Aspiration 

Solder..Soudure 

Square .. .. Carre 

Teetn of wheels.. Dents de roues 
Throttle .. .. Manlvelle d a es¬ 

trange! ment 

Toolbox .. .. Bdted'outils 

Train, goods .. Petite vitesee 
Train, passenger Grande viteeso 

Tank.Reservoir 

Tap . . .. Robinet 

Tyre (Rubber) ..Caoutchouc' 
bandage 

Tyre lever .. .. Dimonte paeu 

Torn (road) .. Virago 

Valve.Soupape 

Washer .. .. Rondelle 

Water drculation Circulation d>«ui 
Waterproof .. Impermeable 
Water tank .. Reservoir d'eau 
Water jacket .. Chemise d'eau 

Wheel.Roue 

Wire gauze.. .. Toile mltallique 
Wire rope .. .. Cable; corde de 

Wood.Bois [fer 

Works .. .. Usine 

Workshop .. .. Atelier 

Worm wheel .. Rue hllice 
Wrench (spanner) Clef 


* Airplane Insignia. 



1—U. 8. A.: Blue back ground, white 
•tar, red center; 2— Allies : Prance, 
red outer circle, then white, then blue 
center; Great Britain, blue outer cir¬ 
cle, then white, red center: Belgium, 
red. yellow, black center: Italy, red, 
white, green ceuter; 5— Germany and 
Austria: Black cross, white back* 
ground. 


♦The TJ. S. A. Airplane Insignia was formerly a star as shown above, but was changed to a circle, same 
as (2), but with white center, then blue ring, then red, ring. It is placed on top side of the upper wings 
and bottom, of lower wings. The outer red circle di. is approximately equal to the chord of wing, blue circle 
% of chord, and white circle V6 of chord. There are vertical red, white and blue stripes on the rudder. 


ADDITIONAL ENGLISH-FRENCH WORDS. 


Ammeter . 

. Amperemetre 

Armature . .... 

. Induit 

Blacksmith .. . . 

. Forgeron 

Oaburetor . .. . 

. Carburateur 

Clutch pedal.... 

. Pedale de debi 

Copper wire. ... 

. Fil de cuivre 

Driver .. 

. Chauffeur 

Electricity ... . 

. Electricite 

Engine .. 

. Engin 

Explosion 

.. Explosion 

French Chalk.. 

. Talc 

Full speed. 

. Toute Vitesse 

Funnel .. 

, Entonnoir 

Gas . 

. Gaz 

Gasoline . 

. see Petrol 

Generator . 

. Generateur 

Grease . 

. Graisse 

Hammer . 

. Marteau 

Hood . 

. Capote 

Horn . 

.. Corte 

Horn bulb. 

. . Poire 


Horn reed.Auche 

Hub .Moyeu 

Insulation .Isolation 

Jack .Cric 

Jet (carburetor). Gicleur 

Lamp .Lampe 

Lamp oil.Huile a bruler 

Lamp wick.Meche 

Link (chain).... Maillon 

Magneto ....... Magneto 

Magneto ignition. Alumage par mag¬ 
neto 

Map .Carte 

Misfire .Rate 

Nail .Olon 

Nut .Ecrou 

Odometer .see Distance Re¬ 

corder 

Oil can.Burette 

Overheating .... 8urchauffage 
Pressure (high) . Haute pression 
Pressure (low).. Basse pression 


Pump . 

. Pompe 

Radiator . 

. Radiateur 

Rim . 

. Jante 

Rope . 

. Corde 

Screw . 

. Vis 

Shaft . 

. Arbre 

Speed . 

. Vitesse 

Speed (high)... 

. Vitesse grande 

Speed (low)... 

. Vitesse petite 

Start, to . 

. Partir, aemarrer 

Steer, to . 

- Diriger 

Switch . 

• Interrupteur 

Terminal . 

• Borne 

Tools . 

• Outils 

Universal joint. 

• Cardan 

Valve seat. 

• Siege de sonpape 

Valve, single... 

• Monosoupape 

Vice . 

. Etau 

Voltmeter . 

. Voltmetre 

Vulcanized . . . 

. Vulcanise 

Weight . 

. Poids 

Wire . 

. Fil 
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AIRPLANE SUPPLEMENT 


AIRPLANES: Different Types. Names of Parts. Control Mem¬ 
bers and Their Purpose. Instruments. Principle of Flight. 

Tt is not the intention of the writer to deal with this subject in a theoretical manner. 
Merely the fundamental principles will be treated. See page 933 for Liberty Engine. 

Types of Airplanes. 


Monoplane is a type of machine using but 
one pair of wings or planes, or lifting sur¬ 
face, fig. 1, chart 398. 

The Biplane is the type using two wings or 
planes, as shown in the Wright-Martin or 
Curtiss, chart 399. It is the type used most. 

The Triplane is one having three wings 
or planes, fig. 4, chart 398. 

The Seaplane, also called the Hydroplane, 
and Hydroaeroplane, is the type shown in 
fig. 3, chart 398. 

Tractor type is the type of airplane where 
propeller (1) is attached to the front, pull¬ 
ing the machine through the air—see figs. 1 
and 3, chart 399. 


Pusher type is where the propeller (1) is 
back of the wings, or main lifting surface 
and pushes the airplane instead of pulling 
—see fig. 2, chart 399. 

The tractor type is used most, however, 
in Europe, there are many “ pusher 19 type 
machines. 

Engines used on airplanes are 4, 6, 8 and 
12 cylinder. With Gnome type explained 
in chart 403, the number of cylinders vary 
from 7 to 14. 

A Twin-Engined Airplane refers to a type 
of airplane using two engines,—as the Cur¬ 
tiss, fig. 1, chart 399, and the Gotha, fig. 2. 


Propeller or Aerial Screw. 


This is a subject which interests aeronau¬ 
tical designing engineers, therefore will be 
treated briefly. 

The purpose of the propeller is to pull or 
push the airplane through the air which is 
termed the thrust. 

The principle of the propeller on an air¬ 
plane is similar to the principle of a screw 
propeller on a motor-boat, but differs in con¬ 
struction. 

The speed of the propeller is usually up to 
1400 r. p. m. and propeller in most instances 
is directly connected to crank shaft of en¬ 
gine. 

On some machines, the engine speed is 
higher, therefore the propeller is geared 
down. For instance, the.. Sturtevant and 
Thomas engine speed is 2000 r. p. m. and 
through a system of gearing, chart 402, the 
propeller is geared down to 1400 r. p. m. 

Twin propellers are where two propellers 
are driven from one engine by two chains, 
as on the early Wright machine, as per 
chart 402. 

Propeller slip— when the propeller screws 
itself forward the air slips past the blades, 
so that the propeller does not move forward 
so quickly as if there were no slip. For in¬ 
stance, if a propeller is designed with a pitch 

Control 

The rudder is used for steering the air¬ 
plane to the right or left, called “yaw¬ 
ing," or changes direction of motion. It is 
usually operated by the foot by movement 
of rudder bar 23, chart 400, which is con¬ 
nected to the rudder (8) by wire cables. 
Moving rudder to the left causes machine 
to turn to the left and vice-versa. 

The elevators are used primarily for as¬ 
cending and descending. They are operated 
by movement of the lever (20), forward 
and backward. This movement raises or 
lowers the elevators by connection with 
lever by wire cables, which causes machine 
to ascend when elevator is up and descend 
or ‘ * nose-down * * when elevator is lowered. 

Copyrighted 1918-1910. by 
^Compressitn of engine not as high on Nary type 
Navy type propeller is often a ‘“‘pusher" type. 


of say ten feet, but advances but eight 
feet, then the slip is equal to 20 per cent. 

Pitch—the distance moved forward at 
every revolution of the propeller, if there 
were to be no slip, is called the *‘pitch." 
The pitch multiplied by the number of revo¬ 
lutions per minute is the distance moved 
forward per minute. This will be the speed 
of the machine if there were to be no “ slip . 9 9 

The two-blade propeller is used most and 
is considered most efficient. Four blade 
propellers are also used, but the two-blade 
will do the sdme work. For if a four-blade 
is used, then the pitch-ratio must be less, 
ft a *Two types of two-blade propellers 
J n well worth mentioning, are shown in 
& jJ illustrations. One (N), is called the 
J •/] Navy type and the other (A) is 

1 H called the Army type. The differ- 

» • a ence between the two is in the curve 
or camber of blade. The diameter and 
speed of a propeller has a great deal to do 
with its efficiency. Therefore the diameter 
and pitch of a propeller must be designed 
according to power and speed of engine. 
Eight *and ten foot di. are used extensively, 
but seldom under six feet. 

Thrust meanB to push or drive with force. 
Although this is not the technical meaning, 
we will accept it here. 

Members. 

This action is caused by the pressure of 
wind pocketing against the surface of the 
elevator which causes a “nose-up" position 
when up, and “nose-down" position when 
elevator is down. 

Banking, refers to lateral motion or tip¬ 
ping of either side. The movement can be 
controlled by movement of the lever (20), 
to either side, which moves the ailerons (9, 
fig. 3, chart 399). By dropping the aileron 
down, on one side, the air pressure strikes it 
underneath, causing that side of wing to 
raise higher than the opposite side. At the 
same time the aileron is dropped down on 
one side it is raised on the other side, which 
by pressure of air on top, causes that side 
to lower. 

A. L. DYKE, St. Louis, Mo. 

engines as on Army type (see page 934). TOie 
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Fig. 2—A modern tractor typo Biplane. Equipped 

with Hall Scott type A5 engine. Note the ''cam¬ 
bered 1 r wing and 4 'staggered’ 1 strut*. 


rtf. 8—A modem trac¬ 
tor typo Seaplane, also 
termed o Hydroaero* 
^*ne. Ho 11-Scott equip¬ 
ped engine. Note the 
float* or boat* for run¬ 
ning in the water. It ii 
capable of running in 
the air or water. Thi* 
machine would also be 
termed a ‘ 'biplane." 




pig. 4—Triplane—tractor type. Twin-engined. 

Pl£. 5—A biplane, tractor type—with the “War- 
en * 9 troaa (T) instead of wires and itrnta. 


Fig. 5. 


axpoeeo accnoM showing s of boacihg ring* evcov 
TwErTSomjgTIM G. GAS BAGS ^6 FT, TO ENSURE RKJI- 


Zeppelln Air-Ship. 
This type of air-craft 
would be termed a dirig¬ 
ible, lighter-than-air type 
—becauie it ia support¬ 
ed in the air by gai. 
Engines are located in 
the forward and aft car 
swung under the sup¬ 
porting frame-work. 

Propellers (screws) are operated by engine. There are four propellers, two on each side mounted above the 
cars to framework. Power is transmitted through bevel gears. Propellers are three-bladed and 10-ft. di. 
Change of altitude is effected by means of two pairs of plane-sets, one forward, other astern; each set msde up 
of four parallel planes, attached laterally, just over the keel. 

Qai hags which support the machine in the air are placed as shown, with aluminum bulk-heada between 
each. Euberoid is then placed over them and frame-work. If one bag is punctured, others will support 
craft, by throwing off ballast. The newest Zeppelins are 6S0 ft. long, 75 ft. di.; 60 m. p. h. 


r ORWES KECL>^mX?D«N67 <^FTE« 
VdOMMUHtCATiON KTWOK/ A, ft Eft 


IBABT NO. 398—Airplanes; Heavier-Than-Air Aircraft. Dirigible; Lighter-Than-Air Aircraft. 
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AIRPLANE SUPPLEMENT. 




CHART NO. 898—Airplane; Types and Name of Parts. 

ustrations from Motor Age and Automobile.) 


MAIN SUPPORTING UPPER WINGS 
OR AEROFOIL 


MAIN SUPPORTING LOWER WINGS 

•tractor type 


OR AEROFOII 

Fig. 1—The OurtUa biplan* 


RUNNING GEAR 
twin-engined. 





a 

30C 


10 

in 

Cl 

rant view (|U-1 

KH" 


Bottom View 


tunnel 


UTir 


Fig. 2a—A gun tunnel 
ia provided in aome of 
the German make of 
machines. 


Side view ehowing 
naohlne gisio 

Fig. 2: Gotha "pusher" 
type biplane: Length of 
thia machine ia 41 ft.; total 
height 12 ft. 6 in.; apan of 
upper wings including ail* 
erona 77 ft. 7 in.; apan of 
lower wlnga 72 ft.; total 
surface of wings 1000 aq. ft. 




Types Of Airplanes. 
Tfie Illustrations on tills 
page are intended to 
show the difference be- 
tween the “ tractor” 
and ** pusher ' 9 type— 
also the * * twin-engined ’ 9 
airplane. 

The Curtiss, fig. 1; there 
are two propellers, each 
operated by a separate 
engine, therefore this 
would be termed a 

I * twin-engined 9 9 biplane. 
Note the propellers are 
in front, therefore a 
* * tractor * 9 type. 

The Gotha, fig. 2; is a 

II twin-engined 9 9 biplane, 
but 1 ‘pusher ’ 9 type pro¬ 
pellers, which are placed 
in the rear instead of 
the front. 

The Wright-Martin, fig. 
3; there is one propeller 
placed in front, there¬ 
fore it would be of the 
“ tractor'* type biplane. 

Parts 

Of An Airplane. 

1 —aerial screw or 
propeller. 

3—radiator. 

5— cock pits. 

6— fixed horizontal 
stabiliser. 


Directly behind the rud- 


Fig. 3—A biplane—tractor type. 

On some types of machines 
the ailerons (0) are operated sim¬ 
ultaneously with rudder. For in¬ 
stance, in turning to the left, right 
aileron ia lowered and rudder 
turned to the left, tilting or 
"banking" machine to the left, 
and vice-versa. It is always nec¬ 
essary to “bank" machine when 
making a sharp torn. 


7—elevators. 

B —rudder* which is hinged, 
der is the rudder fin. 

9—ailerons—on some machines there are ailerons on 

both upper and lower wings. 

10— the wing surface, also termed upper and lower 
plane or aerofoil; the aerofoil, however, indicates 
the difference between an ordinary surface and one 
inclined at an angle to the direction of motion, 
having thickness and cambered or curved. 

11— the body; the fuselage is the framework separate 
from the wings. 

12— chassis or landing gear—see fig. 1. 


BRACING 

AILERONS 










































































Lateral motion can also bo controlled by **warp- 
lng or twisting the main lifting surface or wing, 
which increases or lessens the angle to which 
the “leading edge" (fig. 9, chart 401), offers to 
the wing. This warping of the wing is now 
seldom used, the ailerons having taken the place. 
Many machines now have ailerons on both upper 
and lower wings. 
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Stabilizer (6, fig. 3, chart 399) is for the 
purpose of preventing airplane from assum¬ 
ing a vertical position—especially when 
wings at front are at an extreme angle to 
the wind. In other words, the stabiliser 
buoys the tail up when flying. See page 
907, for further explantion of stabilizers. 


Brief Explanation of Ascending and Descending. 


When starting a flight, aviator enters 
cock-pit, fastens safety belt. Engine is 
started. Airplane then rolls swiftly over 
the ground and with a run of about 100 
yards, skimming the ground, the control 
(20) is moved towards him. This motion 
causes elevator surface (7, fig. 3, chart 399) 
to be tilted upward to line of flight and air¬ 
plane ascends. The start should be made 
against the wind. 

Starting of engine ia usually by turning propel¬ 
ler. A number of modern airplanes arc equipped 
with the starting system explained on page 821. 
When engine stops in mid-air, if not equipped 
with a starter, the aviator then glides or spirals 
down. High compression engines can not be 
started by movement of propeller with air. It is 
stated that the Onome will start in this manner. 

The ascension can be made in a forward 
or spiral motion. If a spiral, at reasonable 
height, then one side is “banked” or tilted 
by movement of lever (20) to the right or 
left side. If the turn is to the left, the 
right aileron is lowered, which causes the 
air to “pocket” against the aileron sur¬ 
face, creating pressure, therefore the right 
wing is raised higher, at the same time the 
rudder is turned to the left. The elevator 
is raised sufficiently to keep the wing sur¬ 
face at the proper climbing angle. 

tWhen descending, engine is throttled 
down to about 250 or 300 r. p. m. and ma¬ 
chine is “nosed-down” by movement of 
elevator down. Descent is made with a 
straight forward glide or wide circle or 


spiral, by movement of aileron or rudder. 
When within landing distance, the machine 
is “ straightened-out ” by movement of ele¬ 
vator. This straightening effect, causes the 
machine to check its descension by a sudden 
air pressure under main wings. By skill¬ 
fully manouvering of elevator, the machine, 
after skimming over the ground, finally 
stops with tail-skid striking the ground first, 
(fig. 8, page 906). The wheels touch the 
ground last. Engine is then stopped. Land¬ 
ings are always made against the wind. 

It Is difficult for the beginner to judge 
just where to “stralghten-out” prepara¬ 
tory to landing. When he straightens out 
too soon, this often results in a novice land¬ 
ing “tail-heavy,” breaking the tail skids. 
When he does not straighten-out soon 
enough, the result is the wheels strike the 
ground, and this braking effect causes the 
plane to “nose-over,” breaking propeller 
and bending engine crank shaft*—see fig. 30, 
chart 401. 

When engine stops In mid air, the usual 
procedure is to “glide” or “spiral” or * 
“volplane” to ground, as explained. Land¬ 
ing is just as easy as if engine was running, 
except one must take chances on condition 
of ground where he lands. 

Gliding is a straight forward down move¬ 
ment just steep enough to assume effective 
control of the ship with power off. This is 
also called volplaning. 


There are two essential factors necessary 
In order that the airplane, a heavler-than- 
air machine, rise from the ground. They 
are thrust and lift. 

There are two factors which offer resist¬ 
ance to the airplane rising from the ground, 
they are known as gravity (resistance down¬ 
wards) and *drlft (resistance horizontally, 
also known as “head-resistance.”) 

The aerial screw or propeller produces 
the thrust through the air, which overcomes 
the resistance or drift. The lift Increases 
as the speed of the thrust increases, there¬ 
fore gravity is overcome and result is the 
wings have a lifting effect/ produced as will 
be explained. 

It is well to note that, for an airplane to 
be supported In the air, it Is essential that 
it be kept In motion through the air and not 
by the motion of the air past the airplane 
stationary. In other words, the mass of air 
engaged, the velocity and force the wing 
surfaces engage the air, is the theory ad¬ 
vanced for the support of the plane in the 
air. 


Principle of Flight. 

How this lifting effect Is brought about, 
is explained as follows: 


PARTIAL VACUUM 
OR LE88 PRESSURE 
WHICH OFFERS LESS 
RE8I8TANCE TO LIFT- 


LINE OF FLIGHT 

OR MOTION X p. ! 

CENTER OF PRESSURE ^ ** 

Where air is compressed 

GIVING A TENDENCY TO LIFT 

VARIE&-SEE TEXT. 

Supporting and lifting effect under wing: 
The wing surface is (W). The horizontal 
line we will call the direction of “line-of- 
fiight-or-motion. ” The dotted lines repre¬ 
sent the wind or air current, and at another 
point, say one-third of the way back from 
front or leading edge of wing tip, is the 
“ center-of-pressure ” or (O. P.—which va¬ 
ries, as will be explained later). As the bot¬ 
tom of the wing meets the air, it results in 


tThe purpose of running engine slowly was to have power to ascend again if the landing was not 
favorable. The machine will slightly noee-down when power of propeller or thrust is off. If nosed- 
down too much descent will be too rapid. ••Warping of wing tips is a similar action as lowering 
the aileron and for same purpose, see chart 402. 

•Drift also refers to resistance offered by the shape of wings, struts, etc., or any other factors which 
would have a tendency to oppose lift. 


IS_!a. J I. 
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Name and Purpose of Control Levers and Instruments. 


50— Control stick (on many machines a wheel con¬ 
trol is used as per fig. 2). This lever controls 
the movement of ailerons (9, chart 899) by mov¬ 
ing to either side. By moving forward and back 
it operates the elevators (7, chart 899). 

51— Aileron cable or wires; 22—Elevator cable or 
wires; 28—Rudder foot control; 24—Rudder 
cables; 26—Ignition or magneto switches; 26— 
Carburetor throttle lever; 27—Ignition advance 
lever; 28—Map holder; 29—Thumb nut for roll¬ 
ing map. 

SO —Tachometer, similar to a speedometer. Indi¬ 
cates number of revolutions of engine crank 
shaft, connected by flexible shaft; 81—Clock. 

52— Temperature thermometer, or indicator, is for 
the same purpose as the 4 ‘motor-meter,** ex- 

{ tlained on page 188. This instrument, however, 
nstead of being placed in the top of the radia¬ 
tor cap, is placed in view of the aviator by con¬ 
nection of an extension pipe. It is also often 
installed directly in the water pipe, coming from 
the cylinder nearest the propeller. Due to the 
fact that if water becomes low in radiator, it 
does not operate properly—hence reason for plac- 
_* n 8 it in the water pipe. 

S8—Altimeter, which indicates the height. The 
barometer of the aneroid type is also used for 
this purpose which indicstes the height by in¬ 
dicating the density of the air. The higher the 
altitude, lighter the air and less the gravity. 

84—Oil pressure gauge, indicates oil pressure of 
engine oiling system. 

86—Gasoline gauge, indicates pressure of air in 
gasoline tank. The pressure fuel system is in 
general use, per page 864 (see also page 909). 

86—Banking indicator, stands at zero or center 
when a machine is on a level—when wings bank 
or tip to the side, the needle moves accordingly 
from either side of zero. This instrument is 
also termed an Inclinometer. 

The Inclinometer, in other words, indicates angles, 
and is nothing more than an arched spirit level. 
One is mounted to show angle at sides or lat¬ 
eral stability (side tips), and another could be 
mounted to show the horisontal stability or 
“nose-down 44 or 4 ‘tail-down 4 * position (the air 
speed indicator is also suitable for this) 


87—Wind shield; F—Compass, indicates direction. 

Air speed indicator, a type called the “Foxbor©, 44 
(not illustrated) consists of a very strong and ac¬ 
curate low-range indicating differential pressure 
gauge. Indicates the air pressure. For Instance, 
a nose-down direction will show an increase of sir 
pressure and a tail-down a decrease. Therefore, in 
a way, it serves as an inclinometer. 

The instrument is located at any current point to 
be observed by the pilot, and is connected to a 
Pitot tube or nozsle by means of smooth copper 
tubing. 

The scale on the indicating part of instrument is 
calibrated to read in the unit of miles per hour, this 
being the relative wind or force, acting against 
the planes of the machine and holding it in ths 
state of buoyancy. 

The nossle is especially calibrated for use with 
these instruments, and is usually located on one of 
the forward midwing struts with the nossle point¬ 
ing in the direction of motion, so made that water 
or moisture cannot enter, (see page 800 for prin¬ 
ciple of Pitot tube.) 

The throttle lever is used to govern speed dur¬ 
ing flight. The spark lever is retarded when start¬ 
ing engine on the ground and advanced after en¬ 
gine is started and then advanced and left in 
this position. 

There are usually two magnetos for engine, s 
separate switch is provided for each ignition unit. 

Control movements: To ascend, pull lever (20) 
back, this places elevator up. To descend, move 
(20) forward, places elevator down position. To 
balance machine If inclined to right, move (20) to 
the left side, this lowers right aileron, which causes 
right wing to raise. To balance, If Inclined to left, 
move (20) to right side, this lowers left aileron, 
causing left wing to raise. To turn to right, first 
“bank 44 or tilt machine to the right, by moving 
(20) to the right side, lowering aileron oo left, 
raising left wing, then move rudder to right by 
movement of rudder bar (28), right side. To turn 
to the left, “bank 4 ' to the left and rudder to the 
left. Neutral position; elevators are level position 
also ailerons and 28 and 20 in vertical position. 


Pig. I—An exaggerated ii 
lust rat Iso of control levers 
and instruments using a 
“stick-control.' 4 


Pig. 2 —Ad exaggerated il¬ 
lustration show ing a “ wheel - 
control/ 4 railed the “Pep" 
control. (Deperdusain.) 


MLNGc 


ELEVATOR CABLE 


GHAUT NO. 400 —Control Levers and Instruments. See also page 921. 

At high altitudes the air is lighter or less dense, therefore lack of air causes a decrease of about ten per cent ef 
engine power at and above 6000 feet. Carburetors are designed with air openings which can be opened wider at 
high altitudes in order to increase air supply to carburetor. 
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the air striking the under part of wing, 
when it is compressed, causing it to # *push 
up against the under surface of the wing 
and is gradually diverged downward, thereby 
giving the wing its supporting effect. 


Angle-of-Incidence; W, is the wing; O, is 
the center line of wing from which we will 
~ base our angle. The line-of-flight or motion 

is shown below it. 



Fig. 2 



"■LINE OF FLIGHT OR MOTION 
WANGLE OF INCIDENCE 


This is farther demonstrated by the wings of 
a gull (flg. 1AV We will assume that the gull 
is making a flight in a horisontal direction as 
per *'line-of-flight" (flg. 1). The wings would 
assume a horisontal lifting position as shown, (B). 

Lifting effect above wing. Over the up¬ 
per surface of the wing the opposite action 
is taking place. • 

Instead of pressure above the wing, a 
partial vacuum is created by the air strik¬ 
ing the forward edge of the wing and be¬ 
ing deflected upwards and over a greater 
part of the wing surface as shown in fig. 1. 
In other words, meaning that there is very 
slight air pressure above. The result is 
that if the pressure below the wing is 
greater than above it, and a partial vacuum 
is created above the wing, the mass of air 
engaged under the wing by motion pro¬ 
duced by the thrust of the propeller, will 
cause the wing to have a lifting effect. 
This is the fundamental principle of flight. 

To demonstrate the theory that a partial 
vacuum is created above the upper surface 


of a curved wing; take a sheet of paper 
and hold it as shown in illustration fig. IB. 
If you blow horizontally on the edge at 
B, along the upper face, the rear of the pa¬ 
per will rise (L). Blowing along the under 
surface will be found to have a much less 
steady effect in lifting the rear end. 

If we now hinge the rear (fig. 10), at about 
% of its length and curve it down, blowing 
along the upper surface of the sheet, the 
rear hinged portion will lift almost verti¬ 
cally in the air and right in the face of the 
wind, whereas if the hinged portion be kept 
flat it will not lift, and if rear end is curved 
upward it will only vibrate and act as a 
drag to the lifting effect of the sheet or 
plane forward of the hinge. 

This brings out the fact that a curved 
plane is necessary and the hinged portion 
explains how the ailerons give a lifting 
effect to that side of the plane when lowered. 

There are a number of factors that must 
be considered In order to obtain the best 
lifting effect. Two particularly, are the 
curve or 41 camber 1 * of the wing and the 
“angle’ 1 it is placed in relation to the 
“line-of-motion” or flight, as will be ex¬ 
plained. 


The angle between this line (O) and the 
line-of-motion is termed the 41 angle of in¬ 
cidence 1 ’ and right here, together with the 
curve or camber of the wing, is what gov¬ 
erns the lifting capabilities of an airplane, 
of course assuming that the thrust is equal. 

Clamber of the wing, or the curve, is nec- 
essary on top as well as on the bottom. 
The camber varies with the angle-of-inci- 
dence. The greater the velocity, the less 
41 camber” and 4 4 angle-of-incidence. ” 

For great lifting at steep Incline or angle, 
the wing with a greater curve or camber is 
designed. But, when a wing is designed 
for great lift, speed is sacrificed. 

For great speed, the wings are not cam¬ 
bered or curved as much. When designed 
for speed, then extreme lift per square foot 
of surface is sacrificed. 

Airplanes designed for high speed cannot 
land at slow speed. 

Airplanes designed for landing slow and 
safe and getting off the ground quickly, 
then sacrifice high speed. 

When airplanes are slow speed they are 
likely to encounter 4 4 air-pockets ’ ’—mean¬ 
ing that if a gust of wind traveling at a 
greater * speed increase than the flying range 
of the airplane, should strike the airplane 
from the rear when flying, the result would 
be that the plane would drop, due to the air 
support being taken out from under the wings. 
To overcome this, the aviator 44 noses-down” 
until greater speed is obtained when he 
44 straightens-out” again and assumes his 
climbing angle. 

The aim of designers therefore, is to pro¬ 
duce a machine which will get off the ground 
quickly, lift, have maximum speed and land 
at a safe speed. 

The lift decreases at higher altitudes, due 
to the fact that the air is lighter or less 
dense, which affects the operation of engine. 
There is also a limit to the climbing altitude 
of a machine, for instance, it will be seen 
that the higher speed the plane is put to, 
the greater will be the pressure below the 
wing and also the vacuum above, so that 
after the vertical pressure on the wing 
equals the weight of the machine, any fur¬ 
ther pressure on account of higher speed 
would tend to flatten out the angle at which 
the wing is flying, reducing the angle, bring¬ 
ing it more to a straight line, causing the 
airplane to travel in a horizontal line in¬ 
stead of lifting it upwards. 




••The air must meet the wing surface at such an angle that a downward velocity be given to it after 
the plane has passed over it. The actual velocity required will depend upon the weight to be carried 
and the supporting surface that is used. 

•It is rare that a wind gust appears with over a 20 miles an hour increase in air speed, so that if 
any plane today has a speed range of 20 miles per hour—say from 40 to 60 or 50 to 80—this plane is 
practically free from the effect of this type of "air pocket." (from "Acquiring Wings"—see foot 
note page 007.) 



AIRPLANE SUPPLEMENT. 


Empennage. 

The empennage is the tail assemhlv. 

Pig. 21—Top view of 
rear control mem¬ 
bers : 8—stabilisers; 

B — elevators which 
are hinged and oper¬ 
ated from seat by 
control (20, chart 
400) ; B — vertical 
rudder, operated by 
rudder foot bar (28). 

Fig. 21A—Side view 

of above. The toll-skid (W) is a form of 
shock-absorber, which prevents damage to 
rear when landing. 

♦Flying Terms. 

▲ nose-dive (1); occurs when a descent is 
made at too great a speed and too steep an 
angle, so that supporting pressure is lost.. 
Considerable rudder and elevator action is 
necessary to place machine horizontally again. 
Tall spin (2); machine in vertical position, 
tail-up and being turned in a spiral, due to 
several causes. One cause, is due to failure 
of rudder or elevator to operate, after mak¬ 
ing a “nose-dive,” causing machine to be 
forced into a small spiral—a very bad and 
dangerous predicament. 

Spiral (8); to descend or ascend in a spiral 
or wide circle. 

▲ loop (4); speed is gained by a steep dive, 
then with movement of elevator the loop is 
made with power on. After looping, eleva¬ 
tor is used to straighten out. 




Stoll (5); when trying to climb at too steep 
an angle, new pilots sometimes allow their 
machines to slow down below their support¬ 
ing speed, when they “stall” and drop tail- 
flrst or “tail-slide’* as shown. This used to 
be a dangerous happening, but if sufficiently 
high in the air, modern stable type machines 
will recover as shown in dotted lines (re¬ 
covery). 

Side-slip (7); caused generally by taking a 
turn with insufficient Dunking, which causes 
the wings to lose their sustaining effort, once 
forward motion is stopped. Fliers who know 
how can now slip for hundreds of feet and 
right themselves safely (see page 907). 

Banking (9); means that the machine is 
tilted to right or left side. Neoessary in 
turning. Too great an angle will cause a 
slide-slip (7). See page 900 for method of 
banking. 

Landing. 

The proper method to land is per (8) above, 
and per page 908—tail first. 



Fig. 29—When 
landing, “tail- 
heavy,” the 
tail skids (T) 
are broken. 


Fig. SO—When landing “nose-heavy,” due 
to not straightening out soon enough (see 
page 908), the propeller is broken and crank¬ 
shaft bent. These are common occurrences 
in training schools. 


Dihedral and Aspect-Batlo. 


A Fig. 7—The Dihe¬ 
dral angle of an 
airplane is the up¬ 
ward tilt given to 
the wings, or the 
angle they are to each other as shown 
at A. Note (B) in center is lower. 
The purpose is to assist lateral stabil¬ 
ity. Quite often it is possible to tell 
the make of machine in the air by its 
“Dihedral,” as this varies on different 




makes. ■ i.kadinu 

Fig 8—A low-aspect-ratio airplane. i i 
Note the “chord” or width of wing is , [■',V..y ^ 

broad and “spread or span” is short. f I tkaimsc 

Fig. 9—A high-aspect ratio airplane. r JP* I 
Note the “chord” is narrow and the ) { 

“span” is long. The spread or span \ / 

divided by the chord gives the aspect- r~V~) 

ratio. The same area surface is in OfO 

each. Large slow machines usually * 
have high-aspect-ratio and speed-scouts, low aspect. See 
page 907. The high aspect is most efficient. 


Leading edge, is the front part of wing; trailing edge, rear. 

Horizontal and Climbing Anglo. 

A—Horizontal flight; the propeller thrust (T) is slightly 
below the horizontal line (H). Although this would appear 
to be descending, the thrust of propeller, when wings are 
at a low angle, would have a tendency to keep machine 
in a horizontal position. This gives greater speed when 
flying at low altitudes in a horizontal direction. 

B—Low angle of dlmb; the propeller thrust (T) is now 
horizontal, also line (H). This gives a slight increase of 
angle to wings, therefore there would be a slight angle of 
climb at low altitudes. The speed is less however, as 
the increase of angle of wing surface to the air produces 


greater lift but less speed. 
O—Climbing angle; the pro¬ 
peller thrust (T) is now 
slightly above the horizon¬ 
tal line (H); which gives 
a slightly greater angle to 
the wings. This is con¬ 
sidered the best climbing 
angle. The speed how¬ 
ever is less than in (B), 
as the resistance is greater. 
D—Extreme climbing angle; 
the propeller thrust (T) is 
now considerably above the 
horizontal line (H). The 
angle of wings is increased 
still more—result is greater 
lift or angle of climb, but 
resistance is still greater, 
therefore speed is less than 
in horizontal climb and B 
A 0 climb. 

Fig. 12—Excessive climbing 
angle; the wings are now 
placed at a still neater 
angle. The center or pres¬ 
sure (OP) works to the 
rear of the wing, giving a 
tendency to oppose the 
thrust by the wind pocket¬ 
ing at the rear and trying 
to raise rear of curved wing 
which causes great resist¬ 
ance therefore considerably 
less speed and the machine 
instead of climbing will 
move horizontally (or stall, 
page 907). 

If the angle Is increased to 
a greater extent the cen- 
ter-of-pressure will work 
out from under rear of wing, 
result will be a drop. 



G 

explained on page 905, and 


Note; illustrations are exaggerated in order to more clearly 
explain the ill effect of climbing at too great an angle. 
Fig. IS—The thrust line (T) is the line running front 
rear, through center of propeller. The lift (L) is 
the line slightly back of the gravity line (G). The grav¬ 
ity line is or should always be slightly forward of the lift 
line, due to the fact that the machine should be “nose- 
heavy’ * and not “tail-heavy” when gliding, with power 
off. When power if on the thrust overcomes this tendency 
of nose-heavy. In other words if the power is off it U 
important that the machine descend “nose-down” instead 
of “tail-down.” The drift line (D) is above thrust linsu 


3HABT HO. 401—Miscellaneous Airplane Information. 



‘Several of these illustrations from Acquiring Wings—see foot note page 907. 
degrees. 


See page 98 for explanation ef 
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When climbing, there' is a minimum and a 
maTimnm angle. The minimum angle gives 
the greater velocity and maximum less vel¬ 
ocity. Too great an angle would cause Ma¬ 
chine to fall—because the center of pres¬ 
sure would be changed as explained in the 
next paragraph. 

Center of pressure is continually changing. 
For instance, when the “angle-of-incidence” 
is about 7 degrees between, the line (O) 
and line of motion (fig. 2); as this angle is 
increased, the center of pressure moves to¬ 
ward the rear, therefore, if angle is too 
great, the center of pressure would move 
from point where it would properly support 
the wing surface and result would be a fall. 

. . <SZZZZZS220a^ 

Fig. 4 Fig-8 

Fig. 4 A stabiliser wing is usually slightly curved 
at both ends. 

fig. 6. A - wing for the control surfaces, are 
usually double convex type. 


Purpose of stabilisers; if center of pres¬ 
sure moves forward, the rear of machine has 
a tendency to drop, tail-down, therefore 
stabilizers (6, fig. 3, chart 399) are pro¬ 
vided to assist in stabilizing or balancing 
the rear, also prevents pitching forward. 
This is known as 11 longitudinal stability. , 9 
Stabilizer wing surfaces—see fig. 4. 

Lateral stability is necessary to prevent 
side tipping. This lateral balance is usually 
maintained by 1 * warping” the wings or 
movement of the ailerons, the latter method 
being used mostly. On monoplanes the 
warping method is used extensively. 

Directional stability applies to an airplane 
being thrown out of its course of travel, for 
instance, by a sudden heavy gust of wind. 
When turning sharply, it is necessary to 
make a steep “bank” (tilting sidewise). 
If this banking is extreme, then the plane 
“side-slips” or falls (page 906). This is 
overcome by operating the controls and 
1 * nosing-down ” until speed is gained then 
* * straightening-out . 9 9 


GLOSSARY. 


AERDROME—i field or grounds uaed for flying 
purpoaea. 

AEROFOIL—« cambered. or curved wing, or the 
lifting surface—but curved. 

AERONAUT—one who follows the profession of 
flying. 

AEROPLANE—« machine used for flying, which 
is power driven and heavier than air. 

AILERON—» wing of smaller slse placed usually 
as shown in flg. 8. chart 800. Produces a side 
or lateral tilt. 

AIRPLANE—same as aeroplane. 

AIR-RESISTANOE—the resistance offered to the 
thrust of the machine—approximately four 
times as much power is required if it is de- 
sir ed to double the speed. 

AIRSHIP—a ballo.on type, lighter than air. 

ANGLE OF INOIDENOE—the angle that the line 
(O), page 005, flg. 2, makes with the line of 
motion or flight. 

ASPEOT RATIO—if a wing is six times as long 
as it is deep, having a spread or span equal to 
six times the chord, it has an aspect-ratio of 
six. which is about the average for training 
biplanes. Anything much above this would be 
called a high-aspect ratio, whereas wings three 
times as long as they are deep, would be said 
to have a low aspect-ratio. See figs. 8 and 0, 
page 006. 

AERIAL SOREW—the propeller. 

BANKING—a term applied to the side tipping of 
an airplane when turning. 

BAROGRAPH—records the altitude reached. 

BAROMETER—the aneroid type indicates the alti¬ 
tude by density of the air. 

CAMBER—a curved surface usually applied to 
the curve of the wing or propeller. 

CENTER OF GRAVITY—a vertical center line 
which would be termed the weight center. 

CENTER OF PRESSURE—a point under wing, 
from front edge where pressure is centered to 
greatest compression or balance. 

CENTER OF THRUST—a line running from cen¬ 
ter of aerial screw to rear, fig. 18, page 906. 

CHORD—the width of the wing. 

DENSITY—compactness; mass of matter per unit 
of volume. 

DRIFT—this word and resistance are analogous, 
applies to the resistance offered to a machine 
when moving forward. 

DIHEDRAL—see flg. 7, chart 401. 

ELEYATORr—a small wing (see flg. 8, chart 809), 
for ascending or descending. 

FORCED LANDING—a landing necessitated by 
reason of impaired engine. 

FUSELAGE—the framework of an airplane, see 
flg. 8, chart 899. 


GRAVITY—the force which draws a body to the 
earth. The higher the altitude, less the grav¬ 
ity. 

GLIDING—a term used when descending with 
power of engine off. 

GYROSCOPE—to give steadiness to flying ma¬ 
chines. Intended to keep machine in upright 
position. 

HANGAR—similar purpose as a garage. A place 
or shed for airplane. 

LATERAL STABILITY—the stability of an air¬ 
plane. To oppose lateral or side tipping. 

LONGITUDINAL STABILITY—the stability of an 
airplane. To oppose tipping forward or back¬ 
ward. 

LIFT—the lifting and supporting effect of the 
airplane wing. 

MONOPLANE—an airplane with one pair of wings. 
The monoplane usually has great speed as the 
resistance to the wind is less. 

PITCH—the distance the aerial screw or propeller 
advances when completing a revolution. 

PLANE—a level surface. Usually applied to the 
wings of an airplane^ but which are usually 
curved or cambered. 

RUDDER—a vertical surface used for turning— 
see flg. 8, chart 899. 

RUNNING GEAR—the wheels and its parts by 
which the airplane lands and runs along the 
ground. 

SHIP—the airplane. 

SIDE SLIP—see page 906. 

SPIN—when through loss of flying speed ship 
drops nose first with a rotary motion. 

STALL—a ship stalls when it loses flying speed. 

STABILIZER—see page 903 and above. 

SKID—a support usually placed at rear of aero¬ 
plane to absorb the shock when landing, see 
flg. 21 A, chart 401. 

SKIDDING—a term usod when an airplane goes 
to the side further than intended when turning. 
Also applies to landing. 

TAIL-SLIDE—see page 906. 

TAIL SPIN—see chart 401. 

TAKE OFF—maneuvering after leaving ground 
under its own power. 

TAXYING—maneuver of ship on the ground un¬ 
der its own power. 

THRUST—applies to the aerial screw or propeller 
to push or drive forward. 

TRAILING EDGE—see flg. 9, chart 401. 

VOLPLANE—see gliding. 

WIND TUNNEL—a tunnel used for experimental 
purposes for airplanes, employing artificial air 
at various pressures. 
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AIRPLANE SUPPLEMENT. 


Structural Parts. 

Structural parts, outside of the engine or propelling ma¬ 
chinery, consists of three parts as f61 lows: 

(1) the fuselage or frame work or body; (2) the control 
members, as rudder, elevator etc., (8) the wings. 

The fuselage Is usually made of light wood (spruce) ma¬ 
terial and braced with wire and then covered with sheet 
aluminum or fabric. The control members are shown in 
charts 404, 401. 

Wing Construction. 

The wings are made as follows: (A) is the main or end 
wing rib, fig. 25, which it 
will be noted is curved or 
cambered; other Inside ribs 
are shown; B and Bl, are 
front and rear. 

Spars; 0 and D are thin 
braces running through the 
ribs; at the front or “lead- 
tag-edge,'' the material is 
wood or metal;-the rear or “trailing-edge" is small steel 
tubing and sometimes wire. 

The covering material of wing completely covers wing, above 
and below by being sewed and then varnished with a spe¬ 
cial varnish or “dope" to make material water-proof. The 
material used in most instances is linen, unbleached. Rub¬ 
ber proofed cleths of all kinds have been tried. 


The struts are the up-rights (figs. 28 and 24). They are 
made of various material. Spruce is used extensively 
which comes from California. They are cut in half-lengths, 
center scooped out to lighten them and glued together. Bam¬ 
boo was formerly used and steel tubes are sometimes used. 
The staggered strut is one placed at an angle, between main 
side ribs A and Al, as shown in fig. 24. This place* the 
upper wing in advance of the lower wing as shown at (D), 
which is termed “stagger." 

The gap is the distance between the upper and lower wing. 
On a “staggered" type, it can be less than when struts 
are vertical as shown in fig. 28. 

Overhanging is a term used, when the upper wing is longer 
than the lower wing and projects over lower wing at each 
side. 

Bracing Wires. 

Bracing wires, or as we would term it, guy-wires, are neces¬ 
sary. There are usually cross wires in between the ribs 
and spars which are covered oyer and cannot be seen. 
They assist in supporting the wing frame. 1 The wires at 
—wi i per fig. 24, are “incidence wires." The lift on the 
upper wing causes a tension as shown in arrows. The lift 
or push under lower wing causes a pressure against rear 
strut—fig. 24. Drift wires, fig. 27, take the resistance of 
the forward motion, the wires opposite are simply reinforce¬ 
ments, sometimes called landtag-wires. 



The wire, generally used is silver plated piano wire of No. 
26 or 28 sise. Although stiff, it is not tempered. The 
E_-_ method of fasten- 

'gfir.' ' • ..tag wire is import- 

. ■—* ^ \V ant. Pig. 26, shows 

Fig. 20 the end of wire (W) 

looped and fastened in a special fastening (E), which is 
connected with a turn-buckle (T), for tightening. An or- 
din ary loop or eye will give. 


The exhaust outlet of an 
airplane engine is usually 
arranged as shown at E. 






▲ Gtoared-Down Propeller. 

▲ geared-dewn propeller is used (fig. 15) 
where engine speed is higher than desired for 
propeller. 

Note the direct-drive propeller, chart 407. 



P—is propeller hub; 0—propeller shaft; 
OS—crank shaft; D—crank shaft extension; 
E—connects through disc (B) driving gear A, 
thence gear above it which is connected te 
propeller shaft. 

Early Model Wright Biplane. 

As a matter of information the illustrations 
are shown of this early machine. The eleva¬ 
tor planes (V) are placed in front of ma¬ 
chine. The one engine (M) drives two 
propellers (H). 

Instead of ailerons the upper wing tips (fig. 
23) and lower wing tips (fig. 24 below) are 
“warped." or flexed. This is a similar ac¬ 
tion to lowering and raising the ailerons as 
on other machines. 




mounted on its trolley; M, the engine; O, the 
driving chains; H, the propellers; P, the seats 
for driver and passenger; R—radiator. 


For instance, turning to the left; (1) rudder 
is brought to left; (2) aeroplane then makes 
turn and its outer tip or wing rises: (8) 
wings are flexed so that iflner tip of wing is 
depressed (in other words the warping of the 
wing causes the angle of incidence to in¬ 
crease) and rudder is put over to right: (4) 
inner tip then lifts and tries to slow down, 
but as the rudder opposes this tendency, the 
machine is kept on Its course. 




Fig- 23—Method of “warping" the 
wing tips on the early Wright biplane. 
Fig. 24—Method for “warping" lower 
wing tips. 


^ABT NO. 402—Miscellaneous Information. 
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There are a score or more airplane engines. 
To deal with all would require a book in 
itself, therefore only typical examples will 
be shown. 

Types of Engines. 

We will classify airplane engines as 
“ fixed type” and * * revolving cylinder 
type.” 

The fixed type is where engine cylinders 
are stationary and are made in 4 and 6 
cylinder vertical and 8 and 12 cylinder 
”V” type. This is the type in general use 
and is similar in principle to the automobile 
engine, especially of the racing type, which 
is designed for running at maximum speed 
for long periods of time. 

The 8 and 12 cylinder “V” engines are 
very popular, due to the low weight per 
horse-power. The flywheel is practically 
eliminated, as the propeller takes its place. . 

The revolving cylinder or ” rotary-cylin¬ 
der” type is the Gnome, (chart 403), a 
French invention. This style of engine was 
used extensively in small, high speed, single 
seated machines. Another is the La Rhone. 

A German machine used an engine of thia type, 
called the Fokker, but it was copied from the 
French. Roland Garroa waa the father of it. He 
uaed a Morane-Saulenier, a small, fast, single- 
aeater of French design. using the Gnome engine. 
Garroa contributed to its development of adding 
the method of synchronising the time of gun shot 
with time of propeller, in other words, so that he 
could shoot directly ahead yet not damage the 
propeller. This machine waa captured by the Ger¬ 
mans and improved and renamed the Fokker. 
These machines were soon discarded In favor of 
Biplanes. The rotary engine has also given way 
to the Used engine of the automobile style with a 
multiple of cylinders, lighter and more powerful. 

* Airplane Engine Ignition. 

Ignition Is usually by magneto. Two 
separate systems are usually provided, each 
having separate wiring and plugs. 

For instance, on the Wisconsin 6 cylinder 
engine, chart 405, there are two 6 cylinder 
magnetos. Both operate at the same time, 
and both are connected to the same spark 
advance lever. Should one fail, the other 
will still operate engine, but with slight 
loss in power. 

On the Wisconsin 12 cylinder engine, 
there are four 6 cylinder magnetos, two 
for each set of six cylinders. See chart 404, 
fig. (M1-M2). On twelve cylinder en¬ 
gines—two 12 cylinder magnetos could and 
are used on some of the other makes of 
engines. See pages 290 to 292 and Insert 
for 1 * Dixie * 9 magneto. 

On the Hall-Scott 6 cylinder engine, two 
€ cylinder magnetos are used and driven as 
shown in chart 407. 

On the Sturtevant 8 cylinder engine, 
chart 405, there are two 8 cylinder magnetos. 
Therefore it will bo noted that double igni¬ 
tion is provided. 


Spark Plugs. 

There are usually, two spark plugs per 
cylinder and due to the fact that nearly all 
airplane engines have overhead valves, the 
plugs are placed in the side of the cylinder. 

Spark plugs for airplane engine use must 
be of substantial construction in order that 
they stand the high compression—page 238. 

Engine Starter. 

The starting of engine by turning pro¬ 
peller by hand was the method formerly used, 
but self starters are now being placed on a 
great number of machines. The Christensen 
* * gasoline and air” method, explained on 
page 321 being a popular system. 

Fuel and Fuel System. 

Fuel used, Is gasoline. The Hall-Scott Co. 
recommend gasoline as follows; gravity 58- 
62 deg., Baume A. Initial boiling point 
(Richmond method) 102 deg. Fahr., sul¬ 
phur .014. Calorimetric bomb test 20610 
B. T. U. per lb. This latter part may read 
like Greek to the average student, but it 
means that the gasoline must be of a test 
which will produce a certain heat. For in¬ 
stance, a piston 10 sq. in. head surface 
and operating at a speed of 2000 ft. per 
minute would burn approximately 0.146 lb. 
of gasoline per minute. As one pound of 
gasoline contains about 19,000 British Ther¬ 
mal Units (the unit of heat—B. T. U.) the 
total heat generated per minute in the cyl¬ 
inder would be 2,774 B. T. U.'s at sea level. 

This will give a fair idea of the thermal 
(heat) conditions of an engine used for 
airplane work operating continuously under 
full load. Therefore the Calometric test is 
a test for measuring the heat produced— 
which is an important factor in airplane 
engines, (see page 861, meaning of B. T. U.) 

The fuel system used on most airplanes is 
the principle described on page 854, used 
on the Packard, by which the gasoline is 
forced to the carburetor by air pressure, but 
instead of being forced to carburetor, the 
gasoline tank is hung low and gasoline is 
fed by pressure to a small tank under upper 
plane, which feeds the carburetor. 

Lubrication. 

The force feed system is the adopted 
and standard method, an example of same 
is given on page 915. Note method of Pool¬ 
ing the oil. 

^Compression. 

The compression of airplane engines is 
somewhat greater than on automobile en¬ 
gines. As a rule the explosion pressure is 
four times the absolute compression pres¬ 
sure based on the assumption that the cyl¬ 
inder is filled with charge to atmospheric 
pressure at the beginning of the compres¬ 
sion stroke. 


The water cooled engine with multiple of cylinders developing large horse-power with cylinders made of 
aluminum with steel or cast iron liners and those with steel cylinders with welded steel jackets are 
proving to be the successful types of airplane engines. *8ee also page 293—Dixie magneto. 

•The reason for cooling the oil is due to the fact that an airplane engine usually runs at full power 
for long periods of time and considerable heat it generated, when petroleum oils are treated with air 
and oxygen at temperatures above 800* V., water and carbon dioxide are readily formed. The oil 
also loses its heavy lubricating film, so very necessary between bearing surfaces, and thins down to a 
point where the lubricating film is lost. Hence advantages of keeping oil at a low temperature. 
••The compression on a motorcycle engine, per Insert No. 3, as a general rule is also rather high 
where speed is desired, but on the 17. 8. A motorcycle engine, the compression is slightly lower than 
the average. This somewhat depresses the power curve, but engine will run better on wide open 
throttle at lower speed, enabling machine to “hang-on” with great tenacity and pull with power 
through sand, mud, etc. The U. S. A. motorcycle engine is similar to engine shown on Insert No. 8, 
with overhead inlet valves at 45 degrees. Sea also pages 793, 817, 629, 626, 640 on compression. 
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A, A—engine carrier; B—stationary crsi&k- 
R ah aft; 0, 0*— a tart m* gears; D—accessory 

driving gear; E—-carrier plate; F—dtetribn* 
tor ring; G—distributor brush; H—tbmat 
plate; I—mother connecting rod; J—small 
conecting rod; K— cam distributor; L—end 
plate; M—nose; N—propeller hub; O—plane* 
tary timing gears; P—gasoline noiile; Q—-oil 
pipe; T—exhaust valve push rod; S—rocker 
arm; B—exhaust valve. Cams operate half- 
speed and there ia one for each cylinder. 


atc.TkON k% 


Fig. 4 0—Gnome revolv¬ 
ing cylinder airplane engine 
-—see also page 138. 


The word monosoupapo 
means single - valve + >p 
Each cylinder has but one 
valve (exhaust). The charge 
of gas taken from crank 
rase is compressed in head 
of cylinder as explained 
below. 



A—air pressure pipe; B—fuel pipe; N—revolving cyl¬ 
inders; D pulsation gauge for oil feed: E—fuel con¬ 
trol valve; F—fuel tube to crank case: G—air pressure 

gauge; E—hand air 

pump; J —* starting 
handle; F — a a rial 
screw or propeller. 
Oastof oil used to a 
great extent for lu; 
bri cation. 


Gnome Engine Fuel System. 

Fuel system. Gasoline is fed to crank case 
through a shut-off valve (E) t through tube (F), 
through hollow crank shaft to a spray nosxle lo¬ 
cated in crank case. There la no throttle valve or 
carburetor. The gasoline in gasoline tank Is under 
5 lbs. pressure per sq. in. t>y air pump. When 
cylinders are within 20 • of end of inlet half- 
revolution, a series of small inlet ports all round 
the circumference of wall is uncovered by top edge 
of the piston whereby the combustion chamber la 
placed in communication with the erank chamber. 

The crank chamber is at atmospheric pressure and combustion ohamber is below atmospheric, 
result is, a suction is created which draws gas from the crank chamber to combustion chamber. The 
air for mixture is provided by admission through exhaust valve during first part of tho inlet stroke. 
Originally an inlet valve was located in oenter of piston head—this is not now used. 


Side view, mounted for testing. Model B-2; 
XL F.—100; cylinders, 9; boro, 110x150 mm.; 
weight with ignition 272 lba.; gasoline consump¬ 
tion per hour, 12 gel.; oil consumption, 2.4. 


Gnome Ignition. 

One high tension Splitdorf magneto is provided, located in the thruat plate in an inverted posi¬ 
tion and driven at a speed to produce 9 sparks (9 oyl. engine), for every two revolutions—that is, 
at 214 times engine speed. A distributor is shown in top illustration, mounted separate at (F A G). 

—continued on next page. 


GHABT NO. 403—The Gnome Monosonpape Bevolvlng Cylinder Engine—made by The Geaenl 
Vehicle Co., Long Island City, N. Y. 

(From Automobile and Automotive Industries and Motor Age.) 
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Gnome Ignition—continued. 


Fig. 10 —Wiring of ignition ogotom uood 
on Onomo engino 


In the Gnome seven-cylinder engine there ere 
three end e helf explosion! per revolution, or 
■even every two revolution*. The firing order 
is 1-8-5-7-2-4-6. 

In the fourteen-cylinder engine the firing or* 
der is the seme, with one set of cylinders alter- 
neting with the other end giving twice es men7 
explosions per revolution. 

The wiring of the Ignition system is shown in 
fig. 10. It will be noted thet the brush A meke* 
contect with the metellic sectors B e* they pess. 
Each sector is connected with its corresponding 
sperk plug 0 through wire D. As the sector 
passes over the brush a spark is produced in 
thet cylinder end the charge fired. The high- 
tension cable E connects the high tension terminal 
of the magneto F to the brush. On the earlier 
forms of the Gnome engine the magneto remains 
stationary and in an inverted position. The gear 
G is keyed to the magneto shaft and engages with 
the large gear H which turns the cylinders. 


The Wisconsin Airplane Engine. 


Six cylinder engine; bore 6 in., stroke 6% in., weight 600 lbs.; h. p. 130 at 1200 
r. p. m., and 145 h. p. at 1400 r. p. m. 


Oiling system, force feed through crank shaft. Oiling system arranged so that it will feed when 

climbing si an 
incline of 15 *, 
and 80* when 
gliding. 

Valres are 8 in., 
placed in head at 
25° angle and op¬ 
erated by an over¬ 
head cam shaft. 
Exhaust doses 
10° late; inlet 
opens 10* late: 
exhaust opens 55* 
early and inlet 
closes 55* after 
bottom. Cylin¬ 
ders cast in pairs. 

Water circulation, 

6 cylinder; one 
centrifugal pump 
(W); on the 12 
cylinder there are 
two pumps. 






TWELVE CYLINDER^—END ELEVATION. 

Fig. 8—Wisconsin 12 cylinder “V” 
type engine. M1-M2— magnetos; 
V—valves; O—arm operating valves; 
O—cam operating arms and of over¬ 
head type; OB—carburetors; IN—in¬ 
let manifolds; SP—spark plugs; B— 
breather; G—oil gauge; R—double oil 
pump. There are three oil pumps on 
the 12. Exhaust outlet is directly be¬ 
low the letter (Y) above. 



The cam shafts and magnetos on the 12, are driven by a 
train of ball bearing spur gear* from the crank shaft. Double 
ysIt# springs are also employed—the inner spring acting as a 
safety to prevent valve falling into cylinder should main valve 
spring break. Ignition, see page 909. 

Oarburetion; one carburetor (OB) is used on the 6 cylinder 
engine and two on the 12 cylinder engine. 

Specifications of 12 cylinder engine; bore, 5 inch; stroke 
6% inch; weight 1000 lbs.; h. p. at 1250 r. p. m. 250; 
h. p. at 1400 r. p. m. 280. 

T—sprocket for starting chain; P—single oil pump; PI from 
oil reservoir to pump; P4 and P6—overflow from cam shaft 
housing. 


CHART HO. 404—Gnome Engine Ignition. Wisconsin Six and Twelve Cylinder Airplane Engine 
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AIRPLANE SUPPLEMENT. 


The Sturtevant Eight Cylinder Airplane Engine. 


Illustration is that of the Sturtevant 8 Cylinder V-type engine. It is made in 140 h. p. with 
4 in. bore x 5)4 in. stroke and 4Vs in. bore with 5V4 in. stroke developing 210 h. p. The normal speed 
is 2250 r. p. m. of crank shaft. 


Valves are in head and operated by push rods; cylinders are cast in pairs; pistons aluminum 
alloy; rings, there are two to each piston; crank shaft, nickel steel 2V4 in. di. 



Parts of Sturtevant 8-cyL engine; M—magneto; IN—inlet manifold; OL—cylin¬ 
ders; SP—spark plugs; W—water pump; B—breather; E—exhaust; FB—support 
to which engine is attached; B—push rod; O—rocker arm operating valve V; 
6 -—oil outlet, auxiliary tank; 5—where tachometer shaft connects; 4—inlet to 
oil supply pipe; 8—double water inlet; 2—water outlet 1V4 in.; S—starting crank. 


The Hall-Scott Airplane Engine 


Carburetlon 
Zenith "du¬ 
plex'* shown 
on page 182. 

The inlet 
pipes (IN) 
are water 
jacketed. The 
fuel is fed by 
gravity. 

Circulating 
pump (P) is 
shown be- 
tween inlet 
pipes. 

Engine lu¬ 
brication by 
force feed. 

Ignition by 
two 8 cylin¬ 
der magnetos; 
spark plugs— 
two to each 
cylinder 
mounted in¬ 
side of cylin¬ 
ders in water 
cooled bosses. 


is described on pages 918 to 915. Two views are shown below of the type A-5—six cylinder engine. 
The four cylinder engine, type A7 and A7a are similar in construction. 

Name of parts lettered: B—oil jacket circulating oil around inlet manifold to cool it; R—pipe for 
draining oil from cam-shaft housing back to crank case; J—water pipe from pump to inlet manifold 
(see page 914); K—pipe from auxiliary oiler (O) to crank case, for cylinder lubrication; If—nag 
netos; Z —spark advance lever rod; 0-—cam shaft housing cover; B—carburetor; IN—inlet pipe; V— 
vertical drive shaft housing. 



Sectional view 
of one cylin¬ 
der. Note the 
cam operation 
and inlet mani¬ 
fold on the 
left; exhaust 
to the right. 



Front view 

of Hall-Scott 
type A5—six 
cylinder air¬ 
plane engine. 


HART HO. 405—The Sturtevant Eight Cylinder “V” Type Airplane Engine. The Hall-Scott Six 
y Under Airplane Engine— see also pages 913, 914, 915. 
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The Hall-Scott Airplane Engines. 


Are made in four types as follows: type 
A-7, 90 h. p., 4 cylinder; type A-7a, 100 
h. p. y 4 cylinder; type A-6, 125 h. p., 6 
cylinder; type A-5a» 150 h. p., 6 cylinder. 
This h. p. is developed at 1300 r. p. m. 

Cylinders are cast separate and made from 
a mixture of grey and Swedish iron. Inner 
walls of cylinders and valve seats are hard¬ 
ened and ground. 

Valves. 

Valves are overhead operated by an over¬ 
head cam-shaft. 

Valves are placed in head of cylinders 
at a slight angle. The valves are operated 
by an overhead cam shaft enclosed in a 
housing (see page 914). The valves are 
one-half the diameter of the cylinder bore 
and are made of Tungsten steel. 

The type A-5, ft cylinder engine has a 
bore of 5 in. and 7 in. stroke. Weight of 
type A-6 complete, is 666 lbs. 

Cam Shaft. 

Cam shaft is made of chrome nickel forg¬ 
ing and the four cam shaft bearings are 
made from Parson’s white brass. A small 
clutch is milled in rear end of shaft to drive 
the revolution indicator (tachometer). Cam 
shaft is enclosed in an aluminum housing 
and driven by a vertical shaft with bevel 
gears. Oil is forced through end of this 
shaft permitting surplus supply to flow back 
to crank case. 


can be slipped under the bar, it will be easy to 
force the valve cup and spring down ao the email 
key can be readily removed. This will allow the 
removal of both valve apring and cup. Take out 
the valve and clean it thoroughly, also noting 
whether or not the atem ia clean, or otherwise 
in good condition. Replace the valve and grind 
by rotating it back and forth with a screw driver, 
the grinding paste being between the. valve and 
the seat. Care should be taken to raise the valvo 
from its seat frequently while grinding. This pre¬ 
vents grinding a groove in the seat. 

Connecting Rod. 

The connecting rods are I-beam type very 
light. Piston end is fitted with gun metal 
bushing while crank pin end carries two 
bronze serrated sleeves tinned and babbitted 
hot. Laminated shims are placed between 
cap and rod for adjustment. 


Fig. 1—Setting of adjustable set screw (S) 
in rocker arm (A) in relation to the valve 
stem (R). In other words the method of 
setting valve-clearance on all types of Hall- 
Scott engines. The clearance should bo .020" 
when valves are seated. 

Valve and Ignition Timing. 

Valve timing on type A-7 and A-5 engine 
is as follows; exhaust closes 16° late; inlet 
opens 10* late; exhaust opens 46° early; 
inlet closes 40* after bottom. Magneto is 
set to fire 27* before top of compression 
stroke—advanced. Firing order: 4 cyl. en¬ 
gine, 1, 2, 4, 3; 6 cyl., 1, 5, 3, 6, 2, 4. 

Valve timing In type A-5a and A-7a engines: ex¬ 
haust closes 10° late; inlet opens 15* late; ex¬ 
haust opens 54° early; inlet closes 45* after bot¬ 
tom. Magneto setting same as A-7 and A-5. 

Curtiss OX2 valve timing: Ex. opens 50* before 
bottom; Ex. closes 10* after top; inlet opens 14° 
after top; inlet closes 48° after bottom. Average 
valve stem and rocker arm clearance .010". 

Grinding Valves. 

To grind the valve seats, place a bar, having 
two holes through same, down over the two cam 
shaft housing hold-down studs opposite the valve 
to be removed. Replace the two nuts. Remove 
the cotter pin in valve stem under the valve spring 
sup. Using a special Hall-Scott valve tool which 


Pistons. 

Pistons are aluminum alloy. Note piston 
pin is placed very low in order to keep heat 
from piston head and away from upper end 
of connecting rod, as well as to arrange 
them at the point where piston fits cylinder 
best. 

The Magnalite piston is used to a great extent. 

Piston rings are M inch wide. There are 8 
to a piston. 

Oiling System 

Oiling system is known as the high pres¬ 
sure or force system. A gear pump is lo¬ 
cated in the inBide lower portion of the oil 
sump—see page 915. 

Gasoline System. 

Air pump is power driven and maintains 
pressure in the gasoline tank and is a simi¬ 
lar system to Packard, page 854. A hand 
pump is also provided so that pressure can 
be obtained before engine starts. 
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The purpose 
of the two 
flexible tube* 
running from 
crank case to 
Jaeket (B) 
around inlet 
muni fold is 
explained on 
page 916. 

C cam shaft 
bousing; V. 
vertical abaft 
drives c n tn- 
ahaft; IN, In* 
let manifold. 


Ignition by 

twn Dixie (S 
Cjl.) mftg [Ki¬ 
tes (M). The 

carbon brush 
On distributor 
should be re- 
moved and 

cleaned after 

each flight. 

Both magneto 
interrupt era 
■re connected 
to a rock shift 
integral with 
the engine. 
There are two 
spark plugs to 
each cylinder 
and gap should 
be .016. 


Carburet Ion ia 
by means of 
s duplex Zen* 
ilh carburetor 
having one 
dost chamber. 

The carbure¬ 
tor (R) is 
placed adja* 
cent to the 

engine base 
from which it 
receives i t s 
warm air. Oil 
ia taken direct 
from o r a n k 
case and ran 
around the 
car bnretor 
manifold (B), 
which aMiata 
carbnr e11o n 
as well as re¬ 
ducing crank 
case hast and 
cooling the oiL 

Exhaust dL_ 
of Hall Scott 

type A5 — 
*i*, cylinder 

engine. 


Cam shaft ia one 

piece with cams, air 
pump eccentric and 
gear flange integral. 


Cooling: The uni* 
form trmperatura 
of the cylinders is 
maintained by the 
use of ingenious internal on Hat pipes 
running through the head of each of 
the six cylinders, with water outlet 
m these pipes toward the exhaust valve aide of the 
cylinder head. A centrifugal circulating pump (P) 
is used for water circulation. (J) Is water inlet 
pipe to intake manifold. 


Inlet aid* of 
Hall - Scott 
typo A-5 — 
■Lx cjlindtt 

engine. 



a 

Cam shaft housing is aluminum. Cum* shaft ih placed overhead and driven by a verticil 
shaft driven by bevel gears G6 and gi-ar G7 on crank shaft, see page 015 


OHABT NO. 400—Hall-Scott Six Cylinder Airplane Engine—continued, 
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Magneto and Gam-Shaft 
Driving Gears— 
Hall-Scott. 


Fig. 30 


5—shows position of no. 1 cyl- 
P / A. inder cams when no. 1 piston is on 

/ \ y / \ M top of dead center of compression 

.mrN w /IPiy stroke. When timing, the mark 

3 n flbi'r Gsli ,= i>p \ A- Jr.'Sl id (1) on crank shaft flange (flg. 

J4 ItS |—11 Ilf-? xJT 80), is brought true with mart 

1J J1—Fi yft r —' 1 U (2) on cran ^ case. It is stamped 

„ I„ . \}\ I L TT J "T. 0. 1-6,*’ meaning, 1*6 cyl- 

i G 5 inders are on dead center. A 

] mark {8) is provided on vertical 

G • gliiilii shaft flanges. These must be set 

( A _ 07 _lh —7 in dead center position as shown. 

V 1 II—I—i The cam shaft with housing Is 

_ _Jr now slipped into place. Note mark 

U p r .J U-(4) on cam shaft gear—this should 

_ line up with mark on bottom of 

DIAGRAM OF MAONITO AND CAM SHAFT DMIVINO SCAM IN HA LL-SCOTT. Tvro A *, in h. p. KNOINC. Cam Shaft gear hOUSlng.* 

Magneto installation, after assembly as above, take magneto marked (L) at base (meaning left 
hand), remove distributor, turn magneto shaft until hole with red ring, lines up with red mark on 
magneto body. Ineert magneto left hand and magneto right hand. After gears are meshed, be sure 
holes on gears are directly in line with red marks in magneto body. Both magneto breaker points 
should synchronise or break at same time. 

Oiling Diagram. 

1 — excess oil from bearings 
flows into reservoirs between; 

2 — oil overflows into overflow 
pipe; 8 —oil comes out of over¬ 
flow pipe and after oiling gears, 
excess oil flows down through 
magneto gear housing into 
sump; 4—individual oil pipe 
from distributor to each cyl¬ 
inder, automatically injects oil 
onto pistons as each one passes 
oil port; 6 —oil rings on pis¬ 
ton, oil circulates into hollow 
wrist pin, oiling upper end of 
connecting rod; 6 — section 
through piston, showing hollow 

| -h wrist pin;7—relief valve and 

K- 1 by-pass at end of main oil pipe, 

through which excess oil flows 
back into sump; 8 — oil is 
pumped through pipe to cool¬ 
ing reservoir on gas intake 
manifold; 9—reservoir of oil 
in sump; 10 —oil pump; 11 — 
oil suction to pump; 12 —oil 
strainer and clean out plug; 
l ‘I 18—oil comes from auxiliary 

Diagram of Hall-Scott type A-5 engine oiling system. Heavy dotted band pump into hollow cam¬ 
lines and arrows show direction of oil flow. Note the method of shaft; 14 -oil flows from cool¬ 
cooling the pil—see 8 and 14. *“g reservoirs down into main 

Oil is flrst thrown from strainer ( 12 ) by pump, to long jacket (OJ) Jg_individual leads to bottom 

around inlet manifold, thence forced with a pressure of from 8 to of Mch m^in 

80 lbs. to distributor pipe (15) in crank case. An independent oil- 17 _excess oil from bearinn 

} n J, »y»tem using a amall direet drive rotary oiler, feeda oil to each dripT into srappm on crank 
individual cylinder. cheeks; 18—hollow crank pin. 

The oil is cooled by circulating it around the long inlet manifold which oils connecting rod bear- 
jacket in such a manner that the carburetion of gasoline cools it. ing; 19—baffle plates. 

_ 13 (Wfcw/ 

» Propoller Bearing. 

9 ~ r| Details of propeller don- 

1 > fr -mm || ble thrust bearing used on 

]; ",fBp the HaU-Soott engines. For 

__TTTTrl i5 I ^ i 6 XV or trsctor trpe pr °- 

irfft it£ : 1= 

! washer; 4—nut on inner 
thrust; 5—crank shaft; 6 — 

_. collar thrust; 7 — upper 

-5 crank case; 8 —-lower crank 

\ mmmrts+wmmmmmmmmm* _ case; 9 — thrust bearing; 

JgEa ^l 10 —screw for thrust collar; 

' i VTP 77 ^ 11 —Propeller flange: 12— 

' aft 1 JWvJ ' $ crank shaft flange; 18—pro- 

f> >■ 3 j \ M peller bolt nut; 14—propel¬ 

ler bolt; 15—spacer for 
J - thrust bearing: 16—Wisher 

10 for crank shaft nut; 17-18 

—rear bushing for rear 
bearing of engine crank 
U shaft. 

GHABT NO. 407—Details of Hall-Scott Engine. Propeller Bearing. 

8 eo page 295 for speed of cam-shaft and magneto of a six cylinder engine. When crank shaft turns once; m 
neto armature turns 1 % rev.; distributor on magneto ft rev.; cam-shaft % rev. 

•The gear clearance is .020" except gear G7 & G6 which is .010"; bearing clearance is .001" and spark plug gap .015 

i 
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AIRPLANE SUPPLEMENT, 


Mercedes Engine. 



Two Mercedes engines of 260 h. p. each are used on the Gotha airplane. These are of the six- 
cylinder vertical tandem type with the cylinders made singly and their waterjackets connected together 
by joints. There is a slightly greater distance between cylinders Nos. 8 and 4 than between the other 
cylinders. 

Cylinders; the water- 
jacket of each cylinder 
is connected by a joint 
to the jacket of the ad¬ 
jacent cylinder, and each 
cylinder is separately se¬ 
cured to the crankcase. 

Cylinder bore, 160 mm. 
(6.8 in.), stroke, 180 
mm. (7.00 in.), and the 
engine develops from 
258 to 260 h. p. at 1400 
r. p. m. 

Cylinders are of the 
1 ‘built-up" type (fig. 
18), composed of steel, 
machined. Sheet steel 
is pressed to form water 
jacket and is acetylene 
welded. 

Cylinder barrels are 
screwed into cylinder 
head at (T). They are 
machined from forgings 
and cylinder walls taper 
from 8.5 mm. at top to 
6 mm. at bore or flange. 



Stiffening ribs (0) are aranged as shown. 

Cylinder heads are machined from steel forg¬ 
ings, and into these are built 4 valve pockets, 
also inlet and exhaust ports. Beatings fer 
valves are machined in the cylinder heads. 
Valve pockets are machined from steel and are 
acetylene welded into heads. Exhaust valve 
guide has a greater water space than inlet. 

The hourly consumption is equal to 76 liters 
(20 gal. of gasoline) and five liters (1.82 gaL) 
of oil. 

A single carburetor is installed, instead of the 
dual or two combined caitouretors on the 170 
h. p. engine and the two separate carburetors on 
the 285 h. p. The carburetor is located at the 
forward end of the engine and draws its air 
through the crankcase, through "air inlet," 
thence through "in," which tends to heat the 
mixture and to keep the crankcase cool. ▲ sin¬ 
gle inlet pipe of enormous size extends from the 
carburetor. Carburetor is water jacketed at (W). 

Ignition is by two Bosch ZH6 magnetos (M), 
connected to the camshaft (fig. 12) which latter 
extends horizontally across the tops of the cyl¬ 
inders. 


Spark plugs—there are Jwo, to each cylinder (SP). 

Valves; there are four valves in each cylinder—see figs. 18 and 14. 
The two exhaust valves are on one side and two inlets on opposite side. 

When starting—a compression relief mechanism with a hand lever (H, 
figs. 11 and 12) is moved to the side, whieh displaces the camshaft by 
throwing into play, small cams located opposite the exhaust cams, whieh 
keep the exhaust valves open during part of compression stroke, thus re¬ 
ducing the compression. 

Cooling is by water. The water pump driving spindle is lubricated 
while in flight by means of a ratchet-driven grease gun or pump, worked 
by a cable and lever from the pilot's seat. 

An electrical tachometer is driven at engine speed from the rear end,of the camshaft, through 
a flexible shait. 

Fuel—an air pump is driven from front end of cam shaft, for providing air pressure to gasoline 
fuel tank. 

Oiling system: forced lubrication is, of course, employed. A four-throw eccentric-driven plunger 
pump is fitted. An "auxiliary" sump in the front end of the crank case is embodied, and small 
supplementary pump plungers, which work in conjunction with the main oil pump, feed fresh oil 
into the system from the service oil tank, which is connected to oil pump at (O), fig. 11. 



OHABT NO. 408—The Mercedes 260 H. P. Airplane Engine as used on the Gotha Biplane, fig. 2, 
chart 399. , (Automobile and Automotive^ Industries.) 
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Fig 1. Illustration showing the engine installation of the Hall-Scott, type A-6, 126 h. p. six cylin¬ 
der engine. Also the gasoline system and auxiliary cam shaft oiling system. Note gasoline air pressure 
pomp is operated by cam shaft. There is also an auxiliary hand air pump. The air pressure (not under 
3 lbs) forces the gasoline through gasoline outlet pipe to carburetor. On some 
systems another small auxiliary tank is provided above carburetor, about 2 feet, 
to which the gasoline is forced by air pressure and then the gaaollne Is fed to 
carburetor by gravity. Note the auxiliary hand lubricator for cam-shaft, A 
water jacket (w) surrounds the injat manifold to heat the mixture per page Jw 
16T. The lubricating oil circulates around inlet pipe in jacket (OJ). A 

see page 915. 


Tig. 3. Wiring diagram, HaU-Scott A-6, 6 cyl. 126 h. p. engine. There 
are two magnetos, or two independent ignition systems with a set of spark 
plugs (P) for each system. Center numbers are cylinder numbers, assuming 
that cyl, No. 1 is the first cylinder. The numbers at top and bottom in white 

rings correspond with distributor numbers. The firing order is 1, 5, 3, 6, 2 4 


Distributor brush (B) is on cyl. No. 1, the next to fire will be cyl. No. 5 (distributor connection No. 2) and 
etc. Both systems can be used or each seperrtely by operation of magneto switches. * 



Fig. 22: Illustrates how a single radiator is Installed 
in the front, overhead and water connection thereto. 
Note the thermometer is the distance or extension type 
“Motor meter" described on page 921. 



Fig. 21: Illustrates how two radiators are in¬ 
stalled, one on each side of engine. These illus¬ 
trations are Hall-Scott type A-7a, 100 h. p. four 
cylinder engine. 


OHABT NO. 409—Gasoline System; Ignition, Firing Order *nd Radiator Installation on Hall-Scott 
Airplanes. 
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AIRPLANE SUPPLEMENT. 



Hispano Suiza Engine. 

Model E, 180 h. p. V-type 8 cylinders. Two sets 
of spark pings. Two magnetos are carried at front 
end. Valves are actuated from cams by an over¬ 
head cam shaft on each cylinder block and the car¬ 
buretor is hung centrally. Bore is 120 m. m. and 
130 m. m. stroke (approximately 4%x5Vfc). Weight 
is approximately 450 pounds including magnetos, 
carburetor, but without radiator or exhaust pipes. 
Speed 1,450 r. p. m. Pistons aluminum alloy. 
Connecting rods forked. Crank shaft has 5 bear¬ 
ings. Illustration shows the rear view of engine. 


Kama of Parts. 

1, cylinders; 3, inlet manifold; 6 f part of inlet 
manifold with hot water jacket; 6, carburetor du¬ 
plex type; 8, water pump; 9, water pipes; 10, mag¬ 
netos; 12, oil circulating pump; V, overhead cam 
shaft housing; E, exhaust; B, breather pipe to 
crank case; P, spark plugs; R, housing for shaft 
driving overhead cam-shaft; OR, crank case, lower 
part; Cylinders are set at an angle of 90 degrees. 


Wiring Diagram of a Twelve Cylinder V-Type Airplane Engine Using Separate 
Distributors, Two Magnetos and Showing Radio Connections. 

On airplane engines of the 12 cylinder V-type with cylinders set at 45° angle between the two rows 
of cylinders, magnetos of the high-tension type are sometimes used, with distributors driven separately and 
employing a separate high-tension magneto for starting—see illustrations below and page 922. 

The magnetos operate IVt times engine crank-shaft speed. The distributors revolve 1 rev. to 2 of en¬ 
gine crank. The distributor segments are spaced 87 % # and 22 % ° apart, alternately. For automobile 
work this would cause an uneven impulse at very low speeds, but for airplane work where engine is 
rnnning at full speed, it is not noticeable. The advantage for airplane work is to use a smaller hood and 
reduce head-resistance. If distributor revolves % speed of engine crank-shaft, then firing relative to 
crank would be 75° and 45°. Magneto armature produces current at 67% and 112Vk degrees—a spark¬ 
ing range of several degrees permits this. Magneto produces 4 sparks per revolution. 

Propeller end 

^ ” Oiitribiulqr 

/ on right 
aide 



Two magnetos are here used, each produc¬ 
ing a spark in each cylinder at the same 
time. A separate high tension geared up 
magneto for starting by hand cranking is an 
auxilliary source. A trailing pin in distri¬ 
butor is set later than main distributor brush. 

The magnetos are commonly set on the en¬ 
gine so that the spark occurs from 28 to 28° 
ahead or in advance of dead center position 
of piston; 

Referring to meaning of R and L above, 

’ note R cable from spark plugs connect with' 
distributor on the right and L cables with 
. distributor on the left. 

Firing order of above twelve cylinder engine is 1, 12, 5, 8, 3, 10, 6, 7, 2, 11, 4, 9—refer to numbers to 
the side of cylinders. 

Firing orders 8 cyl. airplane engines; Sturtevant, 4L, 1R, 2L, 3R, 1L, 4R, 3L, 2R (see diagram fig. 2, page 
131); Hispano-Suiza, 4L, 1R, 3L, 2R, 1L, 4R, 2L, 3R; Curtiss OX2, 4L, 4R, 8L, 8R, 1L, 1R, 2L, 2R. 
Castor oil is considered an ideal lubricant for airplanes of both the revolving and stationary cylinder type, 
for the following reasons as stated by The Baker Castor Oil Co., N. Y.: higher viscosity, lower heat con¬ 
ductivity, no carbon, higher fire test, higher flash test, lower cold test and will not mix with mineral oiL 


CHART NO. 410—Hispano Suiza Airplane Engine. Wiring Diagram 12 Cylinder V-Type Airplane 
Engine. Firing Order 8 Cyl. Engines. Castor Oil. 


*Note the 12 cylinder engine page 135. has cylinders 60° angle. (Two lower illustrations courtesy Motor Age.) 
The above wiring method is the same as used on the Liberty Engine, except Delco coil and battery, distributor 
and timer ignition system is used instead of magnetos—see pages 938 and 939. 
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Measurements; Upper wing * pail 36.7 
ft-; chord 4.69 ft. The gap Lb 4.38 ft 
and the slugger 1.31 ft. Angle Q f i nc i* 
deuce of upper plane is 2,8 deg. In cen¬ 
ter and 2.5 deg. at the tip, while the 
lower plane has a uniform angle of 1.5 
deg. 

* h ® » i,e ™ n »- (») moTement of th. con- 
troi snait is transmitted by means of a lever (20) to a rocker fmnnnrt«<i 

a position between pilot's and observer’s cockpits (5). The rods_which 

rest in the bottom wing—engage with a downward projection of the rocker. 

2 oW* I®® & pe Hispano-Suisa engine, which develops 200 h. p. at 
2.000 r. p. m. The two-bladed air screw is geared down, by means of 
gearing incorporated with engine in ratio of 4*3 7 ean * or 

Fuel: ▲ main fuel tank with pressure system has a capacity of 37 gal and forms the nilots seat wh« 

p.Titr tank holding 2.65 gal. i» mounted in the upper wing, between the spare. The fuel capacity is enfficient tor 

two hours flight. Oil tank holds 4 gal. and rests on floor of body behind engine. Bottom of oil tank 
TK r b ^ £or . CO J? ,ing t J e ll 0,1 i Ea<U f t S r provided T with Gutters and forms nose of fuselage. Iirnt^ema; on tk2 
right, the starter and hand operated air pump. In center; two switches, one three-way cock for pressure tank 
and connecting with either hand or engine air pump, one three-way cock handle for turning on or off glsoltae 
from tank to carburetor, one tap for turning engine air pump off pressure tank, one manometer (water 3rcula£ 
ff»tre) and revolution indicator. On the left: the gas lever, lever for regulating the mixture and lJiw 
operating radiator shutters. No provision is made for advancing or retarding the magneto Weight of 
empty, but including the cooling water 1680 lbs. Item weights; engine 480 fi>s.; c^lSgwater 69 6 lb.” wf™ 

370.0; elevator and rudder 43.8; body etc., 710.0; total 1673.4 lbs. Loading pUot fnd observer 874 0 lb?* 

armament 179.0; instruments, etc. 7.7; fuel 264.0 or total 824.7. P . e er 074.0 lbs., 

0 

Types of Airplanes. 


Are divided into types as follows: 

Combat machines; small fast single-seaters. Wing 
spread of from 20 to 25 ft., speed 125 to 135 m. p. h. t 
450 lb. carrying capacity. Climbing speed 10,000 ft. 
in from 8 to 12 min. The spad, Nieuport, Morane, Our- 
tiss-Triplane, S-E-5, Sopwith, Dolphin, and Iserman 
Albatross single-seaters are examples. 

Reconnaissance and photograph machines; slow flying 
—used for artillery spotting, map making and general 
reconnoitering. Wing spread from 40 to 60 ft., speed 
f 80 to 100 m. p. h., 800 to 900 lb. carrying capacity. 
Two or three seaters. Climbing speed 10,000 ft. in 
12 to 25 min. Examples are; De Baviland, Bristol, 
Voisin and Farman. 

Battle planes; a two or three passenger machine, 
driven usually by one large or two fairly good-sized 


engines. Equipped with a number of machine guna, 
sometimes a cannon. 70 to 85 m. p. h. The Voisin an 
example. 

Bombers; same general type as reconnaissance ma¬ 
chines, but slightly larger. Vary from 45 to 90 ft. in 
wing spread, carry two to twelve people in addition to 
war load of bombs and fuel. Speed 75 to 100 m. p. h. 
Radius of operation 500 to 1000 milea. Climbing speed 
7000 ft. in 30 min. Examples: Handley-Page, Caproni, 
Breguet, the Coudron (twin-engine, French), German 
Gotha, Friederichshafen, German AEG, and big Cur¬ 
tiss boats. 

Naval work; flying boats and hydroaeroplanes of va¬ 
rious sizes are used. They compare with reconnaissance 
machines, 90 to 100 m. p. h. The large 92 ft. wing 
spread Curtiss flying boats are good examples. 


PART NO. 411—The Spad Two-Seater Biplane. Types of Airplanes. 

Automotive Industries, The Automobile). See page 902 for name of numbered parts. 
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Altimeters. 

Two types of altimeters in general use, for determining the altitude, are the Mercury Barometer and 
the Aneroid Barometer. 

Mercury Barometer, fig. 1, indicates altitudes by the rising or falling of the mercury in the glass tube. 
Note the bulb is filled with mercury and opening (OP) permits the outside atmospheric pressure to act 

upon the mercury. At sea level the mer- 

® cury would stand at point indicated at 

30 in. high, marked sea level. At an 
altitude of 19,000 feet the mercury would 
drop to point indicated, because the at¬ 
mosphere is less dense or lighter, being 
only 7.3 lbs. per sq. in. which pressure 
is not sufficient at (OP) to force the 
mercury as high as at sea level. Thus 
the mercury drops, as altitude increases. 

If a height could be reached where there 
is no air pressure at all, then the mer¬ 
cury would drop the full 80 inches, or to 
the level of mercury in bulb, indicating 
no pressure at all at (OP). Note the 
mercury column does not drop in direct 
ratio to change of altitude, because higher 
the altitude, the atmosphere is less dense, 
and a further distance is required to 
travel in order to obtain the same varia¬ 
tion in pressure. For example, starting 
from sea level, a movement up and down 
of 900 feet will cause mercury column 
’ IN * to move down and up one inch, whereas, 

at an altitude of 40,000 feet it would require movement up and down of 
4,000 feet to represent 1 inch movement of the mercury column. 

The mercury barometer can also be read in inches, for instance, mer¬ 
cury at 25 inches would represent an altitude of 5,000 ft. and air pressure 
of 12.5 lbs. per sq. inch. 

? 5 5 - ■ When going below sea level, say down in shafts, the atmosphere increases 

with the depth, equal to about 1 inch rise of the mercury in the barometer 
wSSKf'V * or each 900 * eet in c re *®e in depth—going above sea level air becomes 

% lighter and mercury drops. 

** Aneroid Barometer, fig. 4, differs in principle. Fig. 2 shows the 
HP *$$$$* rst. vacuum chamber before the air is removed. It consists of a metal box of 

, two thin, circular and flexible metallic discs, corrugated on each surface and 

.forming a closed box. If air is pumped out at (T) and sealed, a vacuum 

„ hg l , riE E is formed inside and the top and bottom would collapse as in fig. 3, became 

there would be no air pressure inside, yet, on the outside, if *t sea level, 
the air pressure on top and bottom would be *14.7 lbs. per sq. inch, hence 
reason for its closing together as shown in fig. 3, after all air is withdrawn 
or a vacuum formed. 

** ^ T If this vacuum box or chamber fig. 3, is taken to a height where the 

/—altitude, say is 19,000 ft. above sea level, the air would be less dense or 

--much lighter, being only 7.3 lbs. to the sq. in. Therefore as the pressure 

outside of vacuum chamber is not as great, the flexible discs would tend to 
open out, due to the flexibility of the metal top and bottom of vacuum 
chamber, trying to assume normal position. 

If an altitude could be reached where there is no air pressure at all, 
FIG. 3 T which is an unknown height, the vacuum chamber discs (top and bottom) 

m mi ni would open out to their normal position, as outside pressure would be 
-■wv-v/- nothing and inside pressure nothing. Therefore the amount of air pressure 
exerted on the outside of the vacuum chamber causes the top and bottom 
to move, this movement is taken advantage of mechanically, as shown in fig. 4. 

Fig. 4: At sea level the vacuum chamber would be almost collapsed as the *14.7 lbs. pressure out¬ 
side would force discs together. Therefore a t simplified method is shown, which will indicate the altitude 
as the air-craft rises. For instance, at an altitude of 19,000 ft. the air pressure*outside of the vacuum 
chamber being 7.8 lbs., the discs of chamber will open out and in so doing, will cause pin to raise pivoted 
movable arm, causing rack gear (Gl) to turn small pinion gear (G2) attached to needle. 

The dial is not fixed, but can be turned. It can be set at any altitude or atmospheric pressure. For 
instance, at various localities the altitude varies, as also does the atmospheric pressure. Therefore the 
sero CO) point on dial is turned to where needle stands at time of starting the flight and the altitude is 
determined by the graduations from sero point. 

Meaning of Sea Level. 

Sea level is a term used to designate a starting point for altitudes. At sea level the atmosphere is 
more dense and heavier than at greater altitudes. The pressure of the atmosphere at sea level is approx¬ 
imately *14.7 lbs. per sq. inch. 

Atmospheric pressure at various altitudes, graduated 5 inches apart, is shown in table, fig. 1. Other 

distances not marked are: atmospheric pressure at 8,000 feet would be 13.50 lbs. per sq. in.; at 10,000 

feet, 10.25 lbs.; at 12,000 feet. 10.00 lbs.; at 19,000 feet, 7.3 lbs.; at 20,000 feet, 6.25 lbs.; at 29,000 I 
feet, 4.85 lbs.; at 87,000 feet, 8.15 lbs.; at 45,000 feet, 2.75 lbs. per sq. inch. For a rough approximate, 
the pressure decreases % pound per square inch for every 1,000 feet of ascent. 

Highest Altitude Beached. 

On August 12, 1909, Lieutenant Mina of the Italian army, and Mario Piacenzo, in the balloon Albat¬ 
ross, ascended to a height of 11,800 metres (seven miles and 1,754 feet). A spherical bag, with a capac¬ 

ity of 2,000 cubic metres was used. On this occasion, however, the bag was inflated only to the extent 
of 1,200 cubic metres. The travelers carried with them a large quantity of oxygen to permit breathing in the 
rarefied atmosphere. At the greatest altitude, they experienced a temperature of 24° below zero, Fahrenheit. 

The Albatross appears to have exceeded all previous high records. Eleven thousand and eight hundred 
metres is equal to 38,714 feet, and the record for height has been 37,000 feet, made in 1862 by two 
Englishmen, Ooxwell and Glaisher. The highest point is Mt. Everest, Northern part of India. 29,002 ft. 
Highest altitude record for airplane, by Capt. Lang, Ipswich. England. Jan. 2, 1919, 30,500 ft. 


OHABT NO. 412—Method for Determining Altitudes. 

*The figures in table, fig. 1 are based on an air pressure at sea level of 15 lbs. per square inch. The eorrect 
pressure is approximately 14.7 lbs. per sq. Inch. **Aneroid is a Greek compound, expressing, “without fluid.'' 
tFig. 4 is not exact construction, but explains the principle. See page 921 for exact likeness of an Altimetar dial. 




AIRPLANE INSTRUMENTS. CURTISS ENGINE. 


921 



DIAL ALWAYS 
POINTS N. 


ALU WET HE 



Dial of the Short 
ft Mason Altimeter. 
Needle turns to left. 
Reading in thousands 
of feet, as 1, means 
1,000 and so on 
around to 17, which 
is 17,000 feet. Lower 
reading is merely a 
continuation after 17. 


Air Speed Indicator 
indicates relative 
wind pressure. In¬ 
strument on dash is 
connected by copper 
tube to nozzle fig. 
30) located forward 
with nozzle _ (c) 
pointing to direc¬ 
tion of motion. The 
pressure of wind or 
air velocity, in miles 
per hour is thus in¬ 
dicated. 


LUBBER 
LINE TURNS 
WITH 
SHIP 






Rear view of Ourtiss 8 cyl. V-type engine. 

Curtiss Airplane Engines. 

Model OX: Bore 4 in., stroke 5 in. 1400 r, p. m. 
developing 90 h. p. Cylinders, 8 V-type with cylinders 
90* apart. Valves overhead, one intake, one exhaust 
operated by push rods and overhead rocker al ™®! 
weight with propeller hub, without oil or wator, 390 
lbs • carburetion. Zenith, see page 182; oiling, force 
feed to all bearings; cooling, water, centrifugal pump; 
i grHMftn , Berling high tension, 8 cylinder magneto, 
with two spark plugs per cylinder. Valves seat is 
machined direct in cylinder head in a similar manner 
as that shown in the Hall-Scott, page 912. In the Cur¬ 
tiss OX2 and Hall-Scott it is necessary to remove cyl- 


Air Compass: Dial is sup¬ 
ported on a pivot and al¬ 
ways points N. Numerals 
are every 20 degrees. The 
last cipher is omitted to 
save apace, aa 2 means 20, 
30 means 300 degrees, etc. 
From N to N is 360°. The 
bowl turns with ship and 
lubber line (L) being on 
bowl turns with it. Lub¬ 
ber line is now opposite E 
or 90* from N, therefore 
ship is traveling due East. 


Extension Thermometer: Indi¬ 
cates temperature of water or 
oil circulating through engine 
in degrees Fahrenheit. A simi¬ 
lar device to fig. 9. page 188, 
but this instrument is placed 
on dash. Tube (E) contains 
ether, which is connected to 
circulating system of engine. 
Expansion of the ether causes 
needle to indicate temperature. 
See fig. 22, page 917. 

Tachometer is an instrument show¬ 
ing revolutions of engine crank 
and is connected with Ourtiss en¬ 
gine at 28. 2 means 20, 10 means 

1,000, 22 means 2,200 r. p. m., etc. 


inder to remove valves. Pistons, 
aluminum alloy. Inlet valves are 
nickel steel and exhaust, tungsten 
steel. Steel water jackets brazed to 
cylinders. Cylinders are staggered 
and connecting rods are placed side 
by side. 

Model OXX is the same, except % 
inch larger bore than “OX M and is 
rated at 100 h. p. at 1400 r. p. m. 
Illustration shows the rear view of 
the OX and OXX engine. 

Model V2: Bore 5 in., stroke 7 
in.; 1400 r. p. m. developing 200 
h. p. Cylinders, 8 V-type. Similar 
to *OX except two high tension mag¬ 
netos are used and two Zenith car¬ 
buretors placed on the side. Weight 
is 690 lbs. 

Twelve Cylinder: Bore 6 inch, 
stroke 7 in., h. p. 250 at 1,400 r.p.m. 
On some of the Curtiss engines, a 
thin aluminum liner is placed be¬ 
tween crank case and cylinders for 
flying at altitudes below 6,000 feet, 
in order to give a lower compression 
which does not result in pre-ignition 
at low altitude. For high altitude 
work these liners are removed. 

Name of Ourtiss Parts. 

1, cylinders; 2, hot air pipes to carbure¬ 
tor air intake; 3, inlet manifold; 4, inlet 
pipes; 6, water jacketed inlet; 6, Zenith 
Duplex carburetor; 7, hot water pipes to 
inlet; 8, water pump; 9, water pipes; 10, 
* magneto; 13, hot air jacket surrounding 
exhaust manifold; 16, push rod; 17, inlet 
rocker arm; 18, exhaust rocker arm; 19, 
spark plug; 20, exhaust valve; 21, inlet 
valve; 28, tachometer connection; E, ex¬ 
haust. 

Under 1, on cylinder on right, is 
breather pipe. Oil pump is located below 
and in rear of water pump. 

8ee page 918 for firing order.of Our¬ 
tiss engine. 


OBABT NO. 413—Airplane Instruments. Curtiss Airplane Engines. 


with distributor designed for 8 cylinders. See page 927. 
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Ckom^Sbctiow Ham aw t 

Twa^.rcnnw.Bm.ua Renault Airplane Engine. 


Is a 12 cylinder V-typo with cylinders pieced et 
angle of 47 ft*. Bore 125 mm., stroke 160 mm. 
Cylinders are steel and are almost a duplicate of 
the Mercedes, page 016. 

Valres overhead type, operated by overhead cam* 
shaft. Two valves 2% in. di. per cylinder. Valve 
port is 2 in., valve stems %e in. di., valve seat 
is set at 45^ and % in. thick. They open in* 
Pistons cast Iron, 8% in. in length. There are 
eighteen in. holes drilled in skirt. Connecting 
rods articulated type of I-beam section in which 
the shorter rod is attached to a boss on the master 


rod by a pin to form a hinge. Crankshaft carried 
in four babbitt lined bronse shells secured to 
ribbed-steel bearing caps. Gearing system is 
shown in center illustration. TO&e inclined shafts 
operating at three times camshaft speed, driving 
camshafts through straight bevel gears. Oiling sys¬ 
tem is shown. Oil is carried through ducts through 
copper tubes up to and through overhead camshaft 
case and returns down through the distributing 
gearing case to oil sump. Ignition consists of 4 
magnetos mounted on the same axis driven through 
spur gears. 



Fig. 23—Wiring diagram of Dixie 11 J S starting- mag¬ 
neto, with control switch and two service magnetos. 



Fig. 24—Internal wiring diagram of Dixie 11-S start¬ 
ing magneto, control switch and two service magnetos 


Magnetos for Airplane Engines. 

In the 8 and 12 cylinder magnetos a field structure, rotor 
and cam are sometimes employed which produce four sparks 
per revolution of the magneto shaft, two of the sparka being 
of one polarity and two of opposite polarity.* 

The speed at which magneto should be driven is as follows: 
Dixie magnetos will deliver one, two or four sparks per revolu¬ 
tion of the drive shaft and when installed on four cycle en¬ 
gine!, run as follows: 

1 Oyl. V* engine speed, with 1 lobe cam. 

2 Oyl. engine speed, with 1 lobe cam. 

3 Oyl. 1% engine speed, with 1 lobe cam. 

4 OyL engine speed, with 2 lobe cam. 

6 Oyl. 1% engine speed, with 2 lobe cam. 

8 Oyl. engine speed, with 4 lobe cam. 

12 Oyl. 1% engine speed, with 4 lobe cam. 

Therefore during two revolutions of crank shaft on an 8 cyl¬ 
inder engine 8 sparks would be produced, or 4 per rev. On a 
12 cylinder engine, 12 sparks would bo produced during 2 
rev. of crank, as armature makes 3 rev. to 2 of crank and 4 
sparks per rev. or 12 sparks per 3 rev. 

** Where magnetos have separately driven distributors, as per 
page 918, then a single contact (0) is on distributor of mag¬ 
neto (per fig. 14), which connects with separate distributor. 

Double ignition or connection for two synchronised magneto#, 
is shown in figs. 28 and 24. Note switch position below (as¬ 
suming that upper part of switch lever is connected with 
ground (G) instead of starting magneto): 

Switch position 1, both magnetos generating* switch posi¬ 
tion 2, L. H. magneto short-circuited or off, R. H. generating; 
switch position 8, R. H. magneto short-circuited or off and L. H. 
generating; switch position 4, both magnetos off or short 
circuited. 


Dixie 11S starting magneto is an auxiliary source of current with which to operate the 
ignition on airplane engines, whereby a shower of sparks can be produced at slow crank¬ 
ing speeds. It carries a breaker (B) for interrupting the current which it supplies to 
one of the magnetos when starting. The starting magneto is operated by hand which 
drives it 4 times as fast as the regular running magnetos. As long as the platinum 
points of the ignition magnetos are closed, any connection with the starting magneto is 
ineffective, but as soon as the platinum points separate, the primary of the ignition mag¬ 
neto, which is connected to the starting magneto is then in series with the starting mag¬ 
neto, and a shower of sparks for ignition is produced, while the points remain separated. 

Fig. .14—Magneto The starting magneto is connected to the regular Ignition magnetos as shown in figs. 28 

and 24. There are four switch positions as follows: Switch position 2, left hand mag¬ 
neto is connected to starting magneto; switch position 3, right hand magneto is connected to starting 
magneto; switch position 1, both magnetos running, starting magneto disconnected; switch position 4, both 
magetos off or short circuited. The spark is produced from the ignition magnetos during the time the 
contact points are open, which is for a duration of about 27 degrees. 



LABT NO. 414—Benault Airplane Engine. Splltdorf-Dixie Airplane Magnetos. 

Die magnetos can also be of the unidirectional type, meaning that the spark is of one polarity only. There 
ire four magnetic breaks within the magneto, but owing to the use of a cam of slightly different construction. 
>nly two sparks, both of the same polarity can be produced. 

lee figs. 19 to 26, page 293, for distributors where a single magneto has 8 or 12 segments. 
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rig, 1, Single wire system 
using magneto ignition; Fig. 
2 t Single-wire, using Delco 
ignition; Fig. 3, Two-wire 
system for starting motor, 
rent grounded; Jiff. 4, early 
1916 system with magneto 
ignition; Fig G, 1916 sys¬ 
tem. not showing ignition. 
North-East electric system 
in used. (G, means ground). 


Dodge Electric Systems. 

The North-East system on page 369 
and 370 Is the standard model “G” used 
on the Dodge since fall of 1916, with 
slight internal modifications. For igni¬ 
tion, the Dodge has need the high ten¬ 
sion magneto, Delco system and since 
March, 1918, the N. E. model *‘0*' sys¬ 
tem (fig. 7) has been used. 

On the 1916 and early 1916 cars; the 
model D electric system (fig. 5) was 
used. With this system a cut-out and 
relay type of regulator were contained in 
the starter-generator unit (this can be 
determined when there are 4 terminals 
on starter-genrator, see fig. 6). 

The modal **G" system differs from 
all previous models in that it has a third- 
brush regulation instead of a current re¬ 
lay type regulator, which formed a part 
of all preceding N. E. models. The cut¬ 
out however is retained, but it is now 
enclosed in tbe housing with starting 
switch (pages 369 and 870), instead of 
in generator itself, therefore only one 
connection to starter generator and one 
grounded terminal. 

Charging rate is 6 to 7 amperes at 16 
m. p. h. up to 21. Over 21 the rate de¬ 
creases as low as 8 amperes. Generator 

—continued on page 924. 


CHART NO. 416—Wiring Diagrams Remy Electric Systems. Dodge Electric Systems. 


Instead of an ammeter, the Dodge system uses a charging 


or battery indicator, see page 870 and 410 for 


principle 
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WIRING DIAGRAMS, 


—continued from page 923. 

output can be adjusted as low as 4 amperes at 1800 
r. p. m. at 15 volts, or as high as 10 amperes at same 
voltage, by moving third-brush stud in rear of gen¬ 
erator, per instructions on pages 733 and 369, 370. 

Charging rate can bo tasted by inserting an ammeter 
between positive terminal of battery and cable attached 
thereto. Measured this way, it will be found to be 


from 1 to 2 amperes less than total generator output, 
even with lamps off, due to ignition consumption. 

Actual output of generator can be measured with a 
15 ampere ammeter inserted between No. 8 binding post 
(on illustration, page 870), and positive terminal of 
charging indicator. 

Fuse is located on commutator end of starter-gen¬ 
erator. It is the first place to look in case of failure 
of current supply—see page 733 and 370. 



Fig. 6—Internal circuit of North-East Elec¬ 
tric SysteiU on 1915 and early 1916 Dodge. 
Ignition and light circuits not shown. 
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CHART NO. 410—Dodge Electric Systems—continued. Remy Magneto and Wiring Diagrams. 

A Wiring Diagram Book—Those desiring a book dealing exclusively with wiring diagrams write A. L. Dyke. Pub., 
St. Louis, Mo. Another book dealing exclusively with storage batteries is also for sale. Send for circulars. 









































































































































































































WIRING DIAGRAMS. 


92 




S 5 a a' 
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CUT OUT 1 


t h nr , v ._O am Bljur Constant Voltage Regulation * 

ITT • “ Generator. 

2 | 1 i ?; O nrf OUT I 

<&r% 1 b r5 « The voltage regulation system Is shown in flg. 5. 

^ | D — vfli fffrtT r > b A * S With this system the amount of current generated 

g 5 j a K *a m fS *8 depends upon the state of charge of battery and the 

k _^_j 3 FiB 5 £ if amount of lamp load in use. With a discharged 

“ 1 » 5 oo battery the voltage is a minimum, but as the charge 

h of battery proceeds the voltage of battery will in* 

az°^l • I °T I No crease, so that the difference in pressure between 

wyg I £ w 1 G generator and battery is continually diminishing. If 

° 8 5 r 2 I battery is fully charged, then generator charging 

® * I | current will be small. Therefore the charging cur- 

l rent is variable and is independent of the speed, 

- — -- , -- end tapers from maximum with a discharged bat- 

I FIELD T~T G tery t0 m * nimum w * th a full y charged battery. 

fUBE *3 f * * 4 After generator reaches a speed at which it da- 

a ri * J FIELDS h velops its normal voltage, the voltage does not in* 

S t- H ^ a 2 FUSE ® 5 J 1 crease with speed, but remains constant, 
i o a >■ £ p- w b 

fc 35 §^-“9 §,§>£§? A* 1 8E g 3 Voltage regulation permits of a battery being 

< x c r? £ .n ■< « ° g £ '3 charged at a high current rate when battery voltage 

Ss ** J < f- * s 7 I* •* is low and a much lower rate when battery voltage 

rOT'i-ll S g ig hi * h * 

JlBiT L S ~4fjr' . . | a f D | *|s Operation of cut-out. (0, Ag. 5): Its purpose 

N^brush XJJ™ LfiJLseJ § is to connect and disconnect the generator to bat* 

GEN A BRUSH r tery when generator is at rest or at very low speeds. 

L ~ —. ot,r< c —It has a shunt and series winding. The shunt is 

CL T^JyLL- M CUT O PT* \ AM « connected across the generator so as to receive the 

\ . wFTFii meter full voltage of generator and when machine attains 

■.L/wnrc^c^ jl .Ir nnrr ^— + speed at which it develops 6.5 volts, the shunt 

winding is sufficiently energized to close the cut* 
w ^ out armature (V). The series winding is con¬ 

nected in the main circuit and current flows through it and its pull reinforces the pull due to the shunt 
winding and firmly holds the cut-out armature (V) closed. When the speed of generator is decreased to a 
speed where it generates voltage lower than battery, then a momentary discharge from battery through the 
series winding demagnetises the coil (0) and cut-out is opened. 

The voltage regulating unit (B) flg. 5, has a single winding connected across the generator. It is 
opened and closed owing to amount of pressure developed by generator. Below 7.75 volts the resistance 
(D) is cut out of field circuit, path being around it through V, giving generator chance to build up. Above 
7.76 volts, coil (B) pulls V to it, which throws resistance (D) into field circuit which automatically re¬ 
duces the generation. While running, this regulator armature vibrates rapidly cutting the resistance into 
and out of field circuit by means of vibrator V. Thus the pressure never goes above 7.75 or lamps would 
burn out. 

The other resistance unit (E) which is connected in parallel with field winding is to absorb the field 
energy when the regulator contacts, are open and reduce sparking at contacts. 

Ammeter: In this particular system the meter is connected between generator and battery which in¬ 
dicates generator output only and does not show a discharge when generator is at rest. On some cars the 
meter is connected at branch (A) and with generator in operation, meter will indicate output less the 
current consumed by lights and other devices. 

Adjustments. A hole is provided on regulator box for adjusting voltage regulator and another for 
cut-out. Turning adjusting nut to right on cut-out raises the cut-in voltage. Turning adjusting nut on 
voltage regulator to right raises generator voltage. 

Before adjusting cut-out disconnect one of battery terminals and place head light switch on. Volt¬ 
meter leads should be clipped to generator brushes, engine run slow, gradually increasing speed. Ad¬ 
justment should then be made so cut-out will close at 6.5 volts, the voltage will then immediately drqp 
on closing, which indicates it has closed. 

In setting voltage regulator, connect generator to battery having specific gravity of 1,250 and light 
switch off. Voltage should be measured across brushes as above. Run engine at speed so generator will 
turn 1000 to 1400 r. p. m. and tension of spring regulated until 7.75 to 7.8 volts is generated. Always 
set adjusting nut tight after adjusting. 

Generator can be used without battery, if lights are on, otherwise resistance unit is liable to burn out. 

Wiring: A single or double wire system can be used wih this generator. 

Cars: (1) Every two weeks 2 or 3 drops of thin mineral oil should be put in oilers; (2) Every two 
weeks reverse regulator disconnect plug by pushing it in to unlock, then turn and reverse its connections; 
(3) Inspect brushes every 1000 miles, to see that they make good contact and move freely up and down. 
See pages 408, 400, 404. 406. 

The Bljur Constant Current Regulation Generator. 

The single wire system is shown in fig. 6 and the two wire system in fig. 7, either can be used. 

With the constant current *third-brush regulation the generated current is independent of the volt¬ 
age of the battery or the amount of lamp load connected, but depends upon the speed at which machine 
is driven and position of the regulating third-brush with respect to the two main brushes. The cut-out 
(V) closes when generator reaches 6.5 volts, or generator speed of 500 or 600 r. p. m. With increasing 
speed the current increases to maximum value, at speeds about 1000 to 1600 r. p. m.; at higher speeds cur¬ 
rent gradually decreases. 


Adjustment: Moving the brush (by loosening nuts) in direction of rotation of armature increases 
generator output, in opposite direction, decreases. At 1400 to 1600 r. p. m. of generator (20 to 25 miles, 
car speed) the amperage should be not less than 12 or more than 15. Approximately a shift of third- 
brush Vior will change output 2 to 3 amperes. If adjusted on car, remove generator cables and tape ends, 
then place back after adjusting and run generator and test. Two or three trials may be necessary. Best 
results are obtained after running car when generator is hot and connected to battery with 1250 specific 
gravity (s. g.) 

Fuse: A 6 to 12 ampere fuse is placed in field to protect coils burning out. 

It is not feasible to supply current for lights from a constant current generator without a battery being 
connected in circuit, for instance, if lamps require 7 amperes and generator at speed, delivers 15 amperes, 
the generator voltage would rise until the additional 8 amperes not required by the lamps will be forced 
through the lamp circuit and burn them out. 

Oaro of generator and starting motor —see pages 407 to 421. 


CHART NO. 417—Difference Between a Generator using Constant Voltage Regulation' and oi 
using Constant Current Regulation—Bljur as examples. 

*8ee also page 389, explanation of third-brush principle. See pages 543, 546; electric systems 1918 cars. 
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WIRING DIAGRAMS. 


FOR MODELS, A, B, D, F, O and T MAGNETOS FOR MODELS W, X. Y AND Z MAGNETOS 




Splitdorf Magneto Wiring Diagrams. 

Many of the systems are similar. Note diagrams show both the dash type and tube type coils. For 
instance, fig. 8 is dash coil for models ▲, B, D, F, T, W, X, T, Z magnetos, whereas figs. 1 and 2 show con¬ 
nections to the tube type coil. Many of the above ignition systems were used several years ago, but are 
shown as a reference for older model cars. 


Magneto in fig. 1 and coil in fig. 14 would constitute the model O system. Magneto in fig. 2 and ceil 
in fig. 8 would represent the model X system formerly used in the Maxwell **40. Fig. 12 is the EU4 
magneto. See pages 290 to 298 for Splitdorf Dixie magneto and pages 228 for Splitdorf coil connections. 

Berllng Magneto. 

Figs. 9 and 10 show the two-spark system. When switch is in position (1), primary winding is short 
circuited and magneto is *‘off." When on (2),'magneto operates as a single spark magneto. When In 

this position (2), end of secondary 
is grounded and is position for start¬ 
ing, because at slow speeds all of in¬ 
tensity of magneto is concentrated to 
one spark plug instead of being di¬ 
vided. When on (8), which is run¬ 
ning position at full speed, magneto 
supplies current for the two spark 
plugs in each cylinder and current is 
divided between the two. Breaker 
points are set .016 to .020 in. 

Another two-spark system is shown 
on page 283. 



CHART NO. 418—Wiring Diagrams Splitdorf Magneto Systems. Berllng Two-8park Magneto. 

See page 864F for advertisement of a large Book of Wiring Diagrams In blue print form. This book also 
sals with Storage Batteries and Electric Systems—jend for circulars. 



























































































































































































































MISCELLANEOUS. 


Stromberg Model “L” Carburetor. Berling Magneto. 



Fig. 1. Sectional 
View Of Strom- 
“berg carburetor, 

type L, page 176. 

The only differ¬ 
ence between the type L and M, 
page 176 is in the ''economizer* 
action, or the lifting of the high 
speed needle valve (A) automati¬ 
cally. This needle valve (A) on 
type (M) is hand regulated. 




Berling type D 
81x-2,nigh ten¬ 
sion 8 cvL, sin¬ 
gle spark mag¬ 
neto as used on 
the Ourtiss train¬ 
ing planes. 

The Interrupter 
is shown to the 
left. 


Pierce-Arrow “Dual” Valve Engine. 



Dual valves, mean two inlet and two exhaust 
valves to each cylinder. The Stuts engine, page 
109, uses dual valves but they are placed overhead 
instead of to the side as below. The White also 


uses a *'7” head cylinder with two inlet and two 
exhaust valves per cylinder. 

Advantages of dual valves is this: It is well 
known that greater power, especially at higher 
speeds is obtained by using large 
valves. For instance, in standard 
practice the rule is to have the valve 
diameter one-half that of the bore of 
cylinder. For a 4^ inch bore, a 2 % 
inch valve is used. In order, how¬ 
ever, to get the maximum possible 
power, a 8 in. valve with a % in. lift 
would give greater power, but to do 
this would result in noisy valves, due 
to the heavy valve spring required to 
close them promptly, ana also on ac¬ 
count of the tendency of the valve 
head to warp out of shape. 

Therefore by using two smaller 
valves of 1 >/, in di., with a % in. 
lift, the same opening area as the 
single 3 inch valve is obtained. This 
gives the maximum power and a very 
quiet valve action, due to the use of 
light valve springs. 

Name of Parts. 

Pierce-Arrow: cylinders of 8 blocks, 
"T-head;** valves on side; fuel fed 
to carburetor by pressure; Ignition, 
Bosch high tension magneto with a 
Westinghouse generator system as a 
reserve. The two systems are inde¬ 
pendent and connect with two sets of 
spark plugs. WO, water pipe from 
engine to radiator; WO, water bypass 
from thermostat; WI, water pump 
connecti on to radiator; OP, water 
pump; WP, water pipe; S, spark 
plugs; N, inlet valves; ELA, hot air 
intake to carburetor: CR, carb. float 
chamber; IM, intake manifold (hot 
water jacketed): R, generator; DR, 
generator distributor; O, gasoline 
primer; T, carburetor adjusting needle 
valve (controlled from seat); E, ex¬ 
haust valves: M, magneto* EX, ex¬ 
haust manifold; BR, oil filler; O, oil 
pump; A, oil pump drive gear case; 
D, electro magnetic starting switch 
for starting motor; SM, starting motor 
with automatic gear shift. 


CHART NO. 419—Stromberg Carburetor. Berling Magneto. Pierce-Arrow Dual Valve Engine. 
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The K-W magneto differs from other 
magnetos in many ways, and possibly the 
clearest information that can be given, is 
by careful study of the diagrams and ac¬ 
companying explanation. 


K-W MAGNETO SUPPLEMENT. 

*K-W Magnetos. 



Diagram “A.” 

Diagram “A” shows a longitudinal sec 
tional elevation of the model HE magneto 

By referring to the numbers in the follow 
ing description, a clear idea may be ob 
tained of the function of the various parts 
98 Distributor brush 


1 Bridge or spider. 

2 Distributor gear. 

10 Base. 

14 Low tension bus 
bar. 

24 Dust cap or cover. 

56 Switch binding post. 

64 Driving pinion. 

67 Cam. 

69 Rocker arm roller 
shaft. 

73 Magnets. 

79 Plunger for pri¬ 
mary circuit. 

96 Distributor block. 





holder. 

100 High tension lead. 

113 Secondary wind¬ 
ing. 

114 Primary winding. 

118 Safety spark gap. 

119 Secondary distri¬ 
butor brush. 

120 Secondary contact 
plunger. 

126 Condenser. 

180 Rotor. 

186 High tension bus 
bar. 

29 Retainer spring. 

Illustration “B” shows the rotor (which 
is the only revolving part in the K-W 
magneto) and the complete assembled wind¬ 
ing. The rotor is made up of soft Norway 
sheet 1 r ou 
sta mpinga, 
which are riv¬ 
eted together 
and very ac¬ 
curately ma¬ 
chined, as these 
rotor blocks, 


Illustration 


which run on high grade annular ball bear¬ 
ings, have only .003" space between their 
face and the face of the pole pieces. The 
rotor blocks are made in two halves and 
are held on the shaft by a taper pin and 
are mounted at right angles to each other. 

In mounting the winding between these rotor 
blocks, the pin is taken out of one half, and the 
rotor block is withdrawn from the shaft to allow 
the winding to be placed in the center. 

♦See also, pages 256, 296. 288 and 832 for additional information on K-W magnetos. 


The winding: Complete assembled wind¬ 
ing (illustration C) consists of a primary 
winding of heavy copper wire and a second¬ 
ary winding (see also diagram A), which is 

made up of a 
great number of 
turns of very 
fine wire, these 

■ coils being 

f wound circular 

j in shape, assur- 

/ / ing the largest 

M/ number of turns 

with the least 
length of wire, 
which makes the 
most efficient 
type of coil. 
ill. These windings 

are given an im¬ 
pregnation of 
high grade in¬ 
sulating com¬ 
pound by the 
vacuum process 
and the second¬ 
ary winding is 
given 27 separ¬ 
ate coats of var- 
_ ni9h, each one 

Illustration "C. baked twenty- 

four hours, which thoroughly insulates it 
from the primary winding and also assures 
it being as near water and oil proof as it 
is possible to make any high tension coil. 
These windings are assembled with the sec¬ 
ondary outside of the primary and then en¬ 
closed in a brass housing with a hard rub¬ 
ber plug, through which the high voltage 
secondary is carried to the distributor brush 
of the magneto. 

The condenser: No. 126, in diagram 

is made up of a number of alternat¬ 
ing sheets of tin foil and mica, every other 
sheet of tin foil being connected together, 
which makes two series of tin foil layers 
separated from each other by sheet mica. 
Each sheet of mica is tested separately be¬ 
fore being used with 5000 volts for break 
down and after it is assembled it is given a 
test of five to six times the normal working 
voltage to which it is subjected, assuring 
reliability under adverse conditions. 

The safety gap, No. 118, diagram “A,” 
is a necessary part of any high tension mag¬ 
neto, its object being to form a path for the 
high tension current to jump across in case 
a secondary cable that leads to the spark 
plugs, should be off when the engine is run¬ 
ning. This safety gap, as its name implies, 
prevents the winding from burning out, for 
as long as their is a path for the high ten¬ 
sion current to pass through, it will never 
puncture the insulation of the secondary 
winding. 

The magnetic field of the magneto is com¬ 
posed of four horse shoe magnets No. 73, in 
diagram “A, M which are mounted on two 
cast iron pole-pieces, spaced 90 degrees 
apart. The rotor, No. 180, revolves within 
this magnetic field, and as the rotor blocks 
are spaced 90 degrees apart, there is a cur¬ 
rent wave four times to the revolution of 
the magneto. 
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When the rotor is revolved within this 
magnetic field, the magnetic lines of force 
are cut or distorted and an electrical cur¬ 
rent is set up in the primary winding, 
which is carried up through part No. 14 
to bridge No. 1, then through .spring No. 
69 to the circuit breaker cap and through 
the contact points in the circuit breaker 
back to the other side of the winding, com¬ 
pleting the circuit. 

When the current has reached its highest 
point, the circuit breaker-points are open 

and the change of the magnetic flux causes 
a high voltage to be set up in the fine wire 
secondary winding. This induction is as¬ 
sisted by the condenser, which is connected 
across the circuit breaker points, absorb¬ 
ing the spark which would occur if the con¬ 
denser were not in circuit and also assist¬ 
ing by the discharge which takes place im¬ 
mediately after it is loaded. 

The high tension current Is carried up 
through the hard rubber plug to the bus bar 
No. 186, then through lead No. 100 to the 
distributing brush, which distributes it to 
the different segments on the distributor 
block, these segments being connected by 
high tension cables to the different spark 
plugs on the engine. 

The distributor block is made of hard 
rubber into which is molded brass segments, 
one for each cylinder. The distributor 
brush which turns with the gear of the 
magneto is also molded of hard rubber and 
carries a carbon brush, which bears lightly 
on these segments as it passes, and the 
magneto is timed so that the circuit breaker 
points open and the high tension current is 
generated just at the instant this brush goes 
to the segment. 

The K-W Circuit Breaker. 

The entire circuit breaker is removable. 

Release spring No. 29 by pushing it aside. 
Pull out complete breaker box and remove 
cover nut No. 79. This allows removal of 
circuit breaker cap and gives access to 
breaker parts. The same type of circuit 
breaker is used on all K-W high tension 
magnetos, and is shown by diagram “D. ” 
It is arranged to have 30 degrees of ad¬ 
vance or retard for regular work. 

68 67 



When the points fail to separate or when 
the distance is too far apart, adjust part 
194 with small screw driver inserted 
through hole for that purpose in housing. 
The proper distance apart is fa". A gauge 
is sent with every magneto. 

The firing point of the magneto is just 
when the points are beginning to open or 
break circuit, not when they touch. 


To Open Distributor. 

Remove the high tension lead No. 100, 
by turning it to right, which releases it at 
bottom. Unscrew nut at top of spider, and 
remove the bridge or spider No. 1, thus re¬ 
leasing cap on distributor block and giv¬ 
ing view of distributor and brush No. 119. 



♦Impulse Starter. 

Illustration “F” shows the impulse 
starter as applied to the model HE mag¬ 
neto and diagram “E” shows a sectional 
view of the impulse starter only. 

The impulse 
starter con¬ 
sists of two 
separate 
members, one 
of which is 
called the 
ratchet and 
one the start¬ 
er case. The 
ratchet is fas¬ 
tened direct¬ 
ly to the ro¬ 
tor shaft of 
the magneto 
and the case 
connects to 
the coupling, 
which is fas¬ 
tened to the 
shaft that 
drives the 
magneto. In¬ 
terposed be¬ 
tween these 
two members 
is a clock spring which performs the func¬ 
tion of driving the rotor when the starting 
mechanism is used. 

When the engine is to be started, the 

trigger, ST-14 is pressed, which allows the 
hook dog ST-13 to drop into the notch on 
ratchet ST-6, so when the starter case ST-2 


fit 

m 

\f.) 




Illustration “F/ 



r- 

Diagram “E.” 


is turned by the drive shaft, the ratchet re¬ 
mains stationary, and the clock spring in¬ 
side the case is wound up while the case 
is moving 80 degrees, which brings starter 
dog ST-11 around to the position where it 
moves the roller on ST-13, which in turn 
moves this hook ST-13 out of the notch on 
the ratchet. 

When this hook dog releases the ratchet, 
it is given an impulse forward by the clock 
spring, and is thrown back to its original 
position, as shown in the diagram. While 
this rotor is being moved rapidly by this 


*See also, page 832. Manufacturers of K-W Magnetos; K-W Ignition Co.. Cleveland. Ohio. 
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spring, the circuit breaker .points are open, 
causing the function of producing the spark. 

The starter continues to operate until a 
predetermined speed has been reached, when 
the hook dog is thrown up and latched and 
the magneto is driven direct. The speed 
at which the starter throws out of engage¬ 
ment, is determined by the tension of the 
cushion spring on the hook dog. 

To Time Magneto To The Engine. 

First: Turn over crank shaft, of engine, 
placing engine from 3° to 6° past top dead 
center on firing stroke. 

Second: Mount and connect magneto so 
that the tripping mechanism will trip the 
impulse starting device. 



Illustration “G.” 


Illustration “G” shows K-W high tension 
magneto, known as model TK, while dia¬ 
gram ( ‘J” shows a cross sectional view of 
this magneto. It will be noted that the 
principle of the model HK and TK magneto 
is exactly the same, the only difference be¬ 
ing in the size of the magnetos and their ap¬ 
pearance. The same principles of design 
and construction, are employed in both. 
Model TK, however, has flat magnets. 
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Diagram “J.” 


Both magnetos are of the inductor type 
construction, having a stationary winding 
and revolving rotor. This does away with 
all moving wires, collector rings, special 
contacts, etc. and is considered by the man¬ 
ufacturers the simplest form of construc¬ 
tion. 


K-W Low Tension Magnetos or 
Alternating Current Generators. 

These generators are made for ignition, 
using a vibrating spark coil and low ten¬ 
sion timer, and are made in several models, 
for either friction or belt drive. 

They are also made for tractor and mo¬ 
tor boat electric lighting systems, feeding 
the current direct to the lamps. These gen¬ 
erators will not charge a storage battery, 
as they produce alternating current. 

Internal Constructor 
This Illustration “H" shows the internal 
construction and extreme simplicity of the 
K-W low tension magneto, designed on an 
entirely new principle, and patented by 
them. Instead of having wires wound 



longitudinally around a revolving armature, 
it has stationary spiral winding of copper 
ribbon, as is shown in the center of illus¬ 
tration “I,” and also in illustration “H,” 
which is a view of the inside of a low ten¬ 
sion magneto. The rotor changes the direc¬ 



tion of magnetic flux through the winding, 
four times per revolution, and thus pro¬ 
duces the electric current. This rotor re¬ 
volves in two sets of high grade ball bear¬ 
ings and docs not rub against or touch any 
other part on the entire magneto, as all 
other parts stand still. (See also, page 256.) 

The terminals of the winding extend 
through the top of the pole pieces in which 
the rotor revolves and are securely con¬ 
nected to the binding posts, which are lo¬ 
cated at the end of the magneto. 

The electrical part is housed in a case, 
making the magneto practically waterproof. 
It will stand any amount of spray or rain. 
Oil it occasionally, and the K-W generator 
will 11 stay on the job . 99 

All models of K-W lighting magnetos or gen¬ 
erators, in addition to having a special winding 
suitable for the lights, have the air gap between 
the rotor and pole pieces so adjusted as to make 
them automatically self-regulating, due to the im¬ 
pedance of the coil, to a very cloBe degree, so as 
to take care of the various speeds of the engine. 




1 UjuLcu rLltasti lurk. 

2 Clutch pressure plate. 

3 Clutch driving disc pin. 

4 Clutch spider. 

5 Clutch shaft front bearing. 

6 Clutch spring. 

7 Clutch driven disc pm. 

8 Clutch driven disc 
& Clutch, driving disc 

10 Housing,, bolls to crankcase. 

11 Flywheel. 

12 Ball bearing clutch release. 

13 Countershaft drive gear. 

14 High speed internal gear. 

15 Countershaft low and reverse pinions. 

18 Countershaft intermediate gear. 

17 Countershaft. 

18 Sliding gear shaft, or transmission main abaft. 
10 Universal joint housing. 

£0 Universal hollow shaft' square drive shaft (49) 
fits inside. 

21 Universal joint, 

22 Sliding gear shaft rear bearing 

23 Shifting shaft. 

24 Intermediate sliding gear. 

25 Shifting shaft, yoke. 

26 Goar shifting fork. 

27 Cear shift lever. 


2* Hand brake lever. 

29 Low and reverse sliding gear, 

30 High speed sliding gear. 

31 Shifting shaft plunger. 

32 Clutch shaft, 

33 Clutch shaft rear bearing. 

34 Clutch release grease tube. 

35 End of engine crankshaft. 

3B Clutch pedal. 

39 Foot brake pedal. 

40 Speedometer drive shaft. 

41 Hand brake lcvorshaft. 

42 Speedometer drive gear. 

43 Transmission drain plug. 

44 Clutch drain plate. 

45 Reverse idler pinion. 

46 Reverse idler pinion bracket, 

17 Support arm. 

49 Square end of drive shaft, fit* into 20. 
GO Torque tube. fitJj to 39- 

51 Rear axle housing, 

52 Drive or propeller abaft, 

53 Drive shaft roller bearings. 

54 Drive pinion. 

55 Foot brake operating shaft, 

56 Adjusting ring lock screws. 

07 Hand brake operating shaft. 

58 Rear axle drive shafts. 


CHART NO. 420— Parts of The Dodge Drive System. 

8ee Insert No. 1 for top view of Dodge OhassiB and pages 369, 370, 733, 924, 411 for Dodge Electric System 
and Chain Adjustment. 
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PARTS OF DODGE DRIVE SYSTEM 


59 Differential roller bearing. 

60 Differential bevel gear. 

61 Differential cross. 

62 Lubricant level plug. 

63 Bevel driven gear. 

64 Differential bevel pinion. 

66 Bearing adjusting rings. 

67 Drive shaft bearing adjusting rings. 
69 Differential carrier. 

71 Adjusting ring lock. 

72 Foot brake operating shaft lever. 


73 Hand brake operating shaft lever. 

74 Differential bearing adjusting ring lock. 

76 Grease retainer. 

77 Wheel roller bearings. 

78 Tire. 

79 Brake toggle joint—see page 689. 

80 Rear wheel hub bolt. 

81 Wheel bearing adj. nut. 

82 Rear wheel flange, 

83 Spring. 

84 Brake mechanism—see also page 689. 


Pointers on Adjustment of Dodge Drive System. 
To Adjust Clutch. 


See page 666. 

*Removal of Clutch and Gear Box. 

1—Break universal joint; 2—drop emergency brake 
rod; 3—remove exhaust pipe completely; 4—block 
up engine at rear, just in front of the bell flywheel 
housing; 6—remove bolts in rear engine arms (47); 
6—remove bolts holding bell housing flange (10) to 
crankcase; 7—drop foot brake rod; 8—disconnect 
flexible grease cup tube running from floor board to 
clutch throw-out; 9—slide unit to rear and lift out. 


it, in relation to the driven bevel gear (63) bolted 
to the differential. Two adjusting rings (67), fitted 
against the two Timken bearings (53), can be 
screwed forward or backward to obtain the proper 
position of the bevel driving pinion (54). These 
rings can be reached by removing the ring lock 
(71, fig. D). All that need be done is to back off 
one adjusting ring (67, fig. C), and screw the 
other one ahead, in whichever direction it is de¬ 
sired to move the bevel driving pinion (54). Be 
sure that each of them is holding its bearing rigid¬ 
ly before replacing lock (71). 



Disassembly of Clutch. 

1—Remove two lock screws in clutch throw-out 
yoke (visible from clutch hand hole); 2—remove 
two nuts on clutch throw-out yoke; 3—remove 
clutch pedal (38) from its 
shaft and loosen brake pedal 
(39); 4—drive out clutch 

shaft (32) to the left; 6— 
lift out clutch unit; 6—ap¬ 
ply clutch puller, fig. 1, to 
complete clutch disassembly. 
The puller consists of a cross 
member with a bolt termin¬ 
ating in a hook perpendicu¬ 
larly placed at each ex¬ 
tremity. The hooks engage 
pins on the clutch; 7—draw 
down on puller nuts until the clutch spring is 
sufficiently compressed so that the split locking 
ring may be withdrawn; 8—remove split locking 
ring; 9—ease up on puller nuts, and then remove 
clutch spring; 10™clutch plates may now be taken 
apart. 

To Replace Clutch. 

See fig. 2. The facings come already cut and drilled 
so it is merely a matter of riveting a new facing in 
place on the driving discs 
9, fig. A, page 931. A tool 
especially designed for this 
purpose is shown in fig. 2. 
The punch is made of a 
valve stem, hardened. In 
putting in the hollow rivets, 
half of them should face 
one way and alternate ones 
in opposite direction. This 
tool may also be used to 
rivet brake linings, page 
689. 


When there Is a singing or humming noise con¬ 
stantly In rear axle, with the humming increasing 
with speed, and the rear axle mesh seems stiff 
when clutch is thrown out, it is usually due to the 
adjustment of the drive pinion (54) to the driven 
bevel gear (63) being meshed too tight. 

When there Is noise and back-lash, which is more 
noticeable when dutch is “thrown-out,” and there 
seems to be a loose, jerky motion in rear, when 
clutch is “thrown-out,” it is probably due to gears 
54 and 63 not meshing tight enough. 

Remedy: First see if there is oil on teeth of gears 
by taking filler plug out and sticking your finger 
on gear. Often times heavy grease will not throw 
all way ’round. 

Adjustment: Ordinarily the adjustment of drive 
pinion (54) is sufficient. If not, then driven bevel 
gear (63) must also be adjusted. 

Note. On other makes of cars having 1 'helical” 
gears the same rules apply. 

To Adjust Drive Pinion. 

The whole drive shaft 52, fig. 0, page 931, can 
be adjusted endwise to obtain exact position of the 
driving pinion (54) which is rigidly attached to 



Adjustment of Bevel Driven Gear. 

To test if the bevel gear (63) is running quiet, 

jack up the rear axle and run the engine with the 
gears, in direct drive about 20 m. p. h. as indicated 
by speedometer. 

After adjusting the bevel driving pinion (54) as 
explained above, if still noisy, then remove rear 
axle cover plate and the two adjusting ring lock 
screws (56) and readjust bevel driven gear (63) 
to the new position of pinion. 

The large bevel driven gear (63) can be moved 
either to the right or to the left In order to insure 
its quiet engagement with driving pinion (54), by 
operating the two bearing adjusting rings (66, fig. 
C, page 931) in similar manner as those used in ad¬ 
justing the drive pinion. After adjusting, they are 
locked in place by the adjusting ring lock screws, 
(56, fig. C and D, page 931). 

Removal of Rear Axle Shafts. 

The rear axle is of the full floating type, permitting 
the removal of the drive shaft (58, figs. C and E. 
page 931), without jacking up the car. 

To remove rear axle shafts (58) and flanges (82), 
simply unscrew the nuts on bolts 80, which hold 
the flanges to hub of wheel and remove them to¬ 
gether with the axle shafts. If one axle shaft 
should stick, remove one on opposite side and drive 
or push other one out wth a long rod. 

Lubrication of rear axle: use 5 pints, if empty, of 
gear lubricant, or enough to fill rear axle up to level 
of lower plug, 62, figs. O and D, page 931. If grease 
leaks out rear wheels, housing is too full. 

To Disassemble DifferentiaL 

1—Remove axle shafts 58; 2—remove inspection 
plate; 3—take caps off bearings and lift out; 4— 
remove cotter pins and nuts on the 4 studs which 
hold differential unit together and disassemble. 


no 


Tig. 4: To remove drive 
pinion (54), a plate is 
bolted to thw 4 studs and 
pressure applied to shaft 
by screw. 

Fig. 6: To remove front bearing adj. collar O, 
turn to left with a screw driver. A special wrench 
for this purpose can be made of a piece of pipe P. 
Fig. 3: Puller for front of universal joint. 





Fig. 6: Drag link cap 
is filed to give adjust¬ 
ment. 



CHART NO. 421—Dodge Drive System —Continued. 

*See.also, pages 666, 670 and Insert No. 1. See page 689 for Dodge Brake Adjustment. (Motor World.) 
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LIBERTY ENGINE SUPPLEMENT. 

Brief History. 


At the declaration of war, Mr. H. E. Coffin, and 
soon thereafter, Mr. E. A. Deeds, were called upon 
to organize the production of aviation equipment. 

J. G. Vincent, Chief Engineer of Packard Motor 
Car Co. and E. J. Hall of the Hall-Scott Co., of 
Berkeley, Calif., were called into conference at 
Washington, May, 1917. On May 29th, these two 
men started the design of an 8 cylinder aviation 
engine to develop approximately 200 h. p. and a 12 
cylinder engine to develop 300 h. p. The first en¬ 
gine, an 8 cylinder was delivered to Bureau of 

Oiling 

The oil supply for the Liberty engine is carried 
in a reservoir which is cooled. This reservoir is 
mounted somewhere in the vicinity of the engine 
and from it oil is led to the connection on the right 
side of the oil pump body, which is marked “oil in.’* 

There are two oil pumps; a delivery pump and 
an oil return pump. 

Oil return pump: immediately above the oil de¬ 
livery pump is located the “oil return pump“ con¬ 
sisting of three gears, and driven by the same shaft 
as the delivery pump. The function of this oil re¬ 
turn pump is to draw the excess oil out of the crank 
case and return it to the oil reservoir. One half 
of this pump draws oil from the oil sump at the 
propeller end of the crankcase and the other half 
draws oil from tho sump at the distributor end of 
crankcase. Both halves of the pump deliver oil to 
the connection on the left side of the oil pump body 
marked “oil out," from which point it returns to 
the oil reservoir. 

The oil delivery pump takes the oil and delivers 
it under pressure to a distributor pipe (C) running 
the entire length of the crankcase. 

There is a pressure regulating valve between the 
pump and the distributing pipe which holds the 
pressure so that it does not exceed 50 lb. per 
sq. in. 

The oil gauge pressure, after about 8 min. run¬ 
ning at 600 to 800 r. p. m. should show about 5 lbs. 
pressure, and at 1600 r. p. m. up to 80 lbs. 

From the distributor pipe, there are pipes (P) 
leading to the main crankshaft bushings. The crank¬ 
shaft is hollow, and in the center of each main 
bearing there is a radial hole drilled through the 
shaft into the hollow center. A passage leads from 
each hollow main bearing to the adjacent crankpin. 
which is also hollow. A radial hole is drilled 
through each crankpin and carries the oil out on 
the surface of the pin. 


Standards, Washington, July 4, 1917, and ran sue* 
cessfully. 

The Engine Production Department, a portion of 
the Division of the Signal Corps was created in 
Aug., 1917, with Lieut. H. H. Emmons in charge 
as Chief Engineer of Engine Production Department. 

The horse power of engine was increased to 440 
h. p. and in spite of many difficulties, more than 
15.000 engines were produced by Nov. 29, 1918, or 
within 18 months after work began. Certainly a 
marvelous accomplishment. 

System. 

There are oil grooves and passages in the con¬ 
necting rod bushings to insure proper lubrication 
for both the forked and plain connecting rods. 

The oil spray thrown off by centrifugal force 
from the ends of the connecting rods lubricate the 
piston pins and cylinder walls. 

A part of the oil conducted to the crankshaft main 
bearing at the propeller end of the engine goes 
through a passage around this bearing and up 
through pipe leads F and E, to the propeller end of 
the camshaft housings. From the end of the cam¬ 
shaft housing it is led around the end of the cam¬ 
shaft bearing through a passage drilled diametri¬ 
cally* through the bearing midway of its length. 

Once every revolution of the camshaft, a hole 
drilled through the camshaft into its hollow center 
registers with the oil passage through the bearing. 

Thus once every revolution of the camshaft a 
small quantity of oil is forced into the hollow cam¬ 
shaft. 

The oil is led through the camshaft and out 
through holes drilled in it to each camshaft bearing. 

The excess works out of the ends of these bear¬ 
ings and collects in small reservoirs to a depth of 
about % in. The cams, in revolving, dip into this 
oil and splash it over the cam rollers. 

The excess oil eventually finds is way to the gear 
end of the camshaft housings, over the gears and 
down the drive shaft housing into oil chamber (O) 
just above the oil pump. 

The excess oil thrown off in the crankcase by the 
connecting rods collects in this same chamber when 
the engine is inclined so that the propeller end is 
high. If tho propeller end of the engine is low, this 
oil collects in the oil sump or chamber at the pro¬ 
peller end of the crankcase. 



Ex., exhaust ports , 
CS, camshaft; G6, 
cam shaft drive 
gear; G, drWeshaft 
bousing; Gl, G2, 
©7, L, D corre¬ 
spond with fig. 2ft. 
page 936; 0, oil 

chamber above oil 
pump; WG, water 
pump gear; 0, oil 

distributor pipe; 
©E. con n <j c t i n g 
rods; RS. crank 
shaft. 


d. 





934 LIBERTY ENGINE SUPPLEMENT. 


General Construction. 


The Liberty engine used in the De Havi- 
land and other land planes and many sea¬ 
planes is a twelve-cylinder V-type with 
overhead valves and overhead camshaft. It 
weighs approximately 890 lbs., and the 
horsepower ranges between 350 and 400 in 
the Army type with the high compression 
pistons and 320 to 340 in the Navy type 
with low compression pistons (fig. 28). 

The rated fuel consumption is 0.54 lb. a 
horsepower, or 36 gal. an hour with wide 
open throttle at 1700 r.p.m. Under service 
conditions about 30 gal. an hour is fairly 
representative consumption. 

The oil consumption is 0.03 lb. a horse¬ 
power-hour, or 1% gal. an hour with wide 
open throttle at 1700 r.p.m. 

The horizontal flying speed of the engine 
is 1700 r.p.m., and the ground speed is 1600 
to 1625 r.p.m. 

Cylinders. 

Cylinders: The design is followed after 
the practice used in the German Mercedes 
(page 916), English Rolls-Royce, French 
Lorraine-Deitrich, and Italian Fraschini, be¬ 
fore the war and during the war. 

The cylinders are made of drawn steel in¬ 
ner shells surrounded by pressed steel 
water jackets welded to the cylinders and 
at their own seam. Each cylinder has one 
inlet and one exhaust valve and two spark 
plugs. 

Angle between cylinders: In the Liberty 
the included angle between the cylinders is 
45°; in all other existing 12-cylinder engines 
it is 60°. This feature is new with the 
Liberty engine, and was adopted foV the 
purpose of bringing each row of cylinders 
nearer the vertical and closer together, so 
as to save width and head resistance. By 
the narrow angle greater strength is given 
to the crank case and vibration is reduced. 


head which gives an 18 per cent compres¬ 
sion space. 

**The Navy-type pistons have a flat head 
which gives a 20.5% compression space. 

The pistons are 5 In. long and have three 
rings of the eccentric type, all at the top 
of the piston. These piston rings are as¬ 
sembled with a gap between the ends of 
the rings not less than .025 in. The pistons 
of the engine weigh 3 lb. 3 oz. 

Piston Pin 

is a seamless steel tube, the tube being 
a drive fit into the bosses on the aluminum 
piston. Tube is 1^4-in. outside diameter 
and surrounded by a bronze bushing, upon 
which upper end of connecting rod bears. 

Crankshaft. 

The design follows the standard 12-cyUn- 
der practice, except as to oiling—see page 
933 and below. 

Crankshaft is a drop-forged seven-bearing 
crankshaft 2% in. in diameter, the longer 
being, at. the propeller end. 

• The shaft carries a propeller-hub at its 
forward end and at the rear end carries 
a bevel gear for driving the valve mech- 
anfem. 

A double row thrust bearing at the pro¬ 
peller hub end of the crankshaft takes the 
end thrust on the shaft. 

The shaft is drilled for oil passage, the 
openings being drilled M v throughr the Crank 
cheeks through the crankpins. 

Connecting Bods. 

The forked or straddle-type connecting 
rods of I-beam type are used. This type of 
connecting Tod was first used by the French 
De Dion: car, and on the Cadillac in this 
country. The' length is 12 inches between 
centers. Both crankshaft and connecting 
rods are made of chrome nickel steel. 


A disadvantage of this angle, if used for auto¬ 
mobile work would result in uneven firing im¬ 
pulses—which would be noticeable at low speeds, 
as the spark occurs close together, 22%°, and 
then far apart 37 of distributor brush rota¬ 
tion, similar to explanation on page 918, except 
the Delco battery system is used on the Liberty 
instead of a magneto as explained on page 918. 

With the airplane engine however, where the 
speed is usually high and constant, the uneven 
impulse is not noticeable. 

The bore Is 5 In. and stroke Is 7 In., 
same as on the Hall-Scott, A-5 and A-7 en¬ 
gine, page 912, and as used on the Hall- 
Scott 12 cyl. engine. Piston displacement 
is 1649.34 cu. in. 

An engine in all respects identical with 
the Liberty airplane engine, but having 
cast iron cylinders is used in Tanks. 

Pistons. 

The pistons are of aluminum, and are of 
the Hall-Scott design, page 913. 

There are two designs of pistons used, 
one for the Army and one for the Navy, 
(see fig. 28, page 936.) 

The Army-type pistons have a crowned 



Note, lower part of the plain end connecting 
rod la placed between tho forks of the forked end 

rod. P—shows section of lower end of plain rod 
—continued on page 935. 


"Engines required for different classes of work were: (1) The Elementary Training Planes; (2) For 
Advanced Training Planes; (3) For Combat Planes. For 1, Curtis OX. 90 h. p. engine, page 921. and 
Hall Scott A-7 A, 100 h. p. engine, page 913 were used. For (2), the Gnome 110 h. p. engine, page 910. 
made by The General Vehicle Co., Long Island. N. Y. and the Le Rhone (similar), of 80 h. p., made by 
the Union Switch and Signal Co., Swissvale. Pa., and the Hispano-Suiza, 150 h. p., page 918. by the 
Wright-Martin Co.. .New Brunswick. N. J. For (3), the Liberty Engine. It was estimated that 22,500 
would be required for the Army and Navy. 

**See foot note, page 936. 



CRANK CASE AND COOLING. 


over the bearing bushing E, which is the upper 
half of bearing bushing, and F, is the lower half. 
The plain rod has one cap (PC) and the forked 
rod, two caps (FO). The left rods are forked and 
the right, plain. 

The clearance between crank pin and lower 
connecting rod bushing varies from .003 to .004". 

Clearance between plain rod and back of bush¬ 
ing .005". 

The bushing carried by forked rod should have 
from .010" to .020" side play on the crank pin. 

The plain end rod should have from .004" to 
.008" side play in the forked rod. 

Crankcase. 

The crankcase is in two pieces, both of 
which are aluminum castings. 

The crankshaft bearings are on a line with 
the split in the crankcase, the lower halves 
of the crankshaft bearings being held in the 
lower half of the. crankcase and the upper 


halves in the upper half of the crankcase. 

The two halves are tied together by long 
bolts or studs (S), which pass through the 
upper half of crankcase, through bosses, the 

# nuts being at the top 
of the upper half of 
the case. This gives 
an accessible con¬ 
struction which is at 
the same time rigid. 

A careful joint is 
made between the 
two halves of the 
^— u . mm’ 1 crankcase in order to 

■ *i secure the desired 

c, ~ *■* *' alignment at the main 

bearings, the joint being lapped. 
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Cooling System. 

Cooling water is circu¬ 
lated through the Liberty 
engine by a centrifugal 
pump running at one and a 
half times engine speed. 
The capacity of this pump 
is 100 gal. a minute at 
1700 r.p.m. The cooling 
system from the pump inlet 
to and including the water 
outlet header will hold 5% 
gal. of water or 46 pounds. 


^old Weather 
V E Instructions. 

Anti-frebzing prepara¬ 
tions are not used. The 
cooling system is filled with boil¬ 
ing water. 

Hot lubricating oil Is put into 

1 crankcase. Oil can be heated in an 
open top container set in boiling 

water. 

Engine is primed to start, at slow 
speed. Engine is then run on ground 
until oil has been thoroughly dis¬ 
tributed. 

The plane is not taken from the 
^ pound until the water temperature 
Bfc is 160° Fab. Engine should not re¬ 
main stationary more than 10 min¬ 
utes at a time, as it will get cold 
again. Temperature of water should not 
exceed 200 D Fab. and should average about 
ISO* 3 . 

After finishing a test flight, all oil and 
water should be drained before engine cools. 

Spark plugs should be removed from en¬ 
gine and kept in a warm place, if engine 
is to stand idle over night or for a long 
period. 

Propeller. 

Propeller is 9 feet di.; blade 9 in. width. 
The difference in pitch between the two 
blades is ^ inch in 9 inches. The Hall- 
Scott propeller hub, page 915 was adopted. 


- Lown» half 
sump 


Propeller end view of Liberty “12" Engine. 


CHART NO. 420—Crank Case and Cooling System. 



LIBERTY ENGINE SUPPLEMENT. 


Valves and Camshafts. 


The valves are mounted in the heads of the 
cylinders and are inclined at an angle of 
15 deg. to the center line of the cylinder, so 
that the angle made by the center lines of the 
two halves is 30 deg. 

The valves are the standard mushroom type 
with 45-deg. seat. The cylinder heads are 
bushed for the valves and the valve springs 
are of the double concentric type. 

The intake manifold passes between the two 
rows of cylinders, and the carbureters in most 
of the installations are mounted in the V. 

The entire valve drive is housed above the 
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Transverse section, from distributor end, showing 
how the oil and water pump, generator and camshaft 
are driven, and vaive action. 


cylinders and can be readily removed with¬ 
out tearing down the engine. 

The valves are operated from the camshaft 
by roller cam followers, which actuate the 
rocker shaft and in turn the valve rocker arm 
or lever. See page 938, fig. 67, also pages 
914, 913, 912 which is a similar principle. 

To adjust valve clearance; turn tappet 
screw, see fig. 67, page 938. 

Cam-Shaft Drive. 

The camshaft drive was copied almost en¬ 
tirely from the Hall-Scott motor, page 914. 
In fact, several of the gears used in the first 
sample engines were supplied by the Hall- 
... Scott Motor Car Com- 

R camshaft pany. This type of 

inlet drive is used by Mer- 

f cedes, Hispano - Suiza, 
and others. 

By referring to fi g. 
28, the drive system can 

Drive-Gear System. 
Gl, main drive gear 
on end of crankshaft; 
G2, drive gear for lower 
oil and water pump 
shaft; D, bearing assem¬ 
bly; G7, drive gear for 
water pump; N, oil 
plug; L, oil pump shaft 
(runs 1% times engine 
speed); 03, driven gear 
for upper shaft; 04, 
drive gear for the two 
inclined shafts (through 
G5), which drives the 
right and left overhead 

The Inclined shafts re¬ 
volve 1% times engine 
speed; G6, gear (one on 
each inclined shaft) to 
drive camshaft; cam¬ 
shaft revolves % engine 
speed; distributor ro- 
tor or brush, is driven 
from camshaft, at cam- 
" D shaft speed. 

Tachometer drive and gun syn¬ 
chronizer; Provision is made for 
mounting a mechanically driven air 
pump oti the distributor end of the 
engine crankcase and driving it by 
means of a splined shaft fitting into 
the crankshaft gear. An extension 
of this shaft carries a double ad¬ 
justable cam designed to operate a 
machine gun. The over-all length 
of the unit is 6 in. The tachometer 
is driven from generator shaft. 


mro drive 

■.CAMSHAFT 
[A NUDIST 



W 

jn 

Bkdram tube 

■ ^ 

M| k 


"Crankshaft geai 


CHART NO. 421—Valves, Camshafts and Drive Gear System. 

The Navy type usually works at low altitudes and Army type at high altitudes, hence reason for low and 
high compression pistons. 



PRACTICAL POINTERS. 
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Valve Pointers. 


One method for testing gas tightness of a valve. 
This can best be done by inverting the cylinder 
with the valves in place and pouring a small quan¬ 
tity of gasoline in the cylinder. Watch for seep¬ 
age around the valve. If the valves show any leak, 
they should be carefully ground in. The cylinder, 
for this operation, should be held in position by 
means of the flange at the bottom. 

Valves should not he ground any oftener than Is 
absolutely necessary; and then only enough to 
“clean up” the seat. If a valve is pitted or warped 
to such an extent that it is necessary to grind it 
heavily, care should be taken that any ridge or 
shoulder formed on the edge of the valve seat be 
dressed down with a fine mill file. The abrasive 
should be carefully washed off the valve, the seat 
and the inside of the cylinder. Test Beating of 
valve with Prussian blue. 

The exhaust valve spring exerts a pressure of 45 


lbs. when compressed to a length of 2% in. The 
intake valve spring exerts a pressure of 23 V6 lbs. 
when compressed to a length of 2% in. 

Piston Pointers; 

Examine piston for scores. It is very likely 
that the pistons will show scratches which were 
caused during the first run in of the engine. It 
is difficult to draw a line of distinction between 
what is termed a scratch and a score. A piston 
should not be discarded unless the scores extend.past 
the piston ringB and seem to be of recent origin. 

Examine piston for even bearing on its outside 
surface. If any piston shows excessive wear on 
one side at the bottom and not at the top, it is 
an indication that the connecting rod is twisted or 
bent. This rod should be straightened up before 
assembling. 



Carburetor 
altitude RI0HT 

DISTRIBUTOR 


Carburetor 


throttle 


LEFT 


DISTRIBUTOR 


Distri 


butor 


filler 
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inlet 


water inlet 


OIL 


Cylindet 

water 

left 


Cylinder 

water 


Water 


Distributor or rear end view of Liberty “12“ engine. 
Note —the high tension ignition coils are an integral 
unit of each distributor, being placed on the front of 
same. Note all controls are at this end of engine. 


Piston Bings. 

Examine piston rings for 
even bearing on the outside 
surfaces. The ring should be 
a free fit in the grooves and 
should not be so loose that any 
shake is noticeable. 

Inspect condition of ring 
grooves through the ring gap as 
to carbon deposit. If the car¬ 
bon is soft and not of great 
amount it may be wiped out 
with a soft rag over a splinter 
of wood inserted through the 
gap in the ring. If the amount 
of carbon is excessive and 
caked hard, the ring should be 
taken off. 

„ Bing grooves should be wiped 
ott with a soft cloth moistened 
with gasOlin^, and any carbon 
caked in these grooves may be 
scraped -out with a piece of 
wood. 

It is preferable to put back 
the old rings If the wear baa 
not been too excessive, than to 
fit new rings which have not 
been run in. 

The gap between the ends of 
the ring should not be less than 
.026 in. when the ring is fitted 
in the cylinder. 


Connecting Bod Bearings. 

If the bearing has been dam¬ 
aged or shows wear to such an 
extent that it is advisable to re¬ 
place it, the new bushings 
should first be fitted in the 
forked end rod. Be sure that 
the bushing seats properly in 
the rod and that the dowel 
does not hold it away at any 
point. 

The caps of the forked end 
rod should be put in place and 
drawn up tightly. 

Examine the joints between the cap 
and the rod and between the two halves 
of the bushings. Caps and bushings 
should bear equally hard at the joints. 

The bushing should then be scraped to 
a free fit .003 in. to .004 in. larger than 
the rank-pin. 

The ends of the bushing should be 
dressed off with a fine mill file and a 
sufficient amount removed to permit from 
.010 in. to .020 in. side play. Touch up 
the radius at each end of the bushing 
with a scraper until it clears the fillet of 
the crank pin. Test this point by coating 
the crank pin and each fillet lightly with 
red lead or Prussian blue. 

After fifty hours running, engine should 
undergo a thorough inspection. 


CHABT NO. 422—Distributor End, Showing Distributors, Generator, Water and Oil Pump. Prac¬ 
tical Pointers. 
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LIBERTY ENGINE SUPPLEMENT. 


Firing Order and Valve Timing. 


OIAGRAM SHOWING FIRING OROER 



Order of firing—Standing at the distributor end of the engine and 
looking toward the propeller, the groups of cylinder! are designated m 
"Left” and ,# Right” respectively and are numbered 1, 2. 3. 4, 5 and 6 
beginning at the distributor end The order of firing is as follows 

123456789 10 11 12 

1L 6 R 5 L JR 3 L 4R 6L 1R 2L 5R 4L 3R 





ValVo timing: Inlet opens 10° after top d. c.. 
closes 45° after bottom d. c„ exhaust opens 50* 

before bottom 
and closes 
10° after top. 
Note If spark 
is fun ad¬ 
vanced the 
spark will oc¬ 
cur 30° be¬ 
fore top d. c., 
on compres¬ 
sion stroke. 



Electric Wiring and Ignition System. 


Electric wiring: For low tension work, No. 14 
stranded cable for distance of 10 feet or less, 
or No. 10 for distance up to 25 feet, well insulated 
with rubber and braid. Wires taped and shellaced 
where clipped to fuselage. See fig. 7, wiring dia¬ 
gram. Single wire grounded return (6), system 
is used. 

Spark control advance and retard at distributor 
is, 10 degrees after dead center "retarded," and 
80 degrees before dead center "advanced," see 
fig. 5. above. 


Contact breaker (timer) gap when breaker is 
wide open, should be .010 to .013 of an inch. 

Spark plug gap; .015 to .018 of an inch. De¬ 
fects in all spark plugs are most apparent when 
the plugs are hot. 

Timing: When engine is set on firing point of 
No. 1L cylinder, in other words, with No. 1L 
crank set 10 degrees past top of "compression" 
dead center, the carbon brush in the end of the 
distributor rotor should bear on the brass con¬ 
tact marked 1L on distributor head. 




CHART NO. 428—Firing Order; Valve Timing. Electric System, 








ELECTRIC SYSTEM. 
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Electric System. 


Ignition. 

The ignition'system (Delco) used on the 
Liberty twelve is the battery type with two 
independent breaker and distributor mech¬ 
anisms, mounted on the ends of the cam¬ 
shafts, identical in every respect and each 
one firing all twelve cylinders. 

These distributors are supplied with elec¬ 
trical energy from two sources: For start¬ 
ing and idling speeds up to 650 r.p.m. cur¬ 
rent is drawn from the specially constructed 
four-cell storage battery which has sufficient 
capacity to ignite the engine at full speed 
for 3 hr. and is so constructed that it will 
function properly upside down. (8v volt, 
11 ampere-hour capacity). 

The generator builds up so that it takes 
up the load at 650 r.p.m. 

Two main contact-breakers connected in 
parallel are located in each distributor box 
and the two circuit breakers are timed to 
operate simultaueously. .The two contact- 
break ?rs are pfrovidedf in duplicate as a pre¬ 
cautionary measure. The breaker cams 
have 12 lobes. 

Auxiliary circuit or contact-breaker is to 
prevent the production of a spark when the 
engine is turned backward or “rocked.” 
This auxiliary breaker figs. 9 and 7, is con¬ 
nected in parallel with the other two through 
a resistance unit which reduces the amount 
of current flowing through it. The breaker 
is so timed that it opens slightly before the 
other two when the engine is turned in a 
forward direction. 
The opening' of 
the main breakers 
then results in the 
production of a 
spark. 

When the en¬ 
gine is turned in 
a backward direc¬ 
tion the two main 
breakers open first and no spark is produced 
due to the fact that the current continues 
to fliw through the coil through the aux- . 
iliary breaker but in diminished quantity 
due to the resistance unit. By the time 
the circuit is opened at the auxiliary break¬ 
er the intensity of the magnetic field of the 
coil has weakened to such an extent that 
no spark is produced. 

A coil is incorporated in the cover of each 
distributor head—see fig. 27, page 937. 

Generator. 

In addition to tbe battery, a. positively 
driven generator, mounted to rear of en¬ 
gine, figs. 27 and 28, is provided, so geared 
that it runs at 1% times crankshaft speed. 
It is a 4 pole shunt wound machine. 

As stated above, electrical energy for starting 
and idling speeds Is supplied by tbe battery. As 

the engine speed is increased, the generator 
"Vuilds up” and its output grows greater un¬ 
til, at about 650 r.p.m. the generator voltage 
equals that of the battery. 

The maximum generator output exceeds the re¬ 
quirements for ignition so that, at speeds above 
650 r.p.m. the direction of flow of current is re¬ 
versed and the excess output of the generator goes 
to recharge the battery. 



Begulation: The generator is controlled 
by a “voltage regulator,” mounted on cowl 
of plane, and consists of an iron core on 
which are wound three coils, the connec¬ 
tions of which are shown in fig. 7. The 
regulator prevents the output exceeding 
a pre-determined figure. In view of this 
fact, the generator will supply current 
for ignition indefinitely, without the bat¬ 
tery, so long as the engine speed is not 
allowed to drop below 500 r.p.m. It is not 
possible to crank the engine fast enough to 
start it on the generator, however. 

Switch. 

A duplex ignition switch, mounted on the 
cowl of plane, fig. 8, is provided which will 
permit either one or both distributors be¬ 
ing turned “on.” This switeh is so con¬ 
structed that either set of ignition alone 
can be used without connecting in the gen¬ 
erator. 

In starting, only one sid& should be used as, 
with both switches "on,” the generator is con¬ 
nected to the battery. Under these conditions 
the discharge from the battery through the gen¬ 
erator before the engine is started would be an 
excessive drain on the battery. It is essential 
that both switches be “on" at all flying speeds. 

When operating at a speed under 660 r. p. m., 
only one switch should be- used, as with both 
switches on, the generator ns in the line and work¬ 
ing as a motor. Result is, with both switches 
on, the pull on battery is about 12 amperes. With 
one switch on, the draw is 4 amperes, which is 
the ignition load. 

Idling at 650 r. p. m. for an hour, with both 
switches on will discharge battery. 

The ignition switch has an ammeter incorporated 
in If and this ammeter should be watched occa¬ 
sionally as it indicates the amount of current 
flowing to or from tbe storage battery. 

If the ammeter shows a discharge at any speed 
above 650 to 700 r.p.m. with both switches “on” 
it is an indication that something is wrong with 
the generator circuit and that all electrical energy 
is being supplied by the storage battery. 

If the ammeter stands at zero under the same 
conditions, it indicates that the storage battery 
is not receiving a charge, but that the ignition 
is being carried by the generator. 

There are two ignition resistance units mounted 
on the hack of the Ignition switch, see flg. 7. 
They are for the purpose explained on page 878. 

Storage Battery. 

Storage battery is charged at .7 amperes for *70 
hours if discharged. It is an 8 volt 4 cell battery. 

Spark Plug. 

There are two spark plugs per cylinder to the 
Liberty 12. 

One airplane type of spark ping (Splitdorf) is 
illustrated below. 



They are subjected to pressure of 90-110 lbs. 
The gap distance is .015 to .018. The life of a 
plug of this type is 25 to 100 hours. 


The parts of the Splitdorf ping 
s, lasers 


is as follows; 

brass terminal, mica washers, lateral wound mica, 
Bteel center rod, 98% pure nickel electrode point, 
carbon steel from brass terminal to electrode ana 
carbon steel shell. 


The AO Titan, one-piece porcelain spark plug 
is used on the Liberty 12-cylinder engine. 
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LIBERTY ENGINE SUPPLEMENT 


Carburetion. 



Two Zenith duplex carburetors, similar to 
principle explained on page 182 and 181, are 
used. This is equivalent to four single car¬ 
buretors, each one supplying three cylinders 
of the engine. 

Each duplex carburetor consists• of a single float 
chamber and a single air inlet joined to two sep¬ 
arate and distinct spray nozzles, venturi and idling 
devices. 

Each of the two barrels of each carburetor is 
fitted with a throttle valve of the butterfly type. 
The two pairs of throttles are operated simultane¬ 
ously by a shaft, provided with an adjustment at 
each end by which the pairs may be synchronized. 

Each duplex carburetor is fitted with an altitude 
adjustment. 


An altitude adjustment is incorporated in 


this Zenith airplane type carburetor. The 
purpose of which is to adjust the gasoline 
supply to the changed conditions met with at 
higher altitudes. 

If a carburetor is adjusted to deliver a 
properly proportioned mixture at sea level, 
it will supply an Increasingly “rich” one as 
the machine mounts to higher altitudes, dne 
to the fact that the air is lighter and less 
dense—as explained on page 920. 

The principle of the altitude adjustment, shown 
in fig. 16, Is as follows: The float chamber is open 
to the air through two screened air inlets. 

The well (J) is in open communication at its top 
with the float chamber. 

A passage (P) is provided from the float chamber 
to the carbureting chamber below the throttle valve; 
this passage is fitted with a stop cock (L), which is 
manually operated from the pilot's seat. 

Under normal conditions, that is, on the ground, 
the stop cock (L) should be closed and the gasoline 
in the float chamber will be subjected to atmospheric 
pressure through the screened air inlets. 

When the engine is running, the partial vacuum 
produced in the throat or choke (X) will draw the 
gasoline out of the nozzle (O) and (H) in proper 
proportions. 

At an altitude of about 6000 feet, the aviator wiU 
begin to open the valve (L) thus drawing sir from 
the float chamber and establishing therein a partial 
vacuum, which depends on the degree of opening 
of stop cock (L); this partial vacuum will Impede 
the flow of gasoline through the jets, and the mix¬ 
ture will be made more lean. 

The altitude valve should be opened as far as pos¬ 
sible consistent with obtaining the greatest number 
of r. p. m. of the engine. 

The float level is set so that gasoline level ii H" 
below main cap jets. 


Gasoline System. 


The air pressure feed is used from the 
main gasoline tank. The initial pressure 


overhead is filled by pressure from the main 
tank. See fig. 6, for further details. 




(3 lbs.) is obtained from hand pump (fig. 6). 
After engine is running the air pressure is 
obtained from the power air pump on engine. 
The auxiliary gravity feed tank, located 


The engine-driven air pump with its regulator, is 
designed to hold the pressure on the gasoline tank 
to approximately three pounds. In order to deter¬ 
mine whether or not the pump is functioning prop¬ 
erly, screw down the pressure regulator adjusting 
screw. This should cause the pressure in 
tank to rise if the pump is operating as it 
should. Now screw the regulator adjust¬ 
ment up until the pressure is held steadily 
at three lo four rounds. 

Specific gravity; 
58 to 65 Banme; initial 
boiling point, 102. de¬ 
grees Fah., not higher 
than 120 degs. Fah. 
Final boiling point 350 
degs. Fah. 

Fuel consumption is 
.54 ' pounds per horse 
power hour, or . 36 gal¬ 
lons per hour with wide 
open throttle at 1700 
r. p. m. 

Gasoline pipe is an¬ 
nealed copper tubing 
inside di. from tank 
to T, between carbure¬ 
tors. From this T to 
each carburetor, di. 

Air pressure pipe is 
inside di., copper tubing. 


OHABT NO. 424—Carburetion and Gasoline System. 
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(One of the Largest and Best Equipped Repair Shops in the U. S.) 


CYLINDER 

CRANK SHAFT 
GRINDING 

Oversize Pistons, Rings and Wrist Pins 
made to fit. Skilled Mechanics and 
Special, Accurate Machinery. 

GENERAL REPAIRING 
and OVERHAULING 


Send for Our Free Catalogue 

“Important Information”—Giving a lot of Useful Information 
and Prices Charged for Regrinding Cylinders, Crankshafts, 
Wrist Pins, Oversize Pistons, Scored Cylinder Repairs, etc 


Modern Auto Repair 

and Reconstruction Company 

4601 to 4613 Olive St. - - ST. LOUIS, MO. 

Chas. Less, Pres. & Treas. V. Less, Vice-Pres. A. R. Solomon, Secretary 
Wm. Lohse, Supt. & Master Mechanic (Pioneer). 
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SOUTH BEND LATHES 




20,000 South Bend Lathes 
are in use in manufacturing, 
ami in general machine shop. 


The correct way to re-bore cyl¬ 
inders for motorcycle, automo¬ 
bile, motor truck and tractor 
engines. 


Free Lathe Catalog Mailed on Request. 


Size Bf Lathe.No. 40—16" No. 45—18" No. 47—21" No. 54—24" 

Price of Boring Attachment. $75.00 $80.00 $90.00 $100.00 

Weight of Boring Attachment. 225 lbs. 275 lbs. 350 lbs. 400 lbs. 


South Bend Lathe Works 

424 E. Madison St. SOUTH BEND, IND. 


* * Ho w to Bun a Lathe/ 1 

An 80 page book postpaid 
to any address for ten 
cents, silver or stamps ac¬ 
cepted. 


16"xl8" Lathe, Price $463.00, 

South Bend Lathes are made in Six sizes with 
both straight and gap bed, from 13- to 24-inch 
swing. 


South Bend 


CYLINDER BORING ATTACHMENT 
For Lathes 


The illustration shows a cyl¬ 
inder of a Ford automobile en¬ 
gine being re-bored in lathe. 
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f Continental Radiator 

Stand. 

Solder will not run up¬ 
hill. Why waste half your 
time trying to get a radia¬ 
tor In just the right posi¬ 
tion that you can solder it 
when a thousand different 
positions are obtainable 
on a Continental Radiator 
Stand? The radiator is 
clamped securely to the 
Stand by rubber covered 
clamps that will not mar 
the highest finish, and the 
radiator can be turned in 
two directions, which al¬ 
lows any part to be brought 
to the top and the Stand 
being portable it is easily 
moved from place to place. 


Continental Combination Jack and 
Industrial Truck. 



Garage Jack. 




Continental 
Battery Stand. 

When you work on 
heavy storage bat- 
t e r 1 e s, magnetos, 
starters or generators 
always place the 
work on a Continen¬ 
tal Battery Stand. 
It can be revolved to 
any position and se¬ 
curely locked. Re¬ 
volves on ball bear¬ 
ings, and tl)e wooden 
top which is 10"x7" 
eliminates the dan¬ 
ger of short circuits. 




Continental Creeper. 

Big Double Wheel Casters 
Heavy Welded Frame 
Rolls Easy 
Will Not Break 
Slats are Steel Bands 
Big and Roomy 
20 by 44 Inches 
Malleable Casters 
Well Padded Head Rest 
Weight 50 lbs. 


A really good and efficient garage Jack that lifts 
the car entirely off the floor with one movement of 
the handle. It lifts at two points so that there is no 
danger of the car tipping off. It is instantly adjust¬ 
able in height and requires but one movement to make 
this adjustment. One stroke of the handle raises the 
ear two and one-half inches from the floor and being 
supported by two points there is no danger of the car 
tilting off the Jack. 

Used as an Industrial Truck. 

A Jack that serves a double purpose. It will be 
used about the shop as an industrial truck. Two tools 
at the cost of one. As an industrial • truck platforms 
may be made and oil barrels, etc., may be picked up 
and easily moved from place to place. A valuable 
tool that will repay its cost in a very short time. 



Used as an Industrial Truck. 


SEND FOR OUR COMPLETE CATALOG. 


Continental Auto Parts Co. 

306 W. Madison Street Knightstowil, Ind., U. S. A. 
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CONTINENTAL 

Shop Equipment . ^ 


Continental Motor Stand. ii S 

These stands are universal in operation. Adjust- 
able in both height and width, and are equipped to 
handle all types of engines and unit power plants, 

They can be turned in any desired position and se- k w f tl 

curely locked with a steel pin* Over twenty-five Lf 

different locking positions enable you to bring the 

1 __ T _ motor to any desired angle. Being portable the Stand readily 

adapts itself to progressive assembly. Ford attachments are fur* 
flJL nished for handling the Ford engine. Every stand is complete— 


Continental Ford Engine 
Stand. 

The patented principle of 
handling the Ford power 
plant used on Continental 
motor stands has proven so 
universally successful that 
we have produced a special 
stand for Ford engines only, 
and It is the only stand that 
handles the complete unit 
Ford power plant. It has 
the endorsement of thou¬ 
sands of satisfied users. 
It is the only stand you 
can get in which a com¬ 
plete power plant may be 
torn down and rebuilt with¬ 
out changing the engines 1 
position in the stand. The 
cylinder block is clamped 
in the stand in such posi* 
tion that the crank case, 
transmission, crank shaft, 
fly wheel, magneto, con¬ 
necting rods, pistons and 
cylinder head can be re¬ 
moved without re-arrang¬ 
ing the Ford cylinder block 
in the Stand. 


Continental Axle 
Stand. 

A third of your 
repair work la axle 
work. Speed up this 
department by us¬ 
ing our Axle Stands. 
Handles any and all 
types of axles. A 
real time saver and 
money maker. You 
cannot afford to be 
without it another 
day. The axle is 
clamped securely in 
position and the 
vise is adjustable to 
conform to the ta¬ 
per of any axle 
housing. Tbe oppo¬ 
site support drops 
out of position that 
Be mi-floating axles 
may be torn apart 
without releas i n g 
the axle from the 
vise. 



Continental Assembly and 
Welding Table. 

This Welding Table wiU 
speed up your production 
and affect a great saving 
in gas. It is an every ready 
assistant that turns the 
work to the desired posi¬ 
tion and eliminates lost 
motion. A rotatable work 
table that saves time in 
every departr mt from the 
machine shop to the fin¬ 
ishing room. A necessity 
in production and commer¬ 
cial welding. The best 
work bench you ever saw. 


Continental 
Assembly Table 
Bench Type. 

A small revolv¬ 
ing table for the 
work bench that 
will speed up all 
types of assembly 
work and cannot 
be excelled for lin¬ 
ing up bearings 
and laying off all 
types of work. 
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WRITE TODAY-NOW-FOR 

Free Illustrated Catalog on Dyke's Home Study Course 

IT MAY MEAN A GREAT DEAL TO YOU IN THE FUTURE 


LET US SHOW YOU pictures of shops sad cars of students who are now engaged in business— 
who actually got their start through the Dyke Course—we will show you a HUNDRED or more of tes¬ 
timonials, if you write us. 

Dyke's Correspondence School of Motoring, 

Granite Building, St. Louis, Mo. 

Gentlemen:— 

Mail me your FREE printed matter explaining your Course of Automobile Engineering. 
NAME . 


CITV 


STREET . STATE.. 

NOTE—State if you now have the Encyclopedia and Models, or Encyclopedia alone. 

_ (If you have Encyclopedia, be sure and state what Edition you have.) __ 

A Few of the Many Testimonials. 


First thought he could not learn by mall: Have 
just overhauled a car and had great success. Peo¬ 
ple said a person could not learn by mail, and I 
will admit that it did have me guessing when I 
first read your ad, but I am now convinced. The 
working Models and the Charts, and particularly 
the examinations, make It easier to learn by your 
system than any other way.—E. A. Tucker. Char¬ 
lotte, Mich. 

Now running a repair shop: Mr. W. 0. John¬ 
son. Jr., of Spartansburg, Pa., is now operating 
a repair shop and supply store. He learned from 
Dyke’s Course. 

Learned more from course than in shop: To 

say that I am pleased with vour Course is putting 
it mildly. Before buying it, I investigated five 
or six others, varying in price from $25 to $55. 
One of the concerns claimed thev had models; but 
I remember seeing in your printed matter, that 
you were the inventor and patentee of the New 
Model Idea, ao I insisted on their proving that 
they had models, which they could not do. The 
other schools seemed to be unwilling to give very 
much detail as to whst their Course consisted of. 
I am glad to say, tbat instead of misrepresenting 


nr Course, I find it even better than you 

have worked in two different garages, but have 
learned many things from your Course that I 
could not have learned in the shop. Your treat¬ 
ment of the ignition and other subjects as very 
clear indeed. Wilfred S. Baker, 129 StateKStreet, 
Bristol, Rhode Island. Enrollment No. 41755. 

More work than he can handle: Since* taking 
your Course I have had all the work I can handle 
in overhauling engines and making adjustments. 
—O. A. Arnett, Woodland, Mich. Enrollment 
No. 8661. 

I send you this letter to use to tell others: I 

do this because you have helped me and I want 
to now help you. After completing Course, I se¬ 
cured employment in a garage at a good salary. 
I have overhauled cars and have a good job the 

S ear round in the P. T. Legare Auto Garago.— 
eorge Gaudreau, 110 Massue Street. Quebec, 
Canada. 

Leading Authorities of the Motoring World 
Recommend Dyke’s Home Study Course. 
Barney Oldfield, Oh as, Duryea, Lord Montagu of 

England snd mnny others. Write ue for our cata¬ 
log aud read what they say. 



Illustration of the first prac¬ 
tical nutoiuabile book pub¬ 
lished in America. 


Some Firsts in America—By A, L. Dyke. 

The first practical automobile book published in America was pub¬ 
lished by A. L. Dyke. The small book, i I lustration of which is 
shown, was originally prepared in 1*51?* and IHfKi. It waB revised 
in 1903. 

In the issue of Motor Age. Oct, 29, 1903 a part of the 
article reads; ‘'The A. L. Dyke Co., published the first prac¬ 
tical automobile work intended solely for the automobile 
user." 

The first automobile supply business In America was originated 
by A. L. Dyke. In issue of Motor Vehicle Review, published 
in Cleveland, Ohio. 1900, now "The 
Automobile" of New York, part 
of the article reads: "Mr. Dyke orig¬ 
inally started in the automobile sup¬ 
ply business, the first in America in 
1897," The Automobile Review of 
Chicago, issue of April 1900 states; 
"Very early in the industry Mr. Dyke 
rrw there would be a demand for 
Auto Supplies, parte, etc. and organ¬ 
ized and incorporated The St. Louis 
Automobile and Supply Co." 

The first float feed carburetor manufac 
tured atyfl placed on the American mar 
ket was advertised and marketed by 
A, L Dyke in 1900. At that time the 
few automobile manufacturers were using 
mixing valves. 



Illustration of the orig¬ 
inal drawing of the first 
constant level type car¬ 
buretor placed on the 
American market. 


NOTE—We advise one to take a Practical Course if possible —at a good school—but don \ 
moment you are going to learn without studying—go to a school where books are used. 


for a 





















Advertisement 


Dyke’s 

Home Study Course of Automobile Engineering—$18. 

If you have Dyke's Auto Encyclopedia or the Models, or both, a reduction will be 
made on the Course. Be sure and state what Edition of the Encyclopedia you hare. 


For the benefit of those who wish to learn the business of repairing Mid operating auto¬ 
mobiles and gasoline engines, we have prepared a Complete Home flmidy Conroe. It is 
sent to the student all complete in a special box, and which 



One page of the Examination 
Question*. 


Consists of 

50 —Instructions, with thorough and Complete examination 
questions. ... 

1—Working model of the 4 cylinder engine.. 

1—Working model of the 6 cylinder engine. 

1—Set of charts showing the application and relation of the 
dutch and transmission to the engine—also magneto, coil, 
and battery ignition and electric atarter an£ how the gen¬ 
erator is mounted, etc. 

1—Progressive Chart Manikin, showing how a car is con¬ 
structed from the ground up. 

A Diploma is awarded when yon complete the Course. 

Our time in correcting your answers to the examination 
questions, alone is worth the price wo ask for the Course. 


The Examination Questions. 


There are questions to each of the in¬ 
structions to which, the student (taking 
his own time), is required to write the an¬ 
swers. The answers are written on paper 
and then forwarded to our examination de¬ 
partment for the proper grading and an¬ 
swering of questions the student may ask 
relative to the Course. 

The student Is graded and ' a haadpotat* 
Diploma Is awarded when he 


course. (One year’s time is allowed to 
complete the course. It is possible how¬ 
ever, to complete the course iu three or 
four months.) 

Many students who have taken our course, 
are now actively engaged in the auto repair 
business, also as chauffeurs and other 
branches of the industry, and are earning 
good salaries and making money. 


completes th* 


Why You Ought to Take the Course. 


(1) Because—the examinations will bring 
ont many pointero and subjects you 
would^ never think of by reading a 
book. Ton will gain Information 
worth hundreds of dollars to you. 

(2) Because—the examination questions 
start you at the beginning of a sub¬ 
ject—and in a progressive manner ad¬ 
vances you step by step, from the 
first principles—to the more compli¬ 
cated subjects—as you should progress. 

(8) Because—merely writing down the an¬ 
swers to the questions on paper—would 
be a good training—because you would 
be memorizing the answer as you write 
it down. 

(4) Because—yon will gain a clear under¬ 
standing of subjects which are not 
now clear to you—which will be worth 
considerable to you in time to come. 

(5) Because—the study consists of two 
general and distinct divisions; the 
study of interesting instructions and 
actual practice on the models—which 

" are referred to from the text. 

(8) Because—technical language is avoid- 
J^oughout the Course, so that any¬ 


one who can read and write li every¬ 
day” English can learn. It progr es s e s 

• in easy, natural steps from one part 
to another till finally you are taught 
the operation of this wonderful power 
plant as a whole, then how to locate, 
remedy and repair trouble—in a scien¬ 
tific manner. 

(7) Because—the price is extremely low, 
compared to the advantages gained 
and compared to the high prices 
charged bv others. When yon con¬ 
sider the fact that other schools offer 
courses ranging from $25 to $75, 
imagine if you will, how and where 
you could place $18 to better advan¬ 
tage. Here we offer you the most 
complete course in the world. 

(8) Because—you will not only learn all 
about automobiles, but you will under¬ 
stand truck, tractor, motor boat and 
airplane engines—which is bound to 
be of great value to you. 

(0) Because—the examination questions 
will glv# you a training you could net 
get by reading a book—think it ove r— 
In the meantime send for our fr*e 
catalog on the Course. 


r 


on® to take a Practical Course if possible—at a good school—but don't think for a 
going to learn without studying—go to a school where books are used. 












